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Abstract

The Northeastern California Plateaus Bioregion Science Synthesis reviews literature relevant to the
ecology and management of the Great Basin ecosystems and dry pine forests of the Lassen and Modoc
National Forests. Critical factors on these national forests are reduced water availability—expected to
become more challenging as levels and patterns of precipitation and temperature change under climate
variability—coupled with a high proportion of rangeland and open woodland whose vegetation community
is influenced by grazing of livestock and wild animal populations. Conifer encroachment of rangelands and
the densification of woodlands, a result of fire suppression, impact wildlife communities that rely on open
woodlands and other habitats characterized by having overstories of low density. Sagebrush habitat, in
particular, is threatened by fragmentation and conversion. Socioeconomic changes in the region include a
transition in the economic base from extraction to that of consumption of amenity values, and the resulting
fragmentation of landownership. The local human population is expected to continue its trend of decline,
but increased pressure by recreationists from nearby expanding urban areas is forcing land managers to
consider increasingly complex situations or actions integrating social, ecological, and economic factors.
Indigenous peoples are assuming a greater role in the management of their lands. Finally, disturbance
patterns, such as nonhistorical fire frequency and intensity levels, novel combinations of climate patterns,
and the pervasive pressure of nonnative invasive species could result in future ecosystems different

than those today, presenting additional managerial challenges. This synthesis is intended to serve as a
science-based foundation that supports management of Northeastern California forests, woodlands, and
rangelands.

Keywords

Lassen National Forest, Modoc National Forest, Northeastern California, forest planning, community
engagement, socioeconomic resilience, ponderosa pine, western juniper, sagebrush rangeland, wildfire,
wildlife, ecosystem restoration, climate change, disturbances

Cover photos (clockwise from bottom left): Ponderosa pine (photo by Ken Sandusky, Forest Service).
Sagebrush rangeland (photo by Dawn M. Davis, used with permission). Sheridan’s Hairstreak butterfly (photo by
Tony Kurz, used with permission). Sage thrasher (photo by Tony Kurz, used with permission). Fall colors in the
Granger Canyon, Modoc National Forest (photo by Ken Sandusky, Forest Service).

All Rocky Mountain Research Station publications are published by U.S. Forest Service employees and are in the public
domain and available at no cost. Even though U.S. Forest Service publications are not copyrighted, they are formatted
according to U.S. Department of Agriculture standards and research findings and formatting cannot be altered in
reprints. Altering content or formatting, including the cover and title page, is strictly prohibited.




Acknowledgments

For their valued participation in the public workshop that served to outline this synthesis, and for providing
comments on earlier drafts of this document, we thank the numerous citizens, local governments, and employees
of the U.S. Department of Agriculture, Forest Service. We gratefully acknowledge technical peer-reviews by Stephen
C. Bunting, professor emeritus, University of Idaho; Susan Charnley, Forest Service, Pacific Northwest Research
Station; Dawn M. Davis, U.S. Fish and Wildlife Service: Mark W. Davis, University of California, Davis; Peter J.
Figura, California Department of Fish and Wildlife; Russell T. Graham, Forest Service, Rocky Mountain Research
Station; Kathleen E. Halvorsen, Michigan Technological University; Constance |. Millar, Forest Service, Pacific
Southwest Research Station; David R. Patton, professor emeritus, Northern Arizona University; Kerry P. Reese,
professor emeritus, University of Idaho; Matt C. Reeves, Forest Service, Rocky Mountain Research Station; Mary
M. Rowland, Forest Service, Pacific Northwest Research Station; and Brian V. Smithers, Montana State University.
We thank the staffs of the Lassen and Modoc National Forests for their input during the process, and Dana Roth,
Pacific Southwest Region, for policy reviews. We express our gratitude to the many Forest Service employees

and private citizens for sharing photographs, and Loraine Zangger, Forest Service, and Jim Marin Graphics for
visualizations. This project was completed through the Forest Service Western Center for Native Plant Conservation
and Restoration Science; we thank Deborah M. Finch for her efforts to establish the Center and facilitating funding
for this synthesis through the Pacific Southwest Region.

Editors

R. Kasten Dumroese is a research plant physiologist, U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station, and director, Western Center for Native Plant Conservation and Restoration Science,
Moscow, Idaho.

W. Keith Moser is a research forester, U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station, Flagstaff, Arizona.



Foreword

We are pleased to introduce the Northeastern California Plateaus Bioregion Science Synthesis, the last in a series of
three science syntheses produced collaboratively by Forest Service research scientists and resource managers to support
forest plan revisions in the Pacific Northwest and Pacific Southwest Regions. These three publications synthesize the
best available scientific information relevant to the National Forests of both Regions. Development of these syntheses
provided a strategic opportunity for the Forest Service to leverage strengths across two different arms of the organization,
National Forest System (NFS) and Research and Development. As a science-based organization, the Forest Service is
committed to using best available science to inform our actions, and these syntheses were created in advance of revising
our forest plans to ensure we have a strong scientific foundation. Key topics addressed by these syntheses were identified
by the public and by Forest Service resource managers and scientists and refined through public engagement and
participation. The final documents are a result of meaningful input from the public and resource managers and serve as
testament to the collaborative process.

The Northeastern California Plateaus Bioregion Science Synthesis addresses the mostly dry ecosystems and species
assemblages found in Northeastern California, including unique pine forests and sagebrush rangelands; it also discusses
changing demographics in the context of socioeconomic resilience. In doing so, it fills a gap not met by the other two
science syntheses and completes the scientific picture that will inform modernization of our forest plans in the West.

We invite you to read and enjoy the Northeastern California Plateaus Bioregion Science Synthesis. As we continue

the process of revising our forest plans, we ask that you remain engaged with us. Working together, we can ensure the
plans provide for ecosystem and resource sustainability, meet the need for forest restoration and conservation, watershed
protection, and species diversity and conservation, and provide a sustainable flow of benefits, services, and uses of the
National Forest System that deliver jobs and contribute to the economic and social sustainability of communities.

Randy Moore, Regional Forester, Pacific Southwest Region

Glenn P. Casamassa, Regional Forester, Pacific Northwest Region

Paul D. Anderson, Acting Station Director, Pacific Northwest Research Station

Valerie D. Hipkins, Acting Station Director, Pacific Southwest Research Station

Monica M. Lear, Station Director, Rocky Mountain Research Station



Executive Summary

The Northeastern California Plateaus Bioregion Science Synthesis is organized into six sections (each with one or

more chapters) corresponding to five major topic areas identified by the staffs of the Lassen National Forest and

Modoc National Forest (hereafter the Lassen and Modoc) and refined through a facilitated public workshop held in
Susanville, CA, in December 2016. The overall objective of this synthesis is to address the unique habitats of the Lassen
and Modoc not addressed, or not fully addressed, by other science syntheses that have relevance to the Lassen and

the Modoc, and, together with those other syntheses, provide a science-based foundation for preparation of revised,
independent forest plans for these two forests.

Section One: Introduction

Chapter 1.1, The Northeastern California Plateaus Bioregion Science Synthesis: Background, Rationale, and Scope,
briefly discusses the forest plan process and why a science synthesis is the first step. This chapter also describes two
other science syntheses that are relevant to the Lassen and Modoc and details the coverage afforded by all three science
syntheses.

* In addition to this Northeast California Plateaus Bioregion Science Synthesis, the Science Synthesis to Support
Socioecological Resilience in the Sierra Nevada and Southern Cascade Range and the Synthesis of Science
to Inform Land Management Within the Northwest Forest Plan Area provide a science-based foundation for
developing forest plans for the Lassen and Modoc.

* Forest staffs and the public agreed that this synthesis should focus on dry-site ponderosa pine (Pinus ponderosa),
western juniper (Juniperus occidentalis), and sagebrush (Artemisia species) ecosystems to augment science
synthesized in the other two syntheses.

Section Two: Forestland

Chapter 2.1, Understanding and Managing the Dry Conifer Forests of Northeastern California, begins with a broad
discussion about the potential impacts of drought on Western forestlands, and then focuses in more depth on different
forest management tenets. The chapter discusses ponderosa and Jeftrey (Pinus jeffreyi) pine ecology, history, and how
those forests can benefit from silviculture, and concludes with discussion about the ecology and management of juniper-
dominated forestlands.

* Water supply, or the lack of it, is the major driver in defining ecosystems in the Interior West and, specifically,
Northeastern California.

* Western juniper, the only Juniperus species in Northeastern California, shares many characteristics with other
juniper species in the Great Basin and research on these species can offer insight into what the future might hold
for the Lassen and Modoc.

 Restoration guided by pre-European settlement structure and composition can create forests better able to
withstand fluctuations in climate.

* While novel combinations of future climate and past management history may occur, historical evidence can still
guide managers as they seek to manage such sites.

Section Three: Rangeland
Chapter 3.1, Perceptions and History of Rangeland, describes how rangeland management has been perceived in the
Western United States.

* Government policy promoted grazing on rangeland throughout the West.

 Grazing has been an important factor in the historical economic and social development of the Interior West and
the Lassen and Modoc in particular.
Chapter 3.2, Rangeland in Northeastern California, focuses on the interactions of climate, grazing, and carbon storage
on rangelands; the response of native plant communities, especially those dominated by annual invasive grasses, to
grazing; meeting rangeland management objectives; and restoring sagebrush ecosystems.



A high proportion of Northeastern California is rangeland.

* Sixty percent of the Modoc and 30 percent of the Lassen are classified as rangeland suitable for grazing.

» Wild horse (Equus ferus) populations can influence rangeland plant composition and biomass.

* Feral and domestic animal concentrations increase soil compaction and impact soil water retention and runoff.

* Reversing conifer encroachment has important effects on greater sage-grouse (Centrocercus urophasianus) and
other wildlife species.

Chapter 3.3, Weeds, Wheels, Fire, and Juniper: Threats to Sagebrush Steppe, reviews threats (and management
responses) to the sagebrush ecosystem, including invasive weeds, vehicles, fire, and conifer encroachment.

* Numerous invasive plants have displaced native plant communities throughout the rangeland of Northeastern
California.

* Cheatgrass (Bromus tectorum) is the most damaging invasive plant in the Great Basin Region, including
Northeastern California.

* Fire can control conifer encroachment but also can accelerate cheatgrass dominance where the invasive species is
present.

Chapter 3.4, Biological Soil Crusts, examines the ecology, threats, and restoration of the microorganisms associated with
biological soil crusts.

* Biological soil crusts (BSCs) commonly occur in arid environments.

* BSCs are a commonly neglected aspect of management.

» BSCs improve soil water retention and nutrient capture and retention.

* BSCs are easily damaged by disturbance, such as vehicle travel, and are difficult to restore artificially.

» Natural recovery of BSCs occurs via aerial deposition and depends on the severity and spatial distribution of the

initial disturbance.

Section Four: Habitat and Wildlife

Chapter 4.1, Biodiversity and Representative Species in Dry Pine Forests, examines the biodiversity of dry pine forests,
from fungi to herbaceous plants to invertebrates to three representative species of this habitat: black-backed woodpecker
(Picoides arcticus), flammulated owl (Psiloscops flammeolus), and gray wolf (Canis lupus).

* Dry pine forests provide a range of open and closed structure and a history of frequent low-intensity fires,
conditions that benefit specific species, including the three mentioned above. Variations in disturbance patterns
may impact the dry pine forest community; overgrazing risks accelerating the spread of invasive plants and fire
suppression risks reducing open forest structure.

 Black-backed woodpeckers are found in the Lassen and Modoc. They follow beetle outbreaks after fires and forage
on such sites for up to 10 years.

» Flammulated owls prefer forests that have large-diameter trees with cavities in which they can breed, and open
canopy structure that facilitates their hunting of arthropods.

* Populations of gray wolves are expanding and may soon affect local ungulate populations and behavior. Strategies
to prevent livestock depredation are critical before conflicts develop.

Chapter 4.2, Aquatic Ecosystems, Vernal Pools, and Other Unique Wetlands, focuses on the role and importance of
aquatic ecosystems, including lakes, vernal pools, fens, and swales to biodiversity, especially native trout and rare plants.

» Unlike the Pacific Northwest and the Sierra Nevada, the Modoc Plateau contains a greater number of ephemeral and
intermittent streams and wetlands, and many closed hydrologic systems.



» Land and water-use activities have negatively impacted several species of fish and two varieties of trout.

* Fens, bogs, and vernal pools are sensitive to grazing and mechanical disturbance.

Chapter 4.3, Sagebrush Rangelands and Greater Sage-grouse in Northeastern California, begins with a broad look at
sagebrush rangelands before focusing on greater sage-grouse; this bird’s health is considered by some as an indicator of
overall sagebrush ecosystem health.

» Sagebrush habitat in Northeastern California is imperiled by fragmentation, degradation, and conversion to other
uses, compounded by changing climate, grazing, and conifer encroachment.

» Between the early 1950s and the late 1980s, sagebrush populations declined 60 percent on the Lassen and 86
percent on the Modoc.

* Once-abundant populations of greater sage-grouse supported a hunting season, but now populations have declined
precipitously in sagebrush habitat in Northeastern California.

» Conifer encroachment is a serious influence on sagebrush extent and quality. Juniper distribution in the Interior
West has increased 3 to 10 times and abundance has increased 10 times.

Section Five: Society
Chapter 5.1, An Introduction to Social, Economic, and Ecological Factors in Natural Resource Management of
Northeastern California Public Lands, provides an overview of the section.

* Stressors on the forest ecosystems on the Lassen and Modoc will come from demographic trends and the demands
on ecosystem services from within Northeastern California and throughout the State.

* Measures of adaptation may be learned and practiced through community engagement and respect for multiple
cultures, particularly those of tribes.

Chapter 5.2, Demographic Trends in Northeastern California, focuses on current rural demographics in Lassen and
Modoc Counties and their expected changes, the impacts of prisons on local communities, and the decisionmaking
process managing natural resources.

» Lassen and Modoc Counties have been declining in population in recent decades and this decline is expected to
continue. Nearby urban areas, such as Reno, are expected to grow in area and population.

» The average parcel size of rural landowners is decreasing, portending potential impacts on landscape ecological
processes due to fragmentation.

» The presence of prisons affects the economic development potential and the political power of Lassen and Modoc
Counties.

Chapter 5.3, Ecosystem Services and Public Land Management, examines the social benefits provided by ecosystems, the
economic benefits of these services, and societal inputs into resource management.

» The changes in land use, economic activity, and social relations that accompany the shift from industrial extraction
to amenity value consumption now require public lands managers to simultaneously manage for ecological,
economic, and social concerns.

* Social demand for more conservation activities reflects the tension between increasing social value for open space
and declining ecosystem health.

» As more Californians adopt lifestyle values centered on amenity and investment, private land has shifted from
relatively few farmers and ranchers with large tracts of land to much smaller parcels owned by relatively more
landowners.

* A shift in community attitudes in recent years is changing from valuing fire suppression less to valuing fire
management more.



Chapter 5.4, Community Engagement in the Decisionmaking Process for Public Land Management in Northeastern
California, focuses on community engagement and how communities can participate in natural resource management
and use that engagement to resolve conflict.

* Historically, Northeastern California has had a strong timber industry that has declined in recent times. Another
extractive process, agricultural production, is still a predominant driver of the local economy.

» Over the years, decisionmaking authority concerning natural resource management policy and practice has shifted
from a centralized model to a more participative one.

» Complex land resource issues and the diverse social values make it challenging to engage the local community into
the decisionmaking process as it pertains to local ecosystem services.

* Subsistence gathering has an economic aspect and strong cultural connection that can influence public response to
management activities.

Chapter 5.5, Integrating Tribes and Culture Into Public Land Management, investigates how tribes value place, interact
with managers, and use fire management.

» Native American land management practices were historically not incorporated into public agency land
management decisionmaking, but that is changing as agencies become more receptive to traditional environmental
knowledge and indigenous land management practices.

» Environmental values can move beyond solely considering the consumptive aspects of land management and
can integrate detailed knowledge of regional ecological conditions with a conservation ethos, especially when
considering Native American cultural traditions of places and landscapes.

* Identity of place can be degraded by land management or resource allocation practices that fail to consider the
importance of a particular site to a community.

* Traditional environmental knowledge judges the success of conservation efforts as much by the outcome as by the
extent of community participation and the input from networks of localized knowledge.

Section Six: Responding to Disturbances

Chapter 6.1, Ecological Disturbance in the Context of a Changing Climate: Implications for Land Management in
Northeastern California, takes a broad look at various disturbance factors that are currently, or may in the future, affect
these ecosystems, how a changing climate interacts with those factors, and what possible management techniques could
be considered to mitigate disturbances.

* For Northeastern California, most climate models show rising temperatures, but precipitation may increase, remain
steady, or slightly decrease. Regardless, precipitation is expected to follow the Mediterranean pattern of most
precipitation falling in the winter months. With warmer temperatures, less precipitation will fall as snow.

* Historically, the Great Basin has experienced frequent droughts, some quite lengthy, yet for Northeastern California
the vegetation composition has remained relatively stable for at least the past 4,300 years.

» The distribution and range of sagebrush is closely tied to climate. Models based on climate and hydrology predict
areas that the amount of area in Northeastern California that is appropriate for sagebrush will increase and then
decrease in the future. Cheatgrass will continue to change sagebrush communities.

» A range of studies have been conducted examining modeled future climates and impacts on wildlife species. For
example, pika (Ochotona princeps) have come to be a model species for climate change in montane systems. Pika
have shown resilience with regards to invasive species as well as wildfire.

» The choice of seed source is for ecological restoration projects is complicated by climate change. It is unclear how
effective the current California Seed Zone Map will be given modeled future climates. Additional research is needed;
several new tools are available to assess how appropriate a seed sources is for a given planting site.

Vi
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Section 1. Introduction

Chapter 1.1. The Northeastern
California Plateaus Bioregion
Science Synthesis: Background,
Rationale, and Scope

R. Kasten Dumroese’

Introduction

Situated in Northeastern California, the Lassen National
Forest spans 1.2 million acres (485,625 ha) and the Modoc
National Forest another 1.65 million acres (667,730

ha), mainly in Lassen and Modoc Counties, but also
across portions of Butte, Plumas, Shasta, Siskiyou, and
Tehama counties. A unique blend of geology, topography,
elevations from 2,000 to 14,000 feet (610 to 4,270 m),
and climate have fostered immense biodiversity within
this area. On the western edge of these national forests,
the Cascade Range, characterized by steep changes in
elevation and a Mediterranean climate (cool, wet winters
and warm, dry summers), draws out the precipitation
from Pacific storms, leaving a rain shadow to the east.
The result is a rich vegetation gradient of mixed-conifer
forest, dry pine forests, oak savannahs, juniper woodlands,
and sagebrush steppe. In addition, fire, promoted by

the Mediterranean climate, further stimulates a mosaic

of vegetation across the landscape that supports a wide
variety of fauna. For more detailed descriptions of this
area, see Gonzales and Hoshi (2015a, b), Riegel et al.
(2006), and Skinner and Taylor (2006).

The Cascade Range, characterized by basalt parent
material, runs from southern British Columbia to just
south of Lassen Peak in Northern California, where it
transitions to the granite parent material of the Sierra
Nevada (fig. 1.1.1). In Northern California, the Cascade
Range receives abundant rain and snow, and supports rich,
mixed-conifer forests that supply valuable forest products

'R. Kasten Dumroese is a research plant physiologist, U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station and director,
Western Center for Native Plant Conservation and Restoration Science, 1221
South Main Street, Moscow, ID 83843.

Citation: Dumroese, R.K. 2020. The Northeastern California plateaus
bioregion science synthesis: background, rationale, and scope. In: Dumroese,
R.K.; Moser, W.K., eds. Northeastern California plateaus bioregion science
synthesis. Gen. Tech. Rep. RMRS-GTR-409. Fort Collins, CO: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research Station: 1-14.

USDA Forest Service RMRS-GTR-409. 2020.

and serve as the source of appreciable surface water. The
forests of the Cascade Range are home to several animal
species of concern, such as the northern spotted owl (Strix
occidentalis caurina) and Pacific marten (Martes caurina)
(Gonzales and Hoshi 2015a).

The Modoc Plateau, itself comprised of multiple plateaus
such as Devil’s Garden, is a broad transition zone from
the basalt parent material of the Cascade Range to the
sedimentary/alluvial parent materials of the Great Basin
(fig. 1.1.1; Fuller et al. 2015). The Modoc Plateau began
forming about a million years ago, when a long series of
gentle eruptions of smooth lava began flowing across the
landscape (see Peacock 1931). Because of its transitional
geologic state and location in the Cascade Range rain
shadow, much of the Modoc Plateau is exemplified

by ecosystems typical of the Great Basin (sagebrush
rangeland, shrub steppe, and juniper woodlands). These
ecosystems provide important habitat for wildlife species
that require sagebrush (Artemisia species), such as greater
sage-grouse (Centrocercus urophasianus), pygmy rabbit

Figure 1.1.1—The Lassen and Modoc National Forests are in
Northeastern California, where the Cascade Range, the Sierra
Nevada, and the Modoc Plateau intersect. Here the watershed
of the Pit River forms the headwaters of the Sacramento River,
one of the most important waterways in the State.



Figure 1.1.2—The wet meadows, vernal pools, and other wetlands of Northeastern California provide critical habitat for
resident and migratory birds, such as these sandhill cranes visiting Pine Creek Valley on the Lassen National Forest (photo by

Emmett Richards, Forest Service).

(Brachylagus idahoensis), pronghorn (Antilocapra
americana), and sagebrush sparrow (Artemisiospiza
nevadensis). Other wildlife, such as mule deer (Odocoileus
hemionus) and elk (Cervus canadensis), also make use of
this habitat. Vernal pools (temporary, seasonal wetlands)
support rare plants and animals and the biodiversity of
California’s vernal pools is noteworthy (e.g., King et al.
1996; Simovich 1998). Vernal pools help connect wetland
habitat along the Pacific Flyway and are thus important for
migrating birds such as sandhill cranes (Grus canadensis),
ducks, and geese (fig. 1.1.2).

The Modoc Plateau gives rise to the 3-million-acre
(1.2-million-ha) Pit River watershed that is critical to
wildlife and human sustainability (fig. 1.1.1). The upper
reaches of the watershed flow from the Warner Mountains,
forming the headwaters of the Sacramento River that
supplies about 20 percent of the water to the Sacramento
Basin, which in turns irrigates about 2.1 million acres
(850,000 ha) of agricultural crops (California Department
of Water Resources 1998; Gonzales and Hoshi 2015a). It
also supports many endemic and threatened aquatic species
(Gonzales and Hoshi 2015a; Moyle et al. 2011).

The Federal Government manages about 60 percent of
the Modoc Plateau, with about one-third managed by the

U.S. Department of Agriculture, Forest Service. Contained
within the footprint of the Lassen and Modoc National
Forests are 6 wilderness areas covering about 257,000
acres (104,000 ha). The Caribou, South Warner, and
Thousand Lakes wildernesses are managed by the Forest
Service, Ishi Wilderness is managed jointly by the Forest
Service and the U.S. Department of the Interior, Bureau
of Land Management and Lassen Volcanic Wilderness is
managed by the U.S. Department of the Interior, National
Park Service. Also within the footprint are the Lava Beds
National Monument (46,000 acres [18,615 ha]) and Lassen
National Park (106,000 acres [42,900 ha]), both managed
by the National Park Service.

Planning for the Future

A land management plan or “forest plan” guides how the
Forest Service manages the associated public lands and
natural resources for a period of 15 to 20 years. Following
mandates and provisions of the 1982 Planning Rule, the
forest plan for the Modoc National Forest (hereafter, the
Modoc) was completed in 1991, while the forest plan for
the Lassen National Forest (hereafter, the Lassen) was
completed a year later. Thus, it is time for both forests

to revise their existing forest plans to meet the legal
requirements of the National Forest Management Act
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of 1976 and incorporate changes in law, regulation, and
policy. The plan revisions will be guided by the 2012
Planning Rule (https://www.fs.usda.gov/planningrule),
which requires public and tribal input throughout a
multi-step process that embraces the fact that ecological,
social, and economic objectives are interrelated. Because
conditions have changed since the original forest plans
were written and because new science is available, the first
step is to prepare a science synthesis, guided by input from
the public, tribes, and forest staffs (fig. 1.1.3). Although the
Lassen and Modoc will each prepare an independent forest
plan, these neighboring forests have worked together on
this science synthesis because they share management of
unique geology and ecosystems.

What Is a Science Synthesis?

Scientists are continually learning and gaining new
understanding of the natural processes that affect
ecosystems, how humans influence ecosystems, and the
ways that society values what ecosystems provide. Since
the last forest plans for the Lassen and Modoc were
written, much new information has been discovered.
Combining these discoveries into a single document,
commonly referred to as a “synthesis,” requires reviewing
the best available scientific information. The goal of the
science synthesis is to combine the findings from the full
body of relevant science within a topic area (defined and
refined by input from the public, tribes, and forest staffs)
into a current, concise, comprehensive, and coherent

Figure 1.1.3—Forest plans are revised through a multi-step process that encourages public participation. The first step is
Pre-Assessment, which includes development of a science synthesis.
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overview that can be more readily interpreted and used
by forest staffs and stakeholders during the forest plan
process. In turn, the science synthesis will be followed by

additional opportunities for public input as the forest plans
develop (fig. 1.1.3). While science syntheses focus mainly

on broad, widely accepted and applicable concepts, this
synthesis also sought to incorporate research specifically
conducted on or near the Lassen and Modoc.

Best Available Scientific Information

In 4 Citizens’ Guide to National Forest Planning, the
Forest Service explains its definition of best available
scientific information (see textbox 1.1.1). In evaluating
science for inclusion in the synthesis, the Science

Team (comprised of seven Forest Service scientists
representing the Rocky Mountain and Pacific Southwest
Research Stations) that prepared this synthesis followed
an assessment hierarchy similar to that used in recent
science syntheses prepared in support of forest planning
in California, Oregon, and Washington (Long et al. 2014;
Spies et al. 2018). Peer-reviewed (refereed) journal
publications were the primary sources of information
because these publications are critically scrutinized by
independent reviewers (referees), usually anonymously,
to ensure that the study methods were well-developed,
appropriate, and with reasonable assumptions; data were
correctly analyzed; results were valid; the discussion
and conclusions were logical and supported by the data
collected, any information gaps and/or inconsistencies
were addressed, and the work is placed in the proper
context within the body of knowledge; and that the
references included the most recent, relevant, refereed
work as well as older, foundational studies. The Science
Team also examined publications having undergone
peer review but published in other formats, such as
government publications (e.g., Forest Service General
Technical Reports), conference proceedings, proceedings
from professional organizations, and university theses
and dissertations. Occasionally, unpublished government
reports were included too. During the initial public forum
and comment period (December 2016), participants
suggested nearly 60 publications to be considered in
addition to publications identified using Internet search

tools, such as Google Scholar and Web of Science, and the

Forest Service database, Treesearch (https://treesearch

fs.fed.us). More than 1,100 publications were reviewed in

the process.

Textbox 1.1.1—“The 2012 Planning Rule requires

the use of the best available scientific information

to inform planning and plan decisions. Science is a
dynamic process that builds knowledge and reduces
uncertainty by testing predictions; scientific information
can be considered the expanding body of knowledge
developed through the scientific process. Scientific
information comes in many forms, including social,
economic, and ecological information. Scientific
information comes from many sources—for example,
from peer-reviewed articles, scientific assessments,
expert opinion, and data in the form of monitoring
results. It also comes from information gathered during
public involvement efforts and traditional ecological
knowledge. What is the ‘best available scientific
information’? Generally, it is high-quality information
that results from well-developed and appropriate
methods, draws logical conclusions based on
reasonable assumptions, explains information gaps and
inconsistencies, has been appropriately peer-reviewed,
is placed in the proper context within the body of
knowledge, and cites references. Not all information,
however, needs to meet all of these characteristics to
be considered best available scientific information. At a
minimum, scientific information needs to be available,
accurate, reliable, and relevant. Available’ means

that the Forest Service does not need to create new
scientific information and conduct new research, but
simply should use information that currently exists.
Finally, one of the fundamentals to effective use of
scientific information is transparency in how it is used.
The 2012 Planning Rule requires the Forest Service

to document and summarize how the universe of best
available scientific information was identified and how it
informed the planning process.”

From: A citizens’ guide to national forest planning.
Prepared by the Federal Advisory Committee on
Implementation of the 2012 Land Management
Planning Rule. Version 1.0. Washington, DC: U.S.
Department of Agriculture, Forest Service, Washington
Office. September 2016. hitps://www.fs.usda.gov/
Internet/FSE_DOCUMENTS/fseprd520670.pdf.

Northeastern California Plateaus Bioregion
Science Synthesis

The goal of the Northeastern California Plateaus Bioregion
Science Synthesis (hereafter, Plateaus Science Synthesis) is
to address the unique niches of the Lassen and Modoc not
addressed, or fully addressed, by two previously completed
science syntheses that have relevance to the Lassen and
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Modoc. The first relevant synthesis is the Science Synthesis
to Support Socioecological Resilience in the Sierra Nevada
and Southern Cascade Range (hereafter, Sierra Nevada
Science Synthesis) published by Long et al. (2014), which
covered the nine national forests in California associated
with the Sierra Nevada, including the Lassen and Modoc
(see textbox 1.1.2). This comprehensive, two-volume
publication addressed the “forested mountains” (p. iv),
primarily the “conifer-dominated forest ecosystems” (p.

4) of the Sierra Nevada, the Southern Cascades, and the
Modoc Plateau. The second is the Synthesis of Science to
Inform Land Management within the Northwest Forest
Plan Area (hereafter, simply Northwest Forest Plan Science
Synthesis; Spies et al. 2018). Portions of this synthesis are
applicable because the Lassen and Modoc, according to

the 2018 data used in the Pacific Southwest Region of the
Forest Service for planning, have approximately 45,000 and
51,000 acres (18,210 and 20,640 ha; 3 and 3.8 percent of
the total landbase), respectively, included in the Northwest
Forest Plan Area. Moreover, the ecoregions (see textbox
1.1.3) associated with these designated acres (Level 111
Ecoregion 4) cover a much larger area of the Lassen (a total
of 585,000 acres [236,740 ha]).

Why Is Another Science Synthesis Needed?

Most commonly, national forests are supported in their
efforts to revise forest plans by a single science synthesis.
Because of their unique location on the landscape, portions
of the Lassen and Modoc were already addressed by

the Northwest Forest Plan and Sierra Nevada science
syntheses. Thus, during the initial stages of development,
the Plateaus Science Synthesis was referred to as the “Great
Basin Science Synthesis,” reflecting the known need to
address sagebrush rangeland (characteristic of the Great
Basin) not covered by the Northwest Forest Plan and Sierra
Nevada science syntheses. Early input from forest staffs,
tribes, local governments, and the general public showed,
however, that some forest landscapes that fell within the
defined scopes of the earlier syntheses were insufficiently
addressed and amply unique to require special attention,
thus pushing the scope of this effort beyond the Great
Basin definition (see Scope below). Some other topics not
included in the previous syntheses but deemed necessary
in order for the Lassen and Modoc to revise their forest
plans included juniper forestland, wild horses, greater
sage-grouse, and the effects of prison populations on local
demographics. Because plateaus are common landscape
features of the Lassen and Modoc, this effort was renamed
the Northeastern California Plateaus Bioregion Science
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Textbox 1.1.2—The ecological portion of Sierra
Nevada Science Synthesis drew heavily from Forest
Service General Technical Reports PSW-GTR-220
(North et al. 2009) and PSW-GTR-237 (North 2012)
that included substantial discussion about forest types
occurring in the Southern Cascades and the Sierra
Nevada and their fauna (e.g., fisher, Pacific marten,
northern spotted owl). The Sierra Nevada Science
Synthesis also made a substantial effort to address
social issues. The effects of grazing on wet meadows
and their restoration was the focus of Chapter 6.3
(Long and Pope 2014), and grazing on national forests
in California was described in Chapter 9.5 (Charnley
and Long 2014).

Textbox 1.1.3—Ecoregions are areas where ecosystems
(a biological community of interacting organisms and
their physical environment) are relatively similar. This
synthesis uses ecoregions, developed by Omernik
(1987) and widely used by many Federal agencies, to
provide a common point of reference because maps
and descriptions for California ecoregions (Griffith et

al. 2016) are readily available on the Internet (https:/
www.epa.gov/eco-research/ecoregion-download-files-
state-region-9#pane-04 or https://dx.doi.org/10.3133/
ofr20161021). Whereas Level 1 Ecoregions are the
broadest, most general descriptions of the landscape,
Level IV Ecoregions provide the most detailed
descriptions of particular portions of the landscape. See
Appendix 1.1 for descriptions of Level IV Ecoregions
used in this synthesis.

Synthesis to more uniquely describe the land base covered.
Therefore, the Lassen and Modoc will each establish

their revised forest plans drawing from all three science
syntheses as necessary and appropriate for different
portions of their landscapes (fig. 1.1.4).

Scope

To integrate all three syntheses and note where the Plateaus
Science Synthesis provides novel information beyond

the Northwest Forest Plan and Sierra Nevada science
syntheses, this synthesis divides the Lassen and Modoc
into four, necessarily broad, vegetation zones: (1) Southern
Cascades Forestland; (2) Sierra Nevada Forestland; (3)
Dry Pine Forestland; and (4) Juniper Forestland, Sagebrush
Rangeland, and Shrubland (fig. 1.1.5).


https://www.epa.gov/eco-research/ecoregion-download-files-state-region-9#pane-04
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Figure 1.1.4—A science synthesis searches the best available scientific information and condenses it into a current, concise,

comprehensive, coherent overview that staffs of national forests can then use to develop forest plans for their respective forests.
For this synthesis, the science team reviewed the best available scientific information for topics identified by staffs of the Lassen
and Modoc, tribes, local governments, and the general public, with specific focus on finding any relevant research conducted on
or near the Lassen and the Modoc. This synthesis, along with the other two science synthesis that have relevance to the Lassen
and Modoc (the Sierra Nevada and Northwest Forest Plan science syntheses), primarily deliver the broad, widely accepted and
applied concepts that provide a solid science-based foundation that the forest staffs can use as a starting point in the process to
revise their specific forest plans. The forest plans are more focused on the pragmatic specifics of the Lassen and the Modoc.

Southern Cascades Forestland

Both the Northwest Forest Plan Science Synthesis

and the Sierra Nevada Science Synthesis discuss the
forested landscapes of the “Southern Cascades.” The
Southern Cascades occur within the Level III Ecoregion

4 (Cascades) and are mainly represented by four Level IV
Ecoregions (see textboxes 1.1.3, 1.1.4, 1.1.5 and Appendix
1.1 for descriptions of Level IV Ecoregions used in this
synthesis). The Southern Cascades forest communities
move downslope from alpine zones through high-elevation
zones of mountain hemlock, lodgepole pine, white fir,

and Shasta red fir to mid-elevation forests of western
hemlock, western redcedar, incense cedar, white fir,

Shasta red fir, and Jeffrey pine to lower-elevation forests
of either ponderosa and Jeffrey pines, or ponderosa pine

and Douglas-fir mingled with California black and canyon
live oaks. Because of extensive coverage in the previous
syntheses, these forests are not discussed in the Plateaus
Science Synthesis. The exception is Level IV Ecoregion
4g (California Cascades Eastside Conifer Forest), which
is included in the Dry Pine Forestland category in the
Plateaus Science Synthesis (figs. 1.1.5 and 1.1.6).

Sierra Nevada Forestland

The Sierra Nevada Science Synthesis generally placed
the forests of the Lassen and Modoc in two categories:
Sierra Nevada forests and the forests of the Modoc
Plateau. The Sierra Nevada forests are represented by
Level III Ecoregion 5 (Sierra Nevada) with four Level
IV Ecoregions (see textbox 1.1.5) that generally pertain
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Figure 1.1.5—The Plateaus Science Synthesis delineates the Lassen and Modoc into four broad vegetation
zones: (1) Southern Cascades Forestland; (2) Sierra Nevada Forestland; (3) Dry Pine Forestland; and (4)
Juniper Forestland, Sagebrush Rangeland, and Shrubland. The Southern Cascades Forestland and the Sierra
Nevada Forestland were covered in previous syntheses; thus, the focus of the Plateaus Science Synthesis is
on Dry Pine Forestland and Juniper Forestland, Sagebrush Rangeland, and Shrubland.
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Textbox 1.1.4—Southern Cascades forest landscapes
included in the Northwest Forest Plan and Sierra
Nevada Science Synthesis generally represent these
ecoregions:

Level Il Ecoregion 4—Cascades
Level IV Ecoregions:
4e: High Southern Cascades Montane Forest

4f: Low Southern Cascades Mixed Conifer Forest
Service

4g: California Cascades Eastside Conifer Forest
Service

4h: Southern Cascades Foothills

See Appendix 1.1 for descriptions of these Level IV
Ecoregions.

Textbox 1.1.5—Sierra Nevada forest landscapes
included in the Sierra Nevada Science Synthesis
generally represent these ecoregions:

Level Il Ecoregion 5—Sierra Nevada
Level IV Ecoregions:
5c¢: Northern Sierra Upper Montane Forests
5d: Northern Sierra Mid-Montane Forests
5e: Northern Sierra Lower Montane Forests
5f: Northern Sierra Mixed Conifer-Pine Forests

Level Il Ecoregion 9—Eastern Cascades Slopes and
Foothills

Level IV Ecoregions:
9m: Warner Mountains
9n: High-Elevation Warner Mountains

9q: Adin/Horsehead Mountains Forest and
Woodland

See Appendix 1.1 for descriptions of these Level IV
Ecoregions.

to higher-elevation forests of Shasta red and white firs,
Jeffrey and sugar pines, incense cedar and quaking aspen;
mid-elevation forests of white fir, Douglas-fir, Jeffrey

pine, black oak, and tanoak; and lower-elevation forests of
Douglas-fir, ponderosa pine, canyon live, interior live, and
black oaks, and tanoak. Because of extensive coverage in
the previous syntheses, these forests are not discussed in
the Plateaus Science Synthesis. The Sierra Nevada Science
Synthesis also discusses forests on the Modoc Plateau;
these forests are included in Level III Ecoregion 9 (Eastern
Cascades Slopes and Foothills) and are mostly represented
by the higher-elevation forests of the Warner Mountains
(Level IV Ecoregions 9m, 9n) and the lower elevation
conifer forests (predominantly Level IV Ecoregion 9q).
These forests are chiefly lower-elevation communities of
ponderosa and Jeffrey pines and white fir transitioning to
forests of ponderosa, Jeffrey, and Washoe pines, quaking
aspen, and white fir on the Warner Mountains. Although
the forest staffs believed that the forests of the Warner
Mountains (Ecoregions 9m and 9n) were sufficiently
addressed by the Sierra Nevada Science Synthesis, they
also believed that the ponderosa and Jeffrey pine forests on
the remainder of the Modoc Plateau (Ecoregion 9q) should
be included as part of the dry pine forestland covered in the
Plateaus Science Synthesis (figs. 1.1.5 and 1.1.6).

Dry Pine Forestland

In this synthesis, dry pine forestland is defined as the
drier portions of the Southern Cascades and the forested
portions of the Modoc Plateau excluding juniper-
dominated stands (figs. 1.1.5 and 1.1.6). This forestland is
mainly ponderosa and Jeffrey pines.

Juniper Forestland, Sagebrush Rangeland, Shrubland

This broad vegetation zone embraces those ecosystems
more often associated with the Great Basin and not
covered by the Northwest Forest Plan and Sierra Nevada
science syntheses (figs. 1.1.5 and 1.1.6). Western juniper is
the predominant conifer, with rare occurrence of singleleaf
pifion.

Organization of the Plateaus Science Synthesis

The Plateaus Science Synthesis is organized into six
sections (each with one or more chapters) corresponding
to major topic areas defined through the initial public
workshop. The first section is this Introduction. The
second section, Forestland, has a single chapter (Chapter
2.1, Moser, this synthesis, Understanding and Managing
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Figure 1.1.6—This Venn diagram shows the scope of three science syntheses as they pertain to the Lassen and Modoc
National Forests. The Southern Cascades, which occur in both the Lassen and the Modoc, were part of the discussion within
the Northwest Forest Plan Science Synthesis. The Sierra Nevada Science Synthesis also discussed the Southern Cascades
as well as forests of the Sierra Nevada and the non-juniper-dominated forests of the Modoc Plateau. The Dry Pine Forestland
discussion in the Plateaus Science Synthesis augments discussion about the Southern Cascades in the Northwest Forest Plan
and Sierra Nevada science syntheses, particularly that of the California Cascades Eastside Conifer Forest (Level IV Ecoregion
49). The Dry Pine Forestland also includes discussion about forested landscapes on the Modoc Plateau discussed in the Sierra
Nevada Science Synthesis, notably those dominated by Jeffrey and ponderosa pines with some white fir (Level IV Ecoregion

9q; see textbox 1.1.6 for scientific names of tree species used in this chapter). Because neither of the previous syntheses
focused on either juniper-dominated landscapes or sagebrush rangelands, these ecosystems are a focus of the Plateaus

Science Synthesis.

the Dry Conifer Forests of Northeastern California)
devoted to understanding and managing the dry conifer
forests of the Lassen and Modoc. This chapter begins with
a broad discussion about the potential impacts of drought
on Western forestlands, and then focuses in more depth on
different forest management tenets. The chapter discusses
ponderosa and Jeffrey pine ecology, history, and how those
forests can benefit from silviculture, and concludes with
discussion about the ecology and management of juniper-
dominated forestlands.
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The third section, Rangeland, consists of four chapters.
The first chapter (Chapter 3.1, Warren, this synthesis,
Perceptions and History of Rangeland) briefly describes
how rangeland management has been perceived in the
Western United States. The second chapter focuses on the
interactions of climate change, grazing, and carbon storage
on rangelands; the response of native plant communities,
especially those dominated by annual invasive grasses, to
grazing; meeting rangeland management objectives; and
restoring sagebrush ecosystems (Chapter 3.2, Dumroese,
this synthesis, Rangeland in Northeastern California).



Textbox 1.1.6—Tree species mentioned in this chapter.
California black oak—Quercus kelloggii

Canyon live oak—Quercus chrysolepis
Douglas-fi—Pseudotsuga menziesii

Incense cedar—Calocedrus decurrens

Interior live oak—Quercus wislizeni

Jeffrey pine—Pinus jeffreyi

Lodgepole pine—Pinus contorta

Mountain hemlock—Tsuga mertensiana
Ponderosa pine—Pinus ponderosa

Quaking aspen—~Populus tremuloides

Shasta red fir—Abies magnifica

Singleleaf pinon—Pinus monophylla

Sugar pine—Pinus lambertiana
Tanoak—Notholithocarpus densiflorus

Washoe pine—Pinus ponderosa var. washoensis
Western hemlock—Tsuga heterophylla

Western juniper—Juniperus occidentalis
Western redcedar—Thuja occidentalis

White fir—Abies concolor

The third chapter (Chapter 3.3, Padgett, this synthesis,
Weeds, Wheels, Fire, and Juniper: Threats to Sagebrush
Steppe) reviews threats (and management responses) to the
sagebrush ecosystem, including invasive weeds, vehicles,
fire, and conifer encroachment. Chapter 3.4 (Warren, this
synthesis, Biological Soil Crusts) examines the ecology,
threats, and restoration of the microorganisms associated
with biological soil crusts.

The fourth section, Habitat and Wildlife, consists of
three chapters. The first chapter (Chapter 4.1, Hanberry
and Dumroese, this synthesis, Biodiversity and
Representative Species in Dry Pine Forests) examines the
biodiversity of dry pine forests, from fungi to herbaceous
plants to invertebrates to three representative species

of this habitat: black-backed woodpecker (Picoides
arcticus), flammulated owl (Psiloscops flammeolus),

and gray wolf (Canis lupus). Chapter 4.2 (Padgett, this
synthesis, Aquatic Ecosystems, Vernal Pools, and Other
Unique Wetlands) focuses on the role and importance of
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aquatic ecosystems, including lakes, vernal pools, fens,

and swales to biodiversity, especially native trout and rare
plants. The final chapter (Chapter 4.3, Dumroese, this
synthesis, Sagebrush Rangelands and Greater Sage-grouse
in Northeastern California) begins with a broad look at
sagebrush rangelands and then focus on greater sage-grouse
because some view the health of this species as an indicator
of overall sagebrush ecosystem health.

Society is the topic of the fifth section. Given that the
major focal point of new forests plans is management

of National Forest System lands so that they are
ecologically sustainable and contribute to social and
economic sustainability, this section addresses the subject
in five chapters. The first chapter provides an overview
of the section (Chapter 5.1, Flores, this synthesis, 4n
Introduction to Social, Economic, and Ecological Factors
in Natural Resource Management of Northeastern
California Public Lands). The second chapter (Chapter
5.2, Flores and Russell, this synthesis, Demographic
Trends in Northeastern California) focuses on current
rural demographics in Lassen and Modoc Counties and
their expected changes, the impacts of prisons on local
communities, and the decisionmaking process managing
natural resources. The third chapter (Chapter 5.3, Flores
and Haire, this synthesis, Ecosystem Services and

Public Land Management) examines the social benefits
provided by ecosystems, the economic benefits of these
services, and societal inputs into resource management.
Community engagement is the focus of the fourth chapter
(Chapter 5.4, Flores and Stone, this synthesis, Community
Engagement in the Decisionmaking Process for Public
Land Management in Northeastern California), and hones
in on how communities can participate in natural resource
management and use that engagement to resolve conflict.
How tribes value place, interact with managers, and use
fire management is the theme of the fifth chapter (Chapter
5.5, Flores and Russell, this synthesis, Integrating Tribes
and Culture Into Public Land Management).

Responding to Disturbances is the final section. Its single
chapter (Chapter 6.1, Wright, this synthesis, Ecological
Disturbance in the Context of a Changing Climate:
Implications for Land Management in Northeastern
California) takes a broad look at various factors that are
currently, or may in the future, affect these ecosystems,
how a changing climate interacts with those disturbances,
and what possible management techniques could be
considered to mitigate disturbances.
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Appendix 1.1 —Descriptions
(Griffith et al. 2016) of the Main
Level IV Ecoregions Found Within
the Broader Level lll Ecoregions
Occurring Within the Lassen and
Modoc National Forests.

Level lll Ecoregion 4—Cascades

4e

4f

12

The High Southern Cascades Montane Forest
Ecoregion is an undulating, volcanic plateau containing
isolated buttes, cones, and peaks. Some parts of the
region are glaciated. The terrain often is less dissected
than that of Ecoregion 4f. Elevations of Ecoregion

4e are generally intermediate to elevations in the

Low Southern Cascades Mixed Conifer Forest (4f)
and the Cascade Subalpine/Alpine (4d) ecoregions.

In California, elevations of the ecoregion are mostly
5,500 to 8,500 feet (1,676-2,591 m), but are lower in
Oregon at 4,000 to 8,200 feet (1,219-2,499 m). Cryic
soils support mixed-coniferous forests dominated by
mountain hemlock, lodgepole pine, and, in Oregon,
some Pacific silver fir; the soils are colder than the
mesic and frigid soils of the Low Southern Cascades
Mixed Conifer Forest Ecoregion (4f). White fir and
Shasta red fir also occur in the ecoregion, with some
grand fir in Oregon. This region has a longer summer
drought and more intermittent streams than the Cascade
Crest Montane Forest Ecoregion (4c) to the north in
Oregon and Washington.

The Low Southern Cascades Mixed Conifer

Forest Ecoregion generally is lower in elevation and
less rugged than the more highly dissected Western
Cascades Montane Highlands (4b) to the north in
Oregon. Although still mostly a mesic mixed-conifer
region, the climate is drier than in the Western
Cascades of Oregon (Ecoregions 4a and 4b), and the
vegetation reflects this. Western hemlock and western
redcedar, indicator species of Ecoregions 4a and 4b,
decrease in abundance southward in this ecoregion in
Oregon and are replaced by Sierra Nevada species,
such as incense cedar, white fir, Shasta red fir, and
Jeffrey pine that tolerate prolonged summer drought.
In California, shrubs such as manzanita and ceanothus
are common. Curlleaf mountain-mahogany, big
sagebrush, and antelope bitterbrush occur as well, with
their dispersion centers in the Great Basin regions
farther east. River and stream discharge is significantly

4g

4h

less than in systems to the north. Soil temperature
regimes are mesic and frigid, and the soil moisture
regime is xeric. Elevations in the California part of this
ecoregion are about 3,000 to 7,600 feet (914-2,316 m).

The California Cascades Eastside Conifer Forest
Ecoregion is drier than the other California Cascades
regions. It is dominated by ponderosa pine and, in
some areas where conditions are harsher, Jeffrey pine.
In lower, drier areas, the region blends into the western
juniper and sagebrush fields more typical of adjacent
Ecoregion 9. The region wraps around to the western
side (that is, the Mount Shasta foothills), as similar
dry conditions exist from the rain shadow cast by the
Klamath Mountains to the west. Elevations range from
3,000 to 7,100 feet (914-2,164 m).

The Southern Cascades Foothills Ecoregion of
volcanic hills and plateaus is mostly in the 2,000- to
4,000-foot (610—1,219 m) elevation range, stretching
from the town of Paradise in the south to the Pit River
in the north. It contains dry-mesic mixed-conifer
forest and lower montane black oak-conifer forest
and woodland. Ponderosa pine is abundant along with
some Douglas-fir, and, at higher elevations, white fir.
Hardwoods typically are black oak and canyon live
oak. Soil temperature regimes are mostly mesic with
some frigid, and soil moisture regimes are xeric.

Level lll Ecoregion 5—Sierra Nevada

5¢

5d

The Northern Sierra Upper Montane Forests
Ecoregion ranges in elevation mostly from 6,000

to 8,000 feet (1,829-2,438 m), and its forests have

a mix of conifers, including red fir, white fir, Jeffrey
pine, sugar pine, incense cedar, and some lodgepole
pine. Intermixed are areas of quaking aspen groves.
Some montane chaparral also occurs in areas of harsh
exposure, repeated fires, and clear cuts. Geology
types are mostly Mesozoic granitic rocks and Tertiary
volcanics, although in the north these occur along with
some areas of slate, sandstone, metavolcanics, and
metasedimentary rocks. Soil temperature regimes are
mostly frigid, with some cryic. Soil moisture regimes
are mostly xeric, but are udic in areas where snow
persists through spring.

In contrast to the volcanic and granitic rocks of
similarly zoned Ecoregion 5g to the south, in the
Northern Sierra Mid-Montane Forests Ecoregion,
metamorphic rocks are abundant, with Paleozoic
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metasedimentary argillite, phyllite, and quartzite, and
some metavolcanics, as well as Mesozoic peridotite
and serpentine. Elevations range mostly from 3,000 to
6,000 feet (914—1,829 m), with some lower west-end
canyon elevations. This higher-elevation mixed-conifer
forest has more white fir and Douglas-fir and less
ponderosa pine than in the lower-elevation Ecoregion
Sh to the south. Jeffrey pine occurs on ultramafic rocks
and some drier areas to the east. Black oak and tanoaks
are common hardwoods, along with canyon live oak.
Soil temperature regimes are mostly mesic and soil
moisture regimes are mostly xeric.

S5e Generally lower in elevation than adjacent Ecoregion
5d, the Northern Sierra Lower Montane Forests
Ecoregion has a mix of montane hardwood, montane
hardwood-conifer, and mixed-conifer forests.
Elevations range mostly from 2,000 to 4,000 feet
(610-1,219 m), with a few higher areas. Ecoregion 5e
has less ponderosa pine than Ecoregions 5h and 5n to
the south. Douglas-fir is a more widespread conifer,
and hardwoods include canyon live oak, interior live
oak, black oak, and tanoak. Annual precipitation is
somewhat higher than in Ecoregion 5Sh immediately
to the south. Geology is a complex mix of Mesozoic
granitic rocks, Jurassic to Triassic metavolcanics, and
some Mesozoic to Paleozoic metasedimentary and
ultramafic rocks.

5f The Northeastern Sierra Mixed Conifer-Pine
Forests Ecoregion includes many of the drier eastside
forests of the Northern Sierra Nevada that occur north
of Bridgeport, in the Lake Tahoe area, and to the
northern extent of the Sierra near Susanville. These
are mid-elevation dry forests, typically between 5,000
and 8,000 feet (1,524-2,438 m), with a diverse mix of
conifers, such as Jeffrey, ponderosa, and sugar pines;
incense cedar; and California white fir. The understory
can include sagebrush, antelope bitterbrush, and a
fire-maintained chaparral component of snowbrush and
manzanita. Soil temperature regimes are frigid and soil
moisture regimes are mostly xeric.

Level lll Ecoregion 6—Central California
Foothills and Coastal Mountains

6a The Tuscan Flows Ecoregion is a gently southwest-
sloping plateau with some steep canyons and a
few steep volcanic cones. Although the region is
geologically related to the southwestern end of the

USDA Forest Service RMRS-GTR-409. 2020.

Cascades Ecoregion (4), it has ecosystem similarities
to the Sierra Nevada foothills part of Ecoregion 6. Blue
oak woodlands, annual grasslands, and foothill pine
occur.

Level lll Ecoregion 9—Eastern Cascades
Slopes and Foothills

9¢

%h

9

The Klamath/Goose Lake Basins Ecoregion
covers river floodplains, terraces, and lake basins.
Various wildrye, bluegrass, hairgrass, sedge, and
rush species once covered the basins, but most of
the wet meadows and wetlands have been drained
for agriculture. Sagebrush and bunchgrass occur on
most of the upland areas. Several marshland wildlife
refuges here are critical to preserving the regional
biodiversity, particularly for at-risk bird and fish
species. In California, Butte Valley also is included in
the ecoregion. Although the Butte Valley area differs
somewhat from the Lower Klamath and Tule Lake
Basins, it also has pasture and cropland.

The Fremont Pine/Fir Forest Ecoregion occurs
mostly in Oregon, with a small area west of Goose
Lake in California. It contains mid-elevation mountains
and high plateaus that rarely exceed timberline.
Closed-canopy forests contrast with the savanna of the
Klamath Juniper Woodland/Devil’s Garden Ecoregion
(9j). Ponderosa pine is widespread, but white fir, sugar
pine, lodgepole pine, and incense cedar also grow at
elevations greater than 6,500 feet (1,981 m) and on
northern slopes. Residual soils are common in contrast
to ecoregions farther north in Oregon where residual
soils have been buried by pumice and ash. Ecoregion
9h has a high density of lakes and reservoirs.

The Klamath Juniper Woodland/Devil’s Garden
Ecoregion is composed of undulating hills, benches,
and escarpments covered with a mosaic of rangeland
and woodland. Western juniper grows on shallow,
rocky soils with an understory of low sagebrush,
mountain big sagebrush, bitterbrush, and bunchgrasses.
Other shrubland/grasslands include shrub species
uncommon in eastern Oregon, such as woolly mule-
ears, Klamath plum, and birchleaf mountain-mahogany.
The diverse shrublands provide important wildlife
habitat. Reservoirs dot the landscape and are important
to lowland irrigation. Soil temperature regimes in the
California part of Ecoregion 9j are mesic, whereas soil
temperatures in the Oregon part are mesic and frigid.
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The Devil’s Garden place name appears on topographic
maps in both States, 60 miles (97 km) apart.

9m The Warner Mountains Ecoregion comprises the low

9n

90

9p

14

to mid-elevations of the Warner Mountains. In contrast
to the mesic soils of the surrounding lower ecoregions,
soil temperature regimes here are frigid. Soil moisture
regimes are xeric. Vegetation includes big sagebrush,
low sagebrush, perennial bunchgrasses, and western
juniper at low elevations. At higher elevations,
ponderosa pine, Jeffrey pine, Washoe pine, aspen, and
white fir are common. Streams on the western side of
this fault-block mountain drain to Goose Lake or the
Pit River, and streams on the eastern side, which are
much shorter, drain to Surprise Valley in Ecoregion 80.

The High-Elevation Warner Mountains Ecoregion

is a subalpine/alpine area that ranges in elevation from
about 7,800 to 9,892 feet (2,377-3,015 m) at Eagle
Peak. This high-elevation zone contains aspen and
lodgepole pine, with whitebark pine as the primary
subalpine and timberline tree above about 8,500 feet
(2,591 m). Drought-tolerant alpine cushion plants

also occur. Soil temperature regimes are cryic. Annual
precipitation is about 28-32 inches (711-813 mm) with
deep winter snow.

The small Likely Tableland Ecoregion is a gently
sloping footslope west of the Warner Mountains

(9m). Relief is only about 100-300 feet (30.5-91 m).
Elevations range from 4,500 to 5,500 feet (1,372—1,676
m). The sagebrush and grassland of Ecoregion 90
contrast with the adjacent higher relief hills and
mountains of Ecoregion 9p that have abundant pifion-
juniper woodland and some pine. Annual precipitation
is only 12—15 inches (305-381 mm). The Quaternary
andesite and basalt are younger than the Tertiary
volcanics of Ecoregion 9p. Some perennial streams
cross the region from the Warner Mountains to the Pit
River. Soil temperature regimes are mesic and moisture
regimes are aridic and xeric.

The Modoc/Lassen Juniper-Shrub Hills and
Mountains Ecoregion is a faulted and eroded volcanic
plateau with many volcanic hills and mountains. Soil
temperature regimes are mesic and frigid. Soil moisture
regimes are mostly xeric and aridic. Vegetation is
mainly western juniper, big sagebrush, and perennial
bunchgrasses. On the higher-elevation mountains,
however, some small areas of Jeffrey pine, ponderosa
pine, and white fir occur. There are few streams and

9q

Or

9s

most of those are dry during summer. Streams that
flow from the ecoregion drain to either the Pit River,
the Madeline Plains, or in the south, to the Honey Lake
Valley.

The Adin/Horsehead Mountains Forest and
Woodland Ecoregion consists of mountains to the
north, east, and south of Big Valley. Elevations range
from about 5,000 to 7,036 feet (1,524-2,145 m).
Ecoregion 9q has more pine and mixed-conifer forest
than the drier Ecoregion 9p to the east or the adjacent
lower Ecoregion 9r. Soil temperature regimes are frigid
and mesic and soil moisture regimes are mostly xeric.
Vegetation is a mix of Jeffrey pine, ponderosa pine,
and some white fir, and at low elevations, western
juniper, big sagebrush, birchleaf mountain-mahogany,
and other deciduous shrubs. There are a few streams
and springs, but almost no lakes.

The Adin/Dixie Low Hills Ecoregion consists of hills
and lava plateaus to the west of Ecoregion 9q that are
lower in elevation (4,000—6,000 feet; 1,219-1,829 m)
with less relief. The vegetation is mostly big sagebrush,
low sagebrush, and scattered junipers, and generally
lacks the pine of the nearby mountain ecoregions

(99, 4g). Soil temperature regimes are mesic and soil
moisture regimes are xeric. Some streams cross the
ecoregion to the Pit River, and several small shallow
reservoirs occur here. Ranching and livestock grazing
are predominant land uses.

The Modoc Lava Flows and Buttes Ecoregion is

a volcanic plateau surrounding the Medicine Lake
Highlands of the Cascades Ecoregion (4). It is lower
and drier than those highlands, with more juniper

and pine. Soil temperature regimes are mesic and

soil moisture regimes are aridic and xeric. Vegetation
includes western juniper, big sagebrush, and native
perennial grassland. Water drains down through joints
in the basalt rock to the groundwater reservoir, limiting
overland flow of water and development of stream
channels on the plateau.
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Section 2. Forestland

Chapter 2.1. Understanding and
Managing the Dry Conifer Forests of
Northeastern California

W. Keith Moser'

Introduction

The volcanic soils of the Southern Cascades and the
Modoc Plateau support a diverse assemblage of conifer
species. On the western slopes of the Southern Cascades,
Douglas-fir (Pseudotsuga menziesii), ponderosa (Pinus
ponderosa) and lodgepole (Pinus contorta) pines,

and white (4bies concolor) and Shasta red firs (4bies
magnifica) are common, whereas ponderosa and Jeffrey
(Pinus jeffreyi) pines inhabit the drier east slopes. Eastern
slopes and valleys commonly contain big sagebrush
(Artemisia species) and western juniper (Juniperus
occidentalis) habitats. The Great Basin, with its high desert
plant assemblages of sagebrush- and shrub-steppe and
pifion-juniper woodlands extends onto the Modoc Plateau
in Northeastern California, where the pifion pine (as Pinus
monophylla) component is rarely represented. These
communities are shaped by patterns of fire frequency

and intensity, successional dynamics and community
structure, and soil type and quality (Gonzales and Hoshi
2015). As discussed in Chapter 1.1 (Dumroese, this
synthesis, The Northeastern California Plateaus Bioregion
Science Synthesis: Background, Rationale, and Scope),
forest staffs and the public commented that portions of

the forest and woodland ecosystems of the Lassen and
Modoc National Forests (hereafter, the Lassen and Modoc)
required attention beyond what was provided by two other
syntheses that included these forests: the Science Synthesis
to Support Socioecological Resilience in the Sierra Nevada
and Southern Cascade Range (hereafter, Sierra Nevada
Science Synthesis) published by Long et al. (2014) and the
Synthesis of Science to Inform Land Management Within
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Flagstaff, AZ 86001.

Citation: Moser, W.K. 2020. Understanding and managing the dry conifer
forests of Northeastern California. In: Dumroese, R.K.; Moser, W.K., eds.
Northeastern California plateaus bioregion science synthesis. Gen. Tech. Rep.
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the Northwest Forest Plan Area (hereafter, Northwest
Forest Plan Science Synthesis) published by Spies et

al. (2018). These two valuable syntheses serve both to
geographically frame the region that will be discussed in
this Northeastern California Plateaus Bioregion Science
Synthesis (hereafter, Plateaus Science Synthesis) and
provide an excellent template for this author to adapt to the
needs of the Lassen and Modoc.

National forests provide many different benefits to the
Nation, including biodiversity, recreation (fig. 2.1.1.) and
economic values. Often these benefits can be achieved
through compatible management strategies; in other
instances, priorities must be identified. This chapter does
not seek to prioritize any benefits or actions as that process
is more properly dealt with in the forest plan. However,
no benefits will be provided in the future if forested
ecosystems are no longer vigorous and productive. Given
the diverse land use histories and diverse expectations
about future climatic scenarios, this chapter will focus

on what is known about the science of restoration in
ecosystems in the Great Basin side of the Lassen and
Modoc National Forests (see textbox 2.1.1 and see the
discussion on restoration found later in this chapter).

This discussion is often framed using examples, where
appropriate, from similar ecosystems elsewhere in the

Figure 2.1.1—Fall colors in the Granger Canyon, Modoc
National Forest. Given the importance of recreation on our
national forests, managing scenic diversity is an important
component of resource decision making (photo by Ken
Sandusky, Forest Service).
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Great Basin with the goal of enhancing these ecosystems
to be resistant to those disturbances they can resist and be
resilient in the face of disturbances they cannot.

Based on the input during the public scoping process
and from staffs of the Lassen and the Modoc, this
chapter focuses on three issues in the context of dry-site
ponderosa/Jeffrey pine and juniper woodlands:

* Pre-European settlement conditions and how they might
guide current management,

* Fire history and its impact on current and future
structure and composition, and

¢ In the face of changing climate, wildfire patterns, and
local needs, how to increase resilience and resistance
(see Resistance and Resilience below for definitions).

Textbox 2.1.1

¢ Restoration is the “resetting the ecological clock™
the returning of an ecosystem to a composition and
structure that predates the disturbance.

¢ Rehabilitation repairs damage but does not focus
on creating the former state.

¢ Reallocation may mend damage but pushes the
ecosystem to an alternative land use or system.
Millar et al. (2007) call this last action a “response,’
the transitioning of an ecosystem from the present
undesirable or unsustainable state to new conditions.

¢ All three of these processes can involve Repair,
which covers a variety of remediative actions,
whether focused on the species, landscape, or
ecosystem level.

¢ Hobbs and Cramer (2008), North et al. (2009b),
and others presented a more detailed elaboration of
restoration processes.

Topics Covered Under the Previous Syntheses

The Northwest Forest Plan Science Synthesis and the
Sierra Nevada Science Synthesis have extensive coverage
of important forest types that occur on the Lassen and the
Modoc (fig. 2.1.2). Specifically, the forest types defined
by Level IV Ecoregions 4e (High Southern Cascades
Montane Forest), 4f (Low South Cascades Mixed-Conifer
Forest), 4g. (California Cascades Eastside Conifer Forest),
and 4h (Southern Cascades Foothills) were covered under
the Northwest and Sierra Nevada science syntheses (see
Appendix 1.1 in Chapter 1.1, Dumroese, this synthesis,
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The Northeastern California Plateaus Bioregion Science
Synthesis: Background, Rationale, and Scope for full
ecoregion descriptions). In addition, the Sierra Nevada
Science Synthesis discussed several other forested
ecoregions, especially those of Level III Ecoregion 4
(Sierra Nevada). Thus, the focus of this synthesis is largely
on the Level IV Ecoregions that the public and forest stafts
believed needed additional attention: eastside mixed-
conifer forests (4g, 9q; mainly mixtures of ponderosa and
Jeffrey pines) and juniper woodlands (9j) (fig. 2.1.3).

The Effect of Drought on Structure and
Composition in Dry Forests

Any discussion of Great Basin ecosystems must
acknowledge the limited annual precipitation coupled

with hot summer temperatures that results in high

rates of evapotranspiration and subsequent plant stress
(Houghton et al. 1975). Water availability is one limit to
the growing space of a tree or stand (Oliver and Larson
1996) and a combination of individual tree, species, and
stand characteristics determines the landscape response

to drought events. Fluctuations in climatic variables,
including precipitation, place demands upon natural
ecosystems; ecosystems are subject to even greater
demands if they have been influenced by past management
actions, including livestock grazing and fire suppression.
Weather variability can create conditions that set up forests
for a fall. For example, the climate of the Sierra Nevada
since 1850 has been warmer and wetter than between 1650
and 1850 (Stine 1996, cited in Raumann and Cablk 2008),
favoring conifer establishment and expansion. Even short-
term fluctuations can result in severe disturbance events.
For example, in Florida the above-average precipitation

in winter 1997-98 resulted in a flush of ground vegetation
growth that was all the more susceptible to the subsequent
spring-summer drought, resulting in the most severe
wildfire season in the State’s history (Butry et al. 2001).

Temperature exacerbates any decrease in precipitation.

A key element of any discussion of drought-influenced
mortality in the Western United States is the expectation
of higher temperatures during this century compared to
the climate normal. Drought stress is a function of the
high drying power of air (vapor pressure deficit or VPD)
as well as lower available soil moisture. Vapor pressure
deficit increases with increasing temperature and reduced
relative humidity (Bradford and Bell 2017; Pallardy
2008). Average temperatures in the region are projected to
increase by 3.2 to 4.3 °F (1.7 to 2.2 °C) by 2070 compared
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Figure 2.1.2—Mount Shasta from Happy Camp on the Modoc National Forest. Northeastern California is situated at the
intersection of the Southern Cascades, the northernmost Sierras, and the western arm of the Great Basin (photo by Chris
Bielecki, Forest Service).

Figure 2.1.3—Ecosystem delineations used in the Northwest Forest Plan, Sierra Nevada, and Plateaus science syntheses.
Because portions of the Northwest Forest Plan and Sierra Nevada Science Synthesis adequately covered the Lassen and
Modoc National Forests, the Plateaus Science Synthesis focuses mainly on Dry Pine Forestland and Juniper Forestland,
Sagebrush Rangeland, and Shrubland.

USDA Forest Service RMRS-GTR-409. 2020.
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to the historical baseline of 1979-2009, and average
precipitation is projected to decrease by 2 inches (5 cm)
by 2100 ((Gonzales and Hoshi 2015; PRBO Conservation
Science 2011).

Species Shift

A study of large trees and seedlings on U.S. Department
of Agriculture, Forest Service, Forest Inventory and
Analysis (FIA) plots found that climatic influences
resulted in contractions and shifts of species, more so
for montane species than subalpine (Bell et al. 2014).
Twenty-nine percent of the contractions were movements
away from warmer climates, perhaps reflecting the
influence of increased winter precipitation. Although
greater winter precipitation can aid the growth of

large trees, it generally does not help with seedling
establishment and growth, which are much more
dependent on summer season precipitation due to the
reduction of winter soil moisture before the growing
season temperatures arrive (Pearson 1920).

Projections of future changing climate suggest that

many variables will be altered, as has happened during
climate events of the past. Some of these will be changes
in absolute and seasonal precipitation and temperature,
variability, and extremes. Depending upon the temperature
variations, some of the changes in vegetation may be quite
dramatic. Disturbances such as severe fire may accelerate
these changes that might otherwise lag the temperature
differences (Nolan et al. 2018). Projected temperatures
may particularly affect vegetation composition and
structure. The resulting vegetation communities may

be quite novel in their makeup. Given the rapidity of
projected change, some of the vegetation states may be
quite temporary, with some projecting ecosystem stability
being reached only in the 22nd century (Nolan et al. 2018).

Despite the potential for long-term increased temperature
and drought to eliminate a species or even an ecosystem,
particularly at the edge of its range (Bradley 2010;

Miller and Wigand 1994), a more probable outcome

is a modification of the composition and structure of
landscapes currently forested (Clark et al. 2016). Drought-
influenced mortality occurs more rapidly under higher
temperatures (Vankat 2013). But projected environmental
conditions, especially drought, are difficult to model
because of the novelty of future climate scenarios and
the complexity of interactions among climate, land use
history, and disturbance.
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In the Western United States, widespread drought coincides
with a decline in tree growth (Clark et al. 2016), although
not all drought events necessarily result in mortality (Van
Gunst et al. 2016). Despite ponderosa pine’s superior
stomatal control and resistance to cavitation (the formation
of embolisms within the plant’s water-conducting tissues
that cause hydraulic failure) (Maherali and DeLucia 2000),
dry forest ecosystems can be susceptible to further droughty
conditions (Bradford and Bell 2017), either through
cavitation or carbon starvation, as the frequently closed
stomata do not permit enough carbon uptake to maintain
the system (North et al. 2009a). High temperatures during
the growing season combined with reduced precipitation in
the winter and early spring can explain much of the reduced
growth rates of conifers in the Southwestern United States
(Williams et al. 2013).

Competition for soil moisture can intensify the nominal
effects of a drought. A comparative study of ponderosa
pine in Arizona and South Dakota and red pine (Pinus
resinosa) in Minnesota found that trees in low-density
treatments displayed higher resistance and resilience to
drought than trees in higher density treatments (Bottero

et al. 2016). That study reported a negative relationship
between growth and resistance and resilience to drought
and tree population. Thinnings that reduce density can
increase resistance and/or resilience to drought, at least for
younger or smaller trees (D’ Amato et al. 2013). Bradford
and Bell (2017) found that tree mortality was positively
related to temperature extremes and negatively related to
winter and spring precipitation. Without the influence of
other climatic factors, most of the species being studied
displayed a strong relationship between mortality and
density. Actions that target timber yields or fuels reduction,
such as density reduction or prescribed fires, can also result
in reduced drought vulnerability as fewer surviving trees are
competing for a fixed amount of soil moisture. Multi-aged
management can also create diverse size and age classes
and therefore distribute risk (Clark et al. 2016; O’Hara
2002). But density reduction and similar measures may
produce undesirable results, such as increased transpiration
from larger trees with larger leaf/sapwood ratios (Clark

et al. 2016) and temporary higher respiration loads of the
remaining trees in newly thinned stands (Pallardy 2008)
that can cause tree stress. In most pifion-juniper ecosystems,
severe drought can result in the removal (by death) of
water-demanding pifion. Thinning systems can certainly
emulate this process and seek to favor more drought-
tolerant species such as western juniper (Clark et al. 2016).
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Researchers have a substantial understanding of the effects
of drought on individual trees but less of an understanding
about drought effects on communities or landscapes.
Higher levels of carbon dioxide can increase water-use
efficiency in drier areas, spurring further increases in the
extent of woody encroachment into grasslands (Bradley
2010). Individuals in the canopy that might respond
positively to favorable growing conditions are affected

as well by neighbors that might also respond to those
growing conditions (Clark et al. 2016). Any of several
paradoxical outcomes may ensue. Faster growing trees
might reach resource limitations more quickly, resulting in
competition-induced mortality (Assmann 1970; Clark et al.
2016). Conversely, drought can slow growth and therefore
reduce competition-induced mortality. The reduced vigor,
however, can increase vulnerability to forest health issues,
such as declines or even direct insect or disease attack
(Manion 1991), as many pathogens can tolerate water
stress better than the host trees (Clark et al. 2016).

Eastside Ponderosa Pine Forests’

Pre-European Settlement Conditions and How They
Might Guide Current Management

Ponderosa pine occurs throughout the Western United
States, with its greatest extent in Northeastern California

(5 million acres, or 2.1 million ha) and the Northwestern
Inland West (Graham and Jain 2005). Two varieties

exist: the Rocky Mountain variety (Pinus ponderosa var.
scopulorum), and the Pacific variety (Pinus ponderosa

var. ponderosa), which ranges from British Columbia to
California and Northwest Nevada (USDA NRCS 2017). It
is generally believed that prior to Euro-American settlement
(hereafter, simply “presettlement”) ponderosa pine forests
throughout the species’ range were composed of large trees
randomly distributed in an open, “park-like” stand of clumps
at a large scale with few seedlings and saplings below the
canopy (Sudworth 1900). The stands were believed to be
uneven-aged, with occasional large individual trees 400 to
600 years old, which made them popular as witness trees in
the region (Youngblood et al. 2004). Small gaps of even-
aged cohorts were common (Crotteau and Ritchie 2014;
Safford and Stevens 2017) although the frequent low- and
moderate-severity events that historically occurred left more
of a fine-grained pattern on the landscape that is difficult to
assess years later (Safford and Stevens 2017).

The trees were large. One traveler in the area of the Lassen
National Forest observed a stand of pines that had trees
more than 10 feet (3 m) in diameter and up to 200 feet (61
m) tall (Reed and Gaines 1949; Safford and Stevens 2017).
Van Hooser and Keegan (1988) found ponderosa pines in
California exceeding 6 feet (183 c¢cm) in diameter. While
many might picture a balanced uneven-aged forest to

have a reverse-J-shaped diameter distribution (de Liocourt
1898), Safford and Stevens (2017) point out that this is the
distribution for an undisturbed forest. Historical studies
found a flat or hump-shaped diameter distribution in old-
growth forests with frequent low-severity fires (Lydersen
and North 2012; North et al. 2007; Oliver 2001) and others
as cited in Safford and Stevens (2017). Oliver (2001)
demonstrated prescriptions for converting a J-shaped
diameter distribution into a hump-shaped diameter
distribution using fire. Taylor (2010) observed similar
results from fire on studies on Beaver Creek and Devil’s
Pinery on the Lassen National Forest.

Ponderosa pine is an intermittent seeder (Bailey and
Covington 2002; Savage and Swetnam 1990; White
1985). The study of old-growth stands by Youngblood et
al. (2004) found that seed crops occurred about every 4

to 5 years with at least one seed crop every decade since
1850. Taylor (2010) found adequate seed crops occurring
every 2 to 3 years. Due to above-normal precipitation from
the middle of the 19th century through the second decade
of the 20th century (Graumlich 1987; Taylor 2010), a
higher proportion than normal of the seedfall successfully
germinated (Garfin and Hughes 1996; Youngblood et

al. 2004). As ponderosa pines often establish in gaps
created by the death of one or more trees in the overstory,
ponderosa pine forests start out as clumped. As they age,
within-species competition thins them to a wider and more
random pattern across the stand (Youngblood et al. 2004).

The species has evolved to survive in a fire-maintained
ecosystem. Trees as small as 2 inches (5 cm) in diameter
breast height (d.b.h.) can withstand the heat from most
surface fires thanks to thick, insulating bark (Graham and
Jain 2005). Bailey and Covington (2002) found 10-foot-
tall (3-m) saplings with 4 inches (10 cm) of root collar
diameter are fire resistant.

Although historical ponderosa pine forests may have been
multi-aged, they did not necessarily have a multi-layered

'A comprehensive summary of ponderosa pine forests in Northern California can be found in Safford, H.D.; Stevens, J.T. 2017. Natural range of variation for yellow
pine and mixed-conifer forests in the Sierra Nevada, southern Cascades, and Modoc and Inyo National Forests, California, USA. Gen. Tech. Rep. PSW-GTR-256.
Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Research Station. 229 p
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canopy. O’Hara et al. (1996) referred to such a structure
as “old forest single stratum” (Youngblood et al. 2004).
Munger (1917) observed ponderosa pine stands containing
12 to 40 trees of 12-inch (30.5 cm) diameter or larger

per acre (30 to 99 trees per hectare [tph]) with very few
seedlings or saplings in the understory (Fitzgerald 2005).
On a protected old-growth site on the Blacks Mountain
Experimental Forest in the Lassen, Youngblood et al.
(2004) measured an overall density of 20 = 1.4 trees per
acre (50 + 3.5 tph) with a mean diameter of about 24
inches (about 60 cm), with the distribution range from

10 to 49 inches (25 to 125 cm) d.b.h. These results were
comparable to a study of an old-growth stand in Northern
Arizona of 26 + 2.8 trees per acre (65 + 7 tph) (Covington
et al. 1997), where fire has historically been the key
disturbance (Moore et al. 1999).

Ponderosa Pine and Spacing

The mosaic of open space and grouping that Youngblood
et al. (2004) observed most likely affords some resistance
to fire by breaking up the canopy and reducing the
vulnerability to crown fires (Fitzgerald 2005). Youngblood
et al. (2004) found that no more than 3 to 15 percent of
presettlement old-growth ponderosa pine forests in the
Eastside Cascades of Oregon and California still existed.
Their study of three old-growth forests in eastern Oregon
and Northeastern California found that on two of the
forests, at small scales, overstory trees were randomly
distributed, and at larger scales, the trees were clumped,
with the maximum radius of the clump being 70 to 80 feet
(22 to 24 m). Trees in the upper canopy class that were
aged were almost without exception larger than 14 inches
(36 cm) diameter and older than 100 years (Youngblood et
al. 2004).

Vegetative Complexes of Ponderosa Pine

Eastside Ponderosa Pine and Associates

Associates of ponderosa pine in California include
western juniper, quaking aspen (Populus tremuloides),
Jeffrey pine, lodgepole pine, Douglas-fir, incense cedar
(Calocedrus decurrens), California black oak (Quercus
kelloggii), and white fir (Oliver and Ryker 1990). In
Northeastern California, ponderosa pine and Jeffrey pine
forests grow on deep, well-drained soils. On dry sites
south of Alturas, CA, ponderosa and Jeffrey pine are found
together and the two species are often managed in the
same manner. Ponderosa pine is the only native yellow
pine north of Alturas (fig. 2.1.4). Jeffrey pine is generally
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Figure 2.1.4—Ponderosa pine is the dominant tree species
on the dry forested areas of much of the Lassen and Modoc
National Forests (photo by Ken Sandusky, Forest Service).

found on lower-productivity sites than ponderosa pine. The
lower productivity in Jeffrey pine stands probably resulted
in longer fire-return intervals than on sites with ponderosa
pine (Taylor 2000) and others as cited in Riegel et al.
(2006a). On slightly moister sites, such as the west slope
of the Sierras and the east side of the Cascades, ponderosa
pine becomes more of a mid-seral species with Douglas-fir
becoming a late-seral species. On sites where white fir is
the potential vegetation type, disturbance, particularly fire,
will keep the forest cover in ponderosa pine (Graham and
Jain 2005).

Stand Structure of Ponderosa Pine

Non-lethal fire caused by humans and lightning were
instrumental in maintaining ponderosa pine forests in the
Western United States (Graham and Jain 2005). Frequent
dry-lightning days coincided with the season when the
fine fuels were the driest. Frequent low fires killed small
stems by cambial scorch, thus performing a thinning from
below (Youngblood et al. 2004). Although these fires
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Figure 2.1.5—The clumpy nature of ponderosa pine regeneration is apparent on the Lassen National Forest (photo by Bonnie

Lou Millar, Forest Service).

that maintained ponderosa pine forests usually caused
little mortality, fire intensity varied across the landscape.
Intensive burning of patches followed by ponderosa pine
regeneration would create a mosaic of even-aged patches.
Variation of fire intensity in a patch would create uneven-
aged patches (Taylor 2010), albeit often resulting in a fine-
grained landscape (Safford and Stevens 2017). The clumpy
nature of ponderosa pine regeneration (fig. 2.1.5) resulted
from these heterogeneous effects of wildfire (Moore et

al. 1999; Pearson 1950; Sanchez Meador et al. 2009;
Youngblood et al. 2004). Regeneration processes were not
the only process or function influenced by spatial patterns;
others include tree mortality, snow accumulation and melt,
wind patterns, and fire behavior (Larson et al. 2012). Even
in even-aged groups, differentiation might occur due to
phenotypic variation (Taylor 2010).

Influence of Large Ponderosa Pine on Forest Structure

In the dry forest ecosystems of the Pacific Northwest,
large ponderosa pines are the principal drivers of forest
structure and function (Franklin and Johnson 2012).
Even putatively mixed-conifer forests were dominated
by ponderosa pine at low densities. The total large tree
(greater than 21 inches or 53 c¢cm) basal area (of all
species) has declined by more than 50 percent and the
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proportion of these large trees compared to the total
number of trees is only 20 percent of the historical
numbers (Hagmann et al. 2013), and are at much greater
risk of catastrophic fire now than before. Fire suppression
has dramatically increased lodgepole pine density in
Central Oregon since the 19th century. Besides the
obvious implications for the susceptibility to fire-induced
and density-dependent mortality, another impact on stand
dynamics is being noted, as ponderosa and lodgepole
pines in these dense stands are taking longer to grow to a
given height (Hagmann et al. 2013; Shuffield 2010).

Fire History and Its Impact on Current and Future
Structure and Composition

Presettlement fire frequency throughout the ponderosa pine
range was less than 40 years (Agee 1993). In the southern
edge of its range, presettlement fires were a mixture of
low- and high-intensity fires (Fulé et al. 1997). Historical
frequency of low-intensity fire ranged from 4 to 11 years
in the Eastside Cascades (Youngblood et al. 2004 and
citations therein), a median interval of 7 years (mean of
11 years) on dry ponderosa pine sites in California (Van
de Water and Safford 2011), 5 to 29 years on the west
side of the Northern Sierras and 3 to 8 years on east side
(Raumann and Cablk 2008; Taylor 2004). Fire frequency
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of around 12 years in old-growth ponderosa pine forests

in the Ishii Wilderness in Northeastern California was
comparable to ponderosa pine forests on the east side

of the Southern Cascades and to mixed-conifer (but
predominantly ponderosa pine) stands in the Klamath and
Sierra mountain ranges (Taylor 2010). Although declines
in fire frequency are likely due to the cessation of Native
American burning, widespread grazing on public lands
that reduced fine fuels, and reduced ignitions after the
California Gold Rush, the main driver of reduced fire
effects across the landscape was the State and Federal
mandates to suppress all fires (Taylor 2010). Subsequently,
ponderosa pine sites on the South Lake Tahoe Basin
indicated no evidence of fires for 62 years (Raumann and
Cablk 2008) and in Northern Arizona the post-exclusion
interval was 120 years, much longer than the historical
fire-return interval of 2 to 8 years (up to 15 years for larger
fires) (Moore et al. 1999).

Historically, lightning was the main source of ignitions in
ponderosa pine forests and continues to play a significant
role (Fitzgerald 2005; Hagmann et al. 2013), whereas the
role of Native Americans in burning was probably low

in these regions (Youngblood et al. 2004). A belt from
Northern California through Oregon and Idaho and into
Northern Montana contains high numbers of lightning
strikes and the resulting fires (Schmidt et al. 2002).
Although it is difficult to determine the extent of fires in
presettlement times, the prevailing opinion is that burn
areas were small. In Northern California, for example, the
average area of burn was 850 acres (350 ha), although 16
fires between 1627 and 1992 were believed to be larger
than 1,200 acres (500 ha) (Taylor and Skinner 1998).
Another analysis determined that some fires ranged up to
thousands of hectares in size in Northeastern California
(Norman and Taylor 2003).

Fire frequency in ponderosa pine forests throughout

the West depended upon elevation and their associated
vegetation. At drier, lower elevations, frequent surface fires
occurred in these forests. At higher elevations on moist
sites, where ponderosa pine was frequently associated

with species such as Douglas-fir, white fir, or lodgepole
pine, the fire-return interval was longer and the fire
intensity ranged from surface fires to stand-replacing fires
(Fitzgerald 2005).

Seasonality influences fire behavior and fire effects.

In Northern California, 93 percent of all fires occurred
between the dry midsummer and early fall (Taylor and
Skinner 2003). In contrast, 40 percent of presettlement
fires in southwestern ponderosa pine in Arizona occurred
in the spring and the remainder were summer fires
(Fitzgerald 2005; Fulé et al. 1997).

Mean presettlement fire-return intervals in ponderosa
pine forests ranged from 2 to 50 years (table 2.1.1). The
Northern California study by Taylor and Skinner (1998)
also observed that the postsettlement fire-return intervals
(22 years) were longer than during the settlement (12
years) or presettlement (14 years) eras. Furthermore, they
found that the interval was shorter on south- and west-
facing slopes, a pattern also observed by some (Heyerdahl
et al. 2001) and not by others (Everett et al. 2000).

The ability to survive a fire may be either species- or
individual tree-based. Species-based attributes include
fire-induced flowering, seed dispersal from serotinous
cones, such as those on lodgepole pine, or persistent seed
buried in the soil, such as those from chokecherry (Prunus
virginiana). Individual tree-based attributes include thick
bark, such as that on ponderosa pine and California black
oak, sprouting from the stump, such as shortleaf pine
(Pinus echinata) and various oak (Quercus) species, or

Table 2.1.1—Presettlement fire-return intervals in ponderosa pine ecosystems.

Area Interval (years) Source
West wide 2-47 Fitzgerald (2005)
Northern California 21 Norman and Taylor (2003)

Northern California, Lassen National Forest 11
Central Oregon 30-50
Eastern Washington 7

Northern Arizona

Southern Cascades 12

2—15 (median of 4)

Norman and Taylor (2005)
Volland (1963)

Everett et al. (2000)

Fulé et al. (1997)

Taylor (2010)
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Figure 2.1.6—To reduce fuels on the Modoc National Forest, woody residues after harvesting are piled, dried, and frequently
burned during late fall or winter, when surrounding snow cover reduces the chance of the fire escaping (photo by Ken

Sandusky, Forest Service).

having grass-stage needles that protect the apical bud,
such as longleaf pine (Pinus palustris). These attributes
are necessary for trees to persist in a fire-mediated
environment (Grace and Platt 1995; Kauffman 1990).
Miller (2000) concluded that ponderosa pine is one of the
most fire-resistant species in the Western United States
and this resistance was believed to increase as the tree
matured. Multiple characteristics contribute to improving
the chances for the individual pine trees to survive a fire:
thick bark that sloughs off when on fire to minimize heat
transfer; a deep rooting habit; and an open crown structure
that allows for dissipation of heat and reduces the
potential for crown scorch (Brown and Wu 2005; Cooper
1961; Fitzgerald 2005; Moore et al. 1999).

Fire, Density, and Tree Size

In late-seral interior ponderosa pine stands, large 200- to
500-year-old trees are an important constituent for their

contribution to forest structure and habitat (Ritchie et al.
2008). Despite their prominence in the stand, however,
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dense understory vegetation can negatively influence their
growth and survival. Ritchie et al. (2008) evaluated a study
(Oliver 2000) on Blacks Mountain Experimental Forest
that compared an unburned, unharvested, 65-year-old stand
with neighboring treated stands. On the experimental forest
in the 1990s, plots first measured in 1934 were treated to
create low-diversity (removing all large overstory trees) and
high-diversity (thinning from below) structures that were
then subjected to burn and no-burn treatments (Ritchie et
al. 2008). Untreated stands displayed a dramatic increase
in density of trees less than 12 inches (30 cm) diameter
between 1934 and 1999. The proportion of the total basal
area in pine declined by 12 to 20 percent in that time,
mainly replaced by white fir and incense cedar. Thinned
and burned stands (similar to those in fig. 2.1.6) adjacent to
the untreated stand had fewer large trees at risk and lower
rates of mortality (Ritchie et al. 2008). Such treatments are,
however, not without risk. Careful thinning can accelerate
growth of old pine trees (Kolb et al. 2007), but prescribed
burning on a site with a long history of fire exclusion may
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result in secondary mortality of the older trees (Crotteau
and Ritchie 2014; Ritchie et al. 2008). Delayed effects
upon the entire forest ecosystem can occur, too. Not only
does fire remove snags, but snags from fire-killed trees
deteriorate faster than trees killed by other causes, such as
insects (Laudenslayer 2002).

Land Use Practices and Their Impact on Fire

Livestock grazing and timber harvesting were widely
practiced in ponderosa pine forests by the end of the 19th
century (Graham and Jain 2005; Madany and West 1983;
Rummell 1951). In 1880 in Northeastern California,
45,000 grazing animals were reported; this number
increased threefold by 1909. This intensive grazing pattern
reduced fine fuels and native grasses and palatable shrubs;
consequently, annual grasses and unpalatable trees and
shrubs (e.g., sagebrush and western juniper) became
established (Laudenslayer et al. 1989; Riegel et al. 2006).
In comparison, grazing in the Southwestern United States
reduced grass competition on ponderosa pine sites and the
cessation of grazing, coupled with favorable seed crops
and climate, resulted in dense stands of ponderosa pine
regeneration (Moore et al. 1999; Pearson 1950; Savage
and Swetnam 1990). Postsettlement, heavy grazing and
fire suppression changed the fire regime in ponderosa pine
forests, allowing regeneration to proceed without barrier
and fuels to accumulate to much-greater-than-historical
levels. Furthermore, the high-grading of large ponderosa
pine, Douglas-fir, and western larch (Larix occidentalis)
throughout the range of the pine resulted in greater densities
of thin-barked, shade-tolerant species in the understory,
creating ladder fuels and forest stands more prone to
damage from insects and drought (Fitzgerald 2005).

Fire Suppression and Forest Types

Fire suppression resulted in more pronounced effects in
forests subject to frequent low-intensity fires, such as

pine forests, than in more moist forests. For example, in

a study of the South Tahoe Lake Basin, Raumann and
Cablk (2008) found stands subject to more than 6 decades
of fire suppression to be much denser than those under
natural fire regimes. Although forest stands up to 9,800
feet (3,000 m) displayed increased density, about three-
fourths of the densification occurred below 7,500 feet
(2,300 m), which was the upper limit of Jeffrey pine-white
fir forests (Raumann and Cablk 2008). The authors found
an increase in forest extent from 1940 through 1969 due to
regeneration after harvest. After 1969, they determined that
most forest expansion in undisturbed areas was succession.
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Climate, Elevation, and Forest Types

Relationships exist among biophysical site characteristics,
vegetation associations, and resulting disturbance
frequencies and responses. Following the Life Zone
Concept (Merriam 1898), which defined ranges of
vegetation types in the Southwestern United States,
Stephens et al. (2015) found that the most important
variables for defining stands in the Southern Sierras

were actual evapotranspiration, elevation, and aspect.
Each ecosystem has a unique response to natural and
human-caused disturbance. In a study of a mixed-conifer
forest in the Lake Tahoe Basin, Van Gunst et al. (2016)
determined that density-dependent mortality occurred
more on lower-elevation forests with drier climates than
on forests at higher elevations. Further, they found that
density-dependent mortality declined as density increased
in these mid- to upper-elevation forests. Separating density
from drought, they surmised that lower-elevation forests
may experience less drought-related mortality as the pine-
dominants (Jeffrey and sugar pine [Pinus lambertianal)
are more drought-tolerant than other species that may
occur on the site. They attribute this drought resistance

to greater stomatal control and resistance to cavitation,

as was observed in ponderosa pine by Maherali and
DeLucia (2000). They did find greater mortality on north-
facing slopes, regardless of density, suggesting that these
communities did not typically face droughty situations and
were thus more susceptible to drought events when they
did occur.

Changes in Ponderosa Pine Forests

Grazing, Fire Suppression, and Climate Change

Where fire, grazing, and timber harvesting have stopped
on moist sites (where the potential vegetation is white

fir), ponderosa pine is being succeeded by Douglas-fir

and white fir (Graham and Jain 2005) (see fig. 2.1.7). In
some places this succession is occurring so rapidly that the
normal progression from ponderosa pine to Douglas-fir of
400 years is being reduced to 50 years because of the lack
of non-lethal disturbance (Graham and Jain 2005). Several
factors influenced the change in pine regeneration, the
most notable being the change in grazing practices (from
sheep to cattle), suppression of natural, heretofore low-
intensity fires by the Forest Service in 1905, and climate
(Norman and Taylor 2005), although the climate influences
are not as definitive as one might expect, as Norman and
Taylor (2005) referred to evidence that cooler, moister
springs and drier summers aided successful regeneration
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Figure 2.1.7—Young ponderosa pine in the Pine Creek Valley
of the Lassen National Forest (photo by Ken Sandusky;,
Forest Service). Fire, grazing, and available soil moisture are
some of the influences that minimize pine regeneration in
such open parks.

of Jeffrey and ponderosa pines. (See Chapter 6.1, Wright,
this synthesis, Ecological Disturbance in the Context of

a Changing Climate: Implications for Land Management
in Northeastern California for more discussion about
climate-induced changes to fire.) Paradoxically, the change
in disturbance patterns created an environment where

the more infrequent but more severe disturbances also
negatively impacted forest regeneration. Severe wildfires
occurring after decades of fire suppression can result

in the lack of pine trees as a seed source and what little
regeneration that does occur is mainly shade-tolerant, fire-
intolerant species (Welch et al. 2016).

Youngblood et al. (2004) attribute the decline of Eastside
Cascades old-growth ponderosa pine to fire suppression,
livestock grazing, selective logging of old trees, and

road building. Managers have responded by trying to
restore disturbance frequency and stability by thinning,
underburning, and other fuels-reduction treatments (Fiedler
et al. 1996; Youngblood et al. 2004).

Juniper Woodlands

Pifion-Juniper Ecosystems

In the Western United States, pifion-juniper ecosystems
cover 100 million acres (40 million ha). Several pine and
juniper species grow together, or separately, across the
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pifion-juniper complex. In the Great Basin, the principal
species are Pinus monophylla/Juniperus osteosperma
(singleleaf pifion/Utah juniper) but continuing westward
into Northwestern Nevada and neighboring California,

the principal species is western juniper (Romme et al.
2009) with low abundance of pifion. Juniper woodland has
greatly increased in both spatial distribution and density
(Miller et al. 2008); however, historical evidence indicates
that pifion-juniper increased and decreased in extent over
the previous millennia (Miller and Wigand 1994).

Western juniper is the only representative of the Great
Basin pifion-juniper complex in Northeastern California.
It is typically the only conifer on the site, except along

an ecotone with ponderosa pine. Western juniper began
migrating northward from the Lake Lahontan basin
10,000 years before present (BP) (Tausch 1999) and
reached its present-day range in Northeastern California
and Southeastern Oregon between 7,000 and 4,000 years
BP (Mehringer and Wigand 1987, as cited in Riegel et al.
2006a). Before Euro-American settlement in the mid-19th
century, juniper occurred mainly on rocky surfaces or
sandy sites with little vegetation (Miller and Rose 1995).
In this region, old juniper stands are primarily found on
shallow soils with heavy clays, and are generally open
(Riegel et al. 2006). On sites with low fuels, western
juniper can reach 1,000 years of age (Waichler et al. 2001).
Sites near Devil’s Garden in the Modoc contain old-growth
juniper (200 to 500 years old) with some individuals as
old as 700 years. The wide spacing of the trees implies
that there were few stand-replacing fires. Disturbance
limited western juniper to low-productivity sites before
Euro-American settlement. But the species can grow in
almost any type of soil. Since settlement, western juniper
has established on more productive sites (Adams 1975;
Burkhardt and Tisdale 1969, 1976; Miller and Rose 1995,
1999). This expansion is a result of an increase in fire-
return interval, grazing, and higher-than-average annual
precipitation as paleoecological evidence suggests that the
presettlement fire-return interval kept the species off these
sites.

In California in 1989, the total area of western juniper and
pifion-juniper woodlands stands with at least 10 percent
cover in tree crowns was estimated at 2.4 million acres

(1 million ha) (Bolsinger 1989), with 1.1 million acres
(0.4 million ha) being on national forests. This total did
not include woodlands with less than 10 percent cover or
located on other public land or private land, or scattered
trees. Before the arrival of Euro-Americans, western
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juniper was primarily restricted to areas with poor soils,
which reduced the amount of fine fuels able to carry fires
(Burkhardt and Tisdale 1969; Miller and Rose 1995).
Favored by Euro-American settlers for grazing of cows
and sheep due to the proximity to inhabited areas, the
land cleared of trees to improve forage has been offset
over the years by the afforestation of rangeland due

to fire suppression; thus, the overall quantity of land

in these woodland types has changed little since 1945
(Bolsinger 1989). Recent trends suggest that afforestation
is decreasing, as reflected in the increasingly large
proportion of western juniper and pifilon-juniper stands
greater than 100 years old (73 percent and 59 percent,
respectively). Bolsinger (1989) observed that stands less
than 50 years old make up only 12 percent of western
juniper and 9 percent of pifion-juniper stands. Singleleaf
pifion and western juniper together account for 93 percent
of total wood volume in such woodlands. Grass cover

is higher in western juniper stands than in pifion-juniper
stands (Bolsinger 1989).

While in Northeastern California the western juniper
woodlands (fig. 2.1.8) are a continuation of the extensive
pifion-juniper woodlands of the Great Basin (Young and
Evans 1981), pifilon becomes scarce. Of the 60,000 acres
(24,280 ha) of juniper habitat on the Lassen, less than 1
percent is pifion-juniper (Bolsinger 1989) and the author
found no pifion-juniper on the 470,000 acres of (190,200
ha) juniper habitat on the Modoc. Juniper woodlands

are largely found in Klamath Juniper Woodland/Devil’s
Garden (Level IV Ecoregion 9j), Modoc/Lassen Juniper
Scrub (9p), Adin/Dixie Low Hills (9r), and Modoc Lava
Flows and Buttes (9s) ecotypes (see Appendix 1.1 in
Chapter 1.1, Dumroese, this synthesis, The Northeastern
California Plateaus Bioregion Science Synthesis:
Background, Rationale, and Scope for ecoregion
descriptions). On the Lassen, western juniper occurs in
big and low sagebrush communities (table 2.1.2).

Presettlement Conditions and How They Might Guide
Current Management

Except for western juniper, common species of juniper
are all associated with pinon (Miller and Wigand 1994).
Not surprisingly given their wide distribution across the
Western United States, most research has focused on
piflon-juniper systems. Across these different juniper-
dominated ecosystems, some patterns concerning juniper
emerge:
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* Mammals and birds spread seed more than 100 meters.

¢ Climate and disturbances affect the rate of infill between
early-established trees.

» Understory floral diversity progressively decreases as
Jjuniper overstory increases.

When available, this chapter draws on research from pure
juniper woodlands but also notes work within pifion-
juniper woodlands because the similar stand dynamics,
disturbance patterns, and climate responses are relevant
to management questions on the Lassen and Modoc.
Furthermore, some climate projections propose that the
future weather will be hotter and drier (Clark et al. 2016),
suggesting that future Northeastern California woodlands
might behave in a manner more like those of the Central
Great Basin and the constituent juniper species.

Figure 2.1.8—Western juniper, like most Juniperus species,
can form closed-canopy, woodland, and savanna landscapes,
depending upon site productivity, precipitation and
disturbance (fire) interval. The Warner Mountains viewed from
the Devil's Garden, Modoc National Forest (photo by John
Cichoski, Forest Service).
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Table 2.1.2—Summary of western juniper/sagebrush vegetation communities in Lassen County, CA (Young and Evans 1981).

Western juniper/big sagebrush

Western juniper/low sagebrush

Soils
heavy clay loam

60 (150 tph)
10 (25 tph) after burns
40 (98 tph) since 1900

40 to 60 percent

Trees per acre
(trees per hectare; tph)

Canopy cover

Age

(year established) 1880 and 1920; oldest 1855

Deep, 10-32 inches (25-80 cm),

84 percent established between

Biscuit and swale, mounds 4-8 inches (10-20
cm), wet in spring and baked hard in summer

11 (28 tph)
2 (5 tph) since 1900

Oldest 1600

Western Juniper

In the late Pleistocene, the more drought-tolerant juniper
species were 310 to 400 miles (500 to 640 km) further
north and 3,280 to 4,920 feet (1,000 to 1,500 m) lower in
elevation than they are now. Western juniper (probably

var. australis) grew in Kings Canyon, CA, at the glacial
maximum. It was in the area of Lake Lahontan, NV, about
12,000 years BP and arrived in Northeastern California and
Southeastern Oregon 5,000 to 8,000 years later (Miller and
Wigand 1994).

The range of western juniper has greatly increased since
the 1880s (Eddleman 1986). In Northeastern California,
the peak years of establishment range from the late

1800s to the early 1900s (Young and Evans 1981), and in
Southern Oregon, the early 1900s (Adams 1975). In the
sagebrush steppe, presettlement juniper was primarily in
shrub form on shallow, rocky soils, where there was little
fine fuel. Most of the juniper woodlands on the landscape
today became established as annual precipitation increased
and fire frequency decreased after the late 1800s (Riegel
et al. 2006). Little older western juniper was left on the
land because mortality of juniper trees due to fire is much
higher for trees less than 50 years old than for the older
cohort (Riegel et al. 2006). Because of management and
altered disturbance histories on the sites, western juniper
stands can become quite dense. In Central Oregon,
Eddleman (1986) found juniper densities averaging 412
trees per acre (1,018 tph), with a range of 335 to 450 trees
per acre (830 to 1,120 tph), although he stated that his
results were higher than other contemporaneous studies.
Even 50 years ago, Burkhardt and Tisdale (1969) reported
that some seral stands of western juniper had densities of
more than 800 trees per acre (2,000 tph).

Western juniper is less dependent on precipitation than
juniper communities to the west and south, although
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prolonged wet or dry spells can influence tree cover and
growth. For example, relatively high winter precipitation
in Southeastern Oregon in the late 1800s and early 1900s
resulted in extensive recruitment of western juniper
(Romme et al. 2009). Paradoxically, the western juniper
that benefited from increased precipitation does not, in
turn, improve water retention or soil moisture potential

on the land. Tree canopy can intercept precipitation. In
California, western juniper woodland cover of 40 percent
intercepted 15 to 20 percent of precipitation (Evans 1988).
Miller and Wigand (1994) found that heavy juniper cover
results in reduced ground flora cover, which in turn results
in damaged hydrologic process due to less infiltration and
more runoff and erosion.

Western juniper primarily invades big sagebrush
communities and to some extent, low sagebrush
communities (Burkhardt and Tisdale 1969, 1976; Young
and Evans 1981). In Central Oregon, Eddleman (1986)
determined that woody plants, whether sagebrush or
juniper, act as nurse plants for western juniper seedlings,
similar to what Phillips (1909) observed for pifion pine
(Pinus edulis), very likely due to reduced soil surface
temperature and increased shading, and perhaps higher
availability of moisture and nutrients.

In a study in Southeastern Oregon, Adams (1975)
documented the interactions between western juniper and
associated shrub species. Western juniper increased from
less than 59 percent of crown area in 1929 to 73 percent
in 1966. Shrub crown cover declined 36 percent during
the same period even though total plant density declined
by only 2 percent. The author attributed the disparity to
the replacement of large-crowned bitterbrush (Purshia
tridentata) and big sagebrush (86 percent of shrub density
in 1920s, only 33 percent in the late 1960s) by narrow-
crowned green rabbitbrush (Ericameria teretifolia). In
Northeastern California, Loft (1998) estimated that in a
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40-year period (1957-1997) the overstory of pine and
juniper increased by more than 400 percent on bitterbrush
range. Adams (1975) suggested that a certain synchronicity
existed between juniper and the associated vegetation, with
few shrub plants being established in years where juniper
had low growth ring indices.

Young and Evans (1981) intended to examine the cause of
juniper establishment (i.e., wildfire suppression, grazing,
or climate change), but no ungrazed areas were available
to test a grazing hypothesis, the relatively short period of
time of invasion and establishment, and the dense stand’s
individual tree growth rate would make it difficult to
explore climate influences. They pointed out that trees less
than 50 years old were very susceptible to fire damage,
suggesting that perhaps fire suppression played a role.
Both locations were “fireproof”’—the western juniper/

big sagebrush site because it was so dense that no ground
vegetation grew under the canopy (Bruner and Klebenow
1979) and the western juniper/low sagebrush site because
of heavy grazing of the native grasses (Young and Evans
1981). They observed that only about 10 percent of the
trees in the western juniper/big sagebrush stand bore fruit,
with the result that the seed source in western juniper/big
sagebrush stand usually came from trees in the western
juniper/low sagebrush stand.

Juniper Overstory vs. Forage Understory

There is an inverse relationship between overstory cover
and understory plant cover (Tausch and Tueller 1990). The
strong interaction between overstory tree canopy density
and understory forage productivity is often exacerbated

by human activities. Drier sites on shallow soils on south-
facing slopes show greatest western juniper impact on plant
community. Miller and Wigand (1994) noted that desirable
browse in some bitterbrush ranges was shaded out by a

400 percent increase in overstory pines and junipers. Fire
suppression and grazing created the conditions that allowed
juniper woodlands to move from their low-productivity
sites onto rangeland (Burkhardt and Tisdale 1969; Miller
and Rose 1995; Miller and Wigand 1994).

Clearing sites of western juniper to restore or create
rangeland for grazing is a common practice in the Interior
West (fig. 2.1.9). To test a site’s ability to respond to efforts
to improve ecosystem resilience, in 1991 sites in a western
juniper woodland in Southeastern Oregon were harvested
to evaluate the understory response (Bates et al. 2000). The
site was at full occupancy and most of the co-occurring
sagebrush shrubs were dead. Juniper canopy cover was
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24 percent of the area and most of the remainder was bare
ground, subject to erosion. Dry conditions region-wide
limited treatment response the following year. In 1993,
however, an almost order-of-magnitude difference in
understory biomass was found on the cut plots compared
to the wooded plots. Canopy cover of herbaceous species
increased by a factor of 3 in the interspaces. Besides the
obvious competition for water through their extensive root
systems, Bates et al. (2000) also concluded that juniper
interfered with nitrogen uptake of other plants as an
additional competitive advantage. The authors noted that
the postdisturbance ground vegetation community was
connected with pre-disturbance composition (fig. 2.1.10).
The expansion of herbaceous cover in the open areas was
also a significant benefit in reducing erosion.

Juniper Woodlands in the West

Throughout juniper’s range, three types of juniper
woodlands exist: persistent woodland, wooded shrubland,
and savanna (Romme et al. 2009; Vankat 2013). In
persistent woodland, soils, climate, and disturbance
patterns favor juniper; the fire regime consists of infrequent
but high-severity crown fires. Persistent juniper woodlands
were minimally affected by fire-suppression efforts as
20th-century fire management practices did not usually
target such ecosystems (Vankat 2013). The dynamics of
persistent woodlands are driven more by climate, disease,
and insects than by fire. Less is known about wooded
shrubland and savanna (Romme et al. 2009).

In juniper savannas, soils favor juniper, but fire is more
frequent. In wooded shrubland, which have a shrub layer
beneath an open tree canopy (Vankat 2013), soils support
woody plants. But species vary between deep soils and
thin rocky sites, particularly where winter precipitation
constitutes a higher proportion of the total annual
precipitation. Periodic wildfire may result in oscillating
woodland conditions (West and Van Pelt 1986). Figure
2.1.11 displays how periodic wildfires might cause the
ecosystem to alternate between woodlands and savannas.

In moist periods, the number of trees will increase,
whereas in dry periods, the number of trees will decrease
(Romme et al. 2009; Tausch et al. 1981). Savannas have
grass and forb understory under an open tree canopy,
generally on sites with moderately deep soils. In the
Southwestern United States, juniper is found at low
elevations adjacent to grassland ecosystems, but can also
be found at higher elevations (Vankat 2013).
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Figure 2.1.9—The varied nature of structure in western juniper stands provides varied habitat for native and introduced species,
including these wild horses up Pencil Road Trail on the Modoc National Forest (photo by Ken Sandusky, Forest Service).

Patterns of Expansion

Cycles of high and low precipitation cause corresponding
responses of pifion-juniper establishment and mortality
(Chambers et al. 2013; Swetnam and Betancourt 1998).
Juniper and associated woodlands expands across the
landscape in one of three ways: (1) infill—in existing
woodlands, the tree density within the stand expands

by growth of the existing trees and by establishment

of new trees; (2) expansion—trees become established

in formerly treeless lands, such as sagebrush or other
shrubland; and (3) succession—the successional pathway
following stand-replacing fire progresses from annual
herbaceous species to forbs and perennial grasses and
then, after several decades, to shrub cover (fig. 2.1.11).
Tree seedlings then follow, and woodland forms in 100
to 300 years (Vankat 2013). Huffman et al. (2012) also
found a relationship between juniper presence and time
since fire. Seedling survival in woodlands requires an
enhancement of the site to reduce the environmental
stresses and successfully establish. This addition may
take the form of physical cover or nurse plants, even other
juniper. Juniper species will establish in the interspaces,
and then will expand if drought kills the competing
components (Vankat 2013).
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Figure 2.1.10—The influence of juniper on forage and the
potential for restoration depends upon the density and length of
tenure of juniper, such as this open-grown western juniper on the
Lassen National Forest, and the mix of ground flora that existed
prior to afforestation (photo by KC Pasero, Forest Service).
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Figure 2.1.11—One model of periodic wildfires causing intercommunity cycles between juniper woodland and savanna

(adapted from West and Van Pelt 1986).

The number of trees increased rapidly in the Great Basin
during the 19th century (Tausch et al. 1981). A study of
various juniper ecosystems in Oregon, Idaho, Nevada, and
Utah (which included western and Utah juniper) found
that prior to settlement, woodlands had slow rates of
establishment and low densities. Pifion and juniper trees
established at a higher rate in the late 1800s than they had
in the several centuries before, beginning after 1860 in
Utah and Nevada and after 1850 in Idaho. These species
increased gradually later in the 19th century, then more
rapidly in the early 20th century. The rate of establishment
then declined later in the 20th century (Miller et al. 2008).

The historical increase in tree density occurred at roughly
the same time across the Great Basin. Scientists have
suggested several possible causes, including warmer
temperatures from 1850 through 1960, wetter weather
between 1850 and 1900, fire suppression, and increased
cattle grazing and timber harvesting for mining (Chambers
et al. 2013; Tausch and Hood 2007). Climatic conditions
were milder and wetter in the latter part of the 19th century
and the first half of the 20th century than they were in the
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latter half of the 20th century (Antevs and Wright 1938;
Graumlich 1987; Miller et al. 2008). Apparently, this
increase in tree number was successful, as the authors go
on to suggest that the decline in recent establishment may
be due to the lack of suitable sites unoccupied by trees.

Tree density in juniper woodlands of the Great Basin has
also increased during the last 150 years (Romme et al.
2009), with the current density 4 to 10 times greater than
the presettlement conditions (Tausch and Hood 2007).
Infill has occurred locally in persistent woodlands, but
infill in this type was not so widespread across the Great
Basin region. Infill has occurred much more in wooded
shrubland and savannas, where elimination of fine fuels
due to timbering and grazing resulted in changes in the fire
regime (Romme et al. 2009; Tausch et al. 1981). Grazing
increased tree density by reducing fine fuels and competing
vegetation in mixed-conifer forests, but had less of an effect
on the density of pifion-juniper and juniper woodlands.
Forty percent of the trees in the Great Basin were
established less than 150 years ago (Tausch et al. 1981).
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Grazing Impact in Pifion-Juniper Woodlands

Grazing had little influence on tree cover in persistent
woodlands. In wooded shrubland and savanna, grazing
resulted in increased tree cover and different ground
vegetation species as previously dominant herbaceous
species were eliminated, for example with western
juniper in Oregon (Miller and Rose 1995). Subsequently,
considerable attempts have been made to improve grazing
on wooded shrublands and savannas by using mechanical
treatments such as chaining or cutting (Vankat 2013).
Elimination of shrub and grass species was not inevitable,
however. Cottam and Stewart (1940) found that sites in
Southern Utah that had deep soils, grasses, and sagebrush
could withstand Utah juniper invasion, but on poorer
sites in the foothills, junipers replaced these species.

The pifion-juniper communities are very susceptible to
severe wildfires. Old-growth woodlands on presettlement
landscapes were usually located on sites with limited fuel
loads, often with thin soils or steep slopes, or both, where
disturbance was not frequent (Tausch and Hood 2007;
Tausch et al. 1981; West et al. 1998). In contrast, very
productive sites on deeper soils generate greater fine-fuel
loads and thus experience more frequent fires. Old-
growth woodlands could also be protected from severe
fire by the frequently burned sagebrush communities that
surrounded them.

Drought

Juniper is more resistant to drought and is affected by
fewer biotic agents than pifion (Vankat 2013). Juniper
exhibits low natural mortality in the Great Basin (Adams
1975). According to Romme et al. (2009), while historical
fires did not thin pifion-juniper woodlands from below,
stand-replacing fire was the main source of juniper
mortality. Recovery from such severe fires could take
hundreds of years (Romme et al. 2009), creating a multi-
century fire-return interval.

Spread of Piiion-Juniper Into Sagebrush and Grasslands
and Fire Effects

Disturbance characteristics, especially the frequency

and intensity of fire, influence spatial arrangement of
woodlands in a landscape of sagebrush and the distribution
of tree sizes within these woodlands (Tausch and Hood
2007). Throughout the Great Basin, juniper woodlands

are expanding into adjacent sagebrush ecosystems and
increasing in density (Bradley 2010; Burkhardt and Tisdale
1976; Miller and Rose 1999; Tausch et al. 1981). For
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example, one study in Central Nevada determined that 20
percent of the ecotonal area between sagebrush ecosystems
and pifion-juniper woodlands showed juniper woodland
expansion during a 20-year (1986-2005) period (Bradley
and Fleishman 2008b). Although sagebrush shrublands

are adapted to many different temperature conditions
(Bradley 2010), pifion-juniper woodlands can compete
successfully for water at greater depths (Leffler and
Caldwell 2005 as cited in Bradley 2010). The expansion of
pifion-juniper woodlands is largely the result of cattle and
sheep grazing that resulted in the removal of most ground
flora that might compete with pifion-juniper (Bradley and
Fleishman 2008a; Miller and Rose 1995; but see Vankat
2013), concurrent suppression of wildfires (Bradley and
Fleishman 2008a), and late 19th century/early 20th century
wet conditions that greatly facilitated establishment and
growth of trees (Antevs and Wright 1938; Tausch and
Hood 2007).

The pattern of fuel loading and fire behavior changed
from fine-fuel dominated open woodlands to one where
the tree species crowded out the grasses. Fuel continuity
across a landscape increases as the tree biomass increases,
thus increasing the possibility of severe, stand-replacing
fires. Postfire composition and structure depend upon fire
severity, the prefire composition, and the amount of tree
dominance, but severe crown fires increase the probability
that post-burn sites will be devoid of woody vegetation
(Miller and Tausch 2001).

Fires were less likely to reset the ecological succession of
any preexisting ground flora on the site, however (Tausch
and West 1988). In a comparison of burned and unburned
pifion—juniper woodlands in Nevada and California,
Koniak (1985) concluded that species that became
dominant in mid-successional and later-successional
stages were present at early stages; tree species that were
eliminated by burning were the only exception. Early-
successional species, which bear seeds that survive fire

or have buds at root crowns, take advantage of increased
availability of water, light, and nutrients (Tausch and West
1988). Annual and perennial forbs tend to dominate early-
successional sites, shrubs and annual grasses the mid-
successional sites, and shrubs, annual grasses, and trees
the late-successional sites (Koniak 1985). Root-sprouting
shrubs and forbs were found more on northerly and
easterly aspects, annual forbs on southerly and westerly
aspects, and seed-germinated shrubs on northerly, easterly,
and westerly aspects (Tausch and West 1988). As the tree
species begin to dominate the site, fewer resources are
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available to understory species and their percentage cover
declines (Koniak 1985; Tausch and Hood 2007).

Approaches to Forest Management

Ecological restoration focuses on reestablishing “the
structure, function and integrity of indigenous ecosystems”
qualified by “to the extent possible” (SER 1993) (fig.
2.1.12). Higgs (1997) refers to ecological fidelity as an
endpoint, where restored plant structure and composition
provide functional success and durability. He also refers

to “mutually beneficial human-wildland interactions,”
suggesting that true sustainability accepts that human
beings are part of the landscape. Given that the ability to
adapt to disturbance is an indicator of a healthy ecosystem,
successful ecological restoration should seek to restore
resilience and adaptive capacity (North et al. 2009b).

Overview

Ecological Forest Management

Silviculture is the art and science of manipulating forest
composition and structure to achieve goals (Helms 1998).
Silviculture is not an end, but rather a tool or series of

tools intended to meet varied objectives, including timber
production, wildlife habitat, or even “naturalness” (O’Hara
2016). O’Hara identifies current forest management trends
that advertise being “natural” by purporting to mimic
natural processes or minimize disturbance effects, often
incorporating labels such as “nature” or “ecological” to
broadcast their bona fides. Yet, forestry has historically
focused on managing stands to attain objectives that could
not otherwise be achieved by natural processes (O’Hara
2002, 2016). Proponents of “nature-emulating silviculture”
fail to recognize that the cumulative effect of changing
climate, historical management and mismanagement, and
invasive plants, insects, and diseases are creating novel
ecosystems that require novel management practices
(O’Hara 2016). For example, in their study of historic
(1911) and current conditions of a series of forests in
Southcentral Oregon, Hagmann et al. (2013) observed
that current and projected climates are hotter and drier
than the period when the inventoried trees established and
grew. While ecosystem responses to past disturbances and
management activities can inform managers (Moore et

al. 1999; Youngblood et al. 2004), managing to recreate
an environment that will never occur again is likely to

Figure 2.1.12—Restoring forest and woodland ecosystems, such as these on the top of the Warner Mountains in the Modoc
National Forest, requires an understanding of “the structure, function, and integrity of indigenous ecosystems” (SER 1993), but
also some expectation of potential future disturbances, both long- and short-term (photo by Chris Bielecki, Forest Service).
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be unsuccessful (Millar et al. 2007) and such historical
responses would not necessarily predict what happens after
future management actions (O’Hara 2016).

Restoration

Planning for future forests is challenging for today’s
managers as the future combination of environment,
structure, climate conditions, and other influences will
produce novel environments (Clark et al. 2016). The stands
today are often no longer at their optimal condition due

to years of fire suppression and inconsistent management
goals and activities (Graham and Jain 2005). Nonetheless,
we can obtain guidance from current and past conditions
(Heyerdahl et al. 2001) and management practices that
achieve composition and structure goals now can serve
future managers with similar goals (Helms and Tappeiner
1996; O’Hara 2016).

North et al. (2009b) cite a definition of ecological
restoration from the Forest Service Manual (2020.5):
“The process of assisting the recovery of resilience

and adaptive capacity of ecosystems that have been
degraded, damaged, or destroyed. Restoration focuses

on establishing the composition, structure, pattern, and
ecological processes necessary to make terrestrial and
aquatic ecosystems sustainable, resilient, and healthy
under current and future conditions.” Ecological
restoration has been described as the process of repairing
damage caused by humans to the diversity and dynamics
of indigenous ecosystems (Jackson et al. 1995).
Practitioners of restoration have traditionally viewed their
goal as the recreation of some past ecological state (Hobbs
and Cramer 2008), although differences exist in defining
success as some combination of restoring structure,
function, diversity, and socioeconomic impacts (Wortley
et al. 2013). Sometimes realism demands that managers
repair the most egregious damage (“rehabilitation”),

but not necessarily return to some historic state, or
moving toward an alternative land use (“reallocation”)
(Aronson et al. 1993; Hobbs and Cramer 2008). A
measure of success is the evaluation of an ecosystem’s or
community’s “key ecological attribute,” a characteristic
of a community’s biology that, when present, define the
community as “healthy” and if absent or changed, presage
the degradation or loss of the community sometime

in the future (Gonzales and Hoshi 2015). North et al.
(2009b) argue that restoration should focus on enhancing
resilience, the ability to respond to disturbances in a way
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that maintains the ecological function of a particular
ecosystem. This focus melds the drive for rehabilitation
with the perspectives of those (O’Hara 2016) who contend
that future novel situations require novel management.

Human activities dramatically changed these forests. As will
be explained later in the specific forest-type sections, today’s
forests in Northeastern California and throughout the Great
Basin are denser, with a higher proportion of basal area in
smaller trees and more dominated by shade-tolerant species.
Existing dry forests have permanently reduced capacity to
withstand stressors without undergoing significant change
(Noss et al. 2006). Current efforts emphasize restoring
“processes that shape systems rather than any particular
structure or composition of the past” (Hagmann et al. 2013;
Millar et al. 2007; Stephens et al. 2010).

Many authors advocate the recreation of spatial
heterogeneity that was produced by variable fire
intensities, which not only enhances ecosystem values
but also reduces the susceptibility to severe disturbance
(Crotteau and Ritchie 2014; Hagmann et al. 2013; Larson
et al. 2012). This heterogeneity existed on small and

large scales and restoration efforts are expected to mimic
them. Larsen (2012) defined two scales of heterogeneity:
global, which encompasses a stand or even a forest, and
local, which is at the scale of tree clump, open gaps, and
single trees. Those advocating restoration often fall into
one of two camps: “structural”’—those who emphasize
first restoring historical stand structure and composition
through mechanical thinning, and “functional”—those
who prioritize use of ecological processes, such as fire, for
restoration (North et al. 2007; Stephenson 1999). Neither
of these two philosophies fits all sites, although in the
specific case of restoring fire to long-unburned sites, many
researchers have recommended structural restoration
(Covington et al. 1997; Fiedler et al. 1996; Knapp et al.
2017; Moore et al. 2004; North et al. 2007), so long as the
process element is instituted in a timely fashion.

Resistance and Resilience

Millar et al. (2007) argue that management for persistence
of a species necessitates taking up a broad ecoregion-
based view and not be wedded to a particular location,
composition, or population level. This practice gives
managers flexibility to target achievable goals. Resistance
and resilience are two options in the adaptive strategy

of assisting ecosystems to accommodate changes due to
climate and its resulting influences on disturbance patterns.
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Understanding the definitions of resistance and resilience
is essential for crafting management objectives and the
practices to achieve them. With expectations of changing
climates impacting future forest vigor, composition, and
structure (Clark et al. 2016), maintaining or enhancing
resistance and resilience is considered an important goal
(Millar et al. 2007). A successful outcome assumes that the
forest ecosystems exposed to disturbances will continue to
provide ecological goods and services (DeRose and Long
2014; Puettmann 2011).

Desiring to make the forest more resistant to climate
change is easier said than done, given the complications
of projecting climate outcomes, the potential effects of
said outcomes on the vegetation community, and the
administrative and legal requirements for any management
actions on public lands. Faced with a multitude of moving
parts, silviculturists can focus on what they do best, which
is manipulating composition and structure (DeRose and
Long 2014).

Differentiating resistance and resilience revolves around
timing or perspective: resistance is the ability of an
ecosystem to withstand or influence the disturbance
(“before” or “during”) and resilience is the ability to
recover from the disturbance (“after”). Just like any
management action, managers should define the scale of
disturbances—stands or landscapes—and develop metrics
for analysis accordingly. Defining such a disturbance
includes recognizing that, depending upon the severity,
both resistance and resilience are impacted (DeRose and
Long 2014) and that management actions can enhance

resistance and resilience simultaneously (Puettmann 2011).

Several definitions emphasize this difference in perspective.

Resistance “(to fire) is the ability of community to remain
unchanged when challenged by disturbances” (DeRose
and Long 2014; Grimm and Wissel 1997); “forestall(s)
impacts and protect(s) highly valued resources” (Millar
et al. 2007); is the “capacity of an ecosystem to retain its
fundamental structure, processes, and functioning despite
stresses, disturbances, or invasive species” (Chambers

et al. 2013); and “[s]tand resistance to disturbance as the
influence of structure and composition on the severity of
the disturbance” (DeRose and Long 2014).

Resilience “is the ability of a forest to survive a wildfire
relatively intact,” which was usually the case in ponderosa
pine ecosystems prior to settlement (Fitzgerald 2005);

is “the capacity of a system to absorb disturbance and
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reorganize while undergoing change so as to still retain
essentially the same function, structure, identity and
feedback” (DeRose and Long 2014; Walker et al. 2004);
seeks to “improve the capacity of ecosystems to return
to desired conditions after disturbances” (Millar et al.
2007); and is “the capacity of an ecosystem to regain its
fundamental structure, processes, and functioning when
subjected to stress and disturbances” (Chambers et al.
2013). DeRose and Long (2014) define resilience as “the
influence of a particular disturbance on structure and
composition” and state that in order to devise effective
management practices, managers must define measurable
attributes that are associated with their desired goals.

Management Activities That Can Promote Restoration

Resistance to fire is enhanced by fuels reduction, lower
stand densities, and removing ladder fuels. Other
management activities include thinning the stand to
increase crown spacing and retaining large trees (Moore
et al. 1999). DeRose and Long (2014) referred to strategic
placement of area treatments (SPLATS) where 20 percent
of the area treated can slow fire by 60 percent.

The multiple uncertainties regarding climate, insect and
disease attack, and forest response can be overwhelming.
Breaking down the analysis into discrete stages, focusing
first on the vegetation influences, followed by attention

to disturbance and disturbance influences, and finally on
vegetation structure and composition in the context of a
specific time horizon may be a prudent approach (DeRose
and Long 2014).

Managers are usually expected to deal with immediate
and long-term concerns at the same time. While there
might be some event that triggers public and management
concerns, such as preventing a wildfire, managers often
approach the treatment, in this case thinning, with the
intent to serve long-term goals, such as increasing

a forest stand’s ability to respond to potential future
drought (DeRose and Long 2014; Lévesque et al. 2014).
Silviculture only “buys time” as trees grow and enter

a vulnerable stage again. Timely treatments increase
resistance but economic and political barriers impede
these timely treatments (DeRose and Long 2014).

In their chapter on maintaining and restoring ecosystems
in Southern Nevada, Chambers et al. (2013) summarize
the range of management actions available to managers
seeking to enhance ecosystem resistance and resilience.
The authors emphasize a “realistic approach” basing
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their goals on the current rather than historical potential
of ecosystems to support a given set of ecological
conditions. They recognized that these vegetation
classifications are fluid, as large-scale tree mortality can
cause ecotones to shift and entire vegetation communities
and regional disturbance patterns to change. While their
recommendations are most appropriate for the Southern
Nevada region, their characterization of ecosystems that
are similar in character to those of the Lassen and the
Modoc bears repeating below (table 2.1.3). It should be
noted that Chambers et al. (2013) emphasize resistance
strategies, which they term “prevention,” to reduce
disturbances such as fire and invasive species.

Forests with a long history of fire suppression are a
prominent landscape feature of the Western United States.

In this situation, the disturbance that DeRose and Long
(2014) would identify as a management goal is to reduce
the impact of catastrophic wildfire and the strategy to
adopt would be resistance. Looking to restore more open
stand structures consistent with historic disturbance
patterns, Fiedler et al. (1996) advocated a resistance
strategy of combining thinning with prescribed burning to
reduce susceptibility to wildfire, and a resilience strategy
of manipulating growing space to favor tree regeneration
and control competition from thin-barked, shade-tolerant
species. The authors recognize the different opportunities
and constraints of the two treatments—the specificity and
ability to remove large trees of harvesting, the efficiency in
removing small trees, especially firs, the reduction in fuels
and stimulation of seedbeds of prescribed burning—and
advocate the judicious combination of both practices.

Table 2.1.3—Resilience and resistance characteristics of the major ecosystem types in Southern Nevada and guidelines for
appropriate management actions (excerpted from table 7.2, Chambers et al. 2013).

Ecosystem

Resistance and resilience

Guidelines for appropriate management actions

Mixed-conifer

Resilience—Moderate to high.
Relatively high precipitation, long
growing seasons, and moderate

Protection—Control inappropriate recreational
activities and overgrazing; detect and eradicate
invasive species.

growth and establishment rates.

Potential to migrate upslope with

climate warming.

Resistance—Moderate to low.
Multiple nonnative invaders

adapted to environmental

conditions; competition with
invaders from established native

plants can be high.

Prevention—Warranted to decrease fuel loads,
restore understory composition, and decrease
invasion. Potential for wildland fire use and
prescribed fire where risk of large or high-severity
fire is low and fire spread can be controlled, and for
tree thinning followed by surface fire or pile burning
in wildland urban interface and areas with higher fuel
loads.

Restoration—Warranted following surface
disturbance or in areas with insufficient fire-tolerant
understory species for site recovery after fire. Seed
burial (drilling) or transplanting natives adapted to
local site conditions and climate warming preferred.

Piflon and juniper
precipitation, long growing

seasons, moderate to slow growth
and establishment. Potential for

Resilience—Moderate. Moderate

Protection—Control inappropriate recreational
activities and overgrazing; detect and eradicate
invasive species; suppress fires at lower elevations
and that threaten ecosystem integrity.

die-off at lower elevations with

climate warming.

Resistance—Low. Many

nonnative invaders adapted

to environmental conditions;
competition from established
shrubs and herbaceous species
dependent on site productivity

and ecological condition.

Prevention—Warranted to decrease fuel loads,
restore understory composition, and decrease
invasion. Focus is on mesic sites in early to
intermediate stages of tree expansion, and in
moderate to high ecological condition. Potential for
wildland fire use and prescribed fire on productive
sites at high elevation; mechanical treatments more
appropriate on sites with low productivity.

Restoration—Warranted following surface
disturbance and in areas with insufficient fire-tolerant
understory species for site recovery after fire. Seed
burial (drilling) or transplanting natives adapted to
local site conditions and climate warming preferred.

USDA Forest Service RMRS-GTR-409. 2020.
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Ponderosa Pine

Restoring Ecosystem Function

To restore ecosystem structure and function, Youngblood et
al. (2004) recommended that managers use: (1) reference
conditions (such as the ones in their study) as guidelines,
but recognize that variability occurs across all situations
and thus treatments must be implemented accordingly;

(2) keep existing live and dead old-growth ponderosa
pines; (3) create and maintain clumps (or at least random
distributions) of trees; (4) slowly reintroduce fire to control
fuels and create both spatial and vertical heterogeneity; and
(5) retain coarse woody debris. The interaction between the
spatial patterns in structure and composition of dry forests
and fire resistance means that restoring the one improves
the other (Hagmann et al. 2013).

Improve Fire Resilience

Focusing more specifically on improving fire resilience
in ponderosa pine forests, (Fitzgerald 2005) repeated the
principles of: (1) reducing surface fuels, (2) removing
ladder fuels, (3) retaining large trees that are more fire

resistant, and (4) increasing the size and randomness of
spacing between tree crowns, as put forth by Agee (2002).

Reintroducing Fire

Reintroducing fire into long-unburned areas could result

in higher-than-desired mortality due to the accumulated
surface and ladder fuels; many researchers (Covington et al.
1997, Fiedler et al. 1996; Fitzgerald 2005; Mast et al. 1999;
Moore et al. 1999) recommend prior nonfire mechanical
treatments, including thinning (fig. 2.1.13). Subsequent
fires would then be less likely to escape and managers
would be able to control the fuel loads in a safer manner.

Opening up the canopy in such a fashion is likely to
change the microclimate of the stand. The resulting drier
forest floors and increased within-stand wind speeds could
potentially lead to increased fire intensity and spread
(Fitzgerald 2005; Weatherspoon 1996), an outcome that
may seem to contradict the goal of reducing severe fires.
Fitzgerald (2005) points out that once the heavy fuel loads
are reduced, such fire patterns can result in a presettlement-
like forest structure (fig. 2.1.14).

Figure 2.1.13—Researchers have recommended preburn mechanical fuels treatments, such as this one within a riparian zone
on the Modoc National Forest, before reintroducing fire into long-unburned areas. Balancing streamside fuels reduction with
riparian zone protection from erosion and high temperatures is a challenging task (photo by James Brogan, Forest Service).
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Figure 2.1.14—Prescribed fire can assist in reducing ground-
level and ladder fuels, reduce stand density, create snags,
such as this one next to Blue Lake on the Modoc National
Forest, and restore those forest functions facilitated by fire
(photo by John Cichoski, Forest Service).

Benefits of Silviculture

Thinning vs. Fire vs. Mortality

Even without catastrophic fires, untreated, dense stands
face other risks. In a long-term study on the Blacks
Mountain Experimental Forest (Crotteau and Ritchie
2014), two treatments (high and low structural diversity)
were implemented on 12 stands with primarily ponderosa
and Jeffrey pines in the overstory. Subsequent to harvest,
half of the stands were burned and the treatments were
compared to neighboring long-untreated (65 years) stands
in a Research Natural Area (RNA). The authors observed
that the RNA (burn, no-thin) had a higher mortality rate
among large trees (24+ inches/60+ cm in diameter),
resulting in a projection of few large trees into the future.

USDA Forest Service RMRS-GTR-409. 2020.

Many of those that would remain were deemed to be at
high risk to fire and beetle attack, casting their future into
doubt as well. Thinned stands displayed less overstory
mortality and an increase in overstory structure as ingrowth
moved into the canopy. Thinned and burned stands
experienced some delayed mortality due to the amount of
elapsed time between the thinning and prescribed burning
(but still much less than the untreated stands), but the fuels
reductions were expected to improve the resilience of the
stands to future fires (Crotteau and Ritchie 2014).

Benefits of Prescribed Fire

Prescribed burning can help lower stand density, reduce
fuel loads, and generally restore ecosystem function to
historically fire-maintained forests. Fires in 1990 and
1994 in the Ishi Wilderness in the Southern Cascades of
California promoted ponderosa pine regeneration and
demonstrated that even the infrequent use of fire can
create presettlement structure and composition (Taylor
2010). Like most pine stands treated with prescribed fire
(e.g., Boyer 1987; Crotteau and Ritchie 2014), a negative
post-burn effect resulting in reduced stand growth can
occur. Nonetheless, the effect of the treatments (burn
and thin) decreases in influence over time. Crotteau

and Ritchie (2014) suggest that these results support

the claim that diverse, multiuse stands can produce as
much as even-aged stands. Where fire is not available

as a management tool, even logged stands may be more
resilient than unburned, unlogged stands that have not
been treated for more than 100 years.

Benefits of Thinning

Thinning, by reducing competition and resultant individual
tree stress, is often recommended as a tool to restore dense
stands to a more resilient state (Daniel et al. 1979; Nyland
2016; Smith et al. 1997) (fig. 2.1.15), including those
stands that have been unburned and otherwise unmanaged
(Covington et al. 1997). The remaining trees can then take
advantage of the released growing space. Examples of this
strategy are found throughout the region. Stands with high
basal area and tree density, factors identified as negatively
influencing diameter growth, are highly prone to lethal
beetle attacks. Thinning of young eastside ponderosa pine
stands in the 1960s and 1970s reduced the basal area to

a level where remaining trees experienced less stress and
were subsequently less vulnerable to insect attack (Fiddler
et al. 1989). Conversely, researchers have related increased
radial growth in thinned stands to lower beetle-caused
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Figure 2.1.15—This view north of Parker Creek looking
south toward the South Warner Wilderness, Modoc National
Forest, is an example of the open nature of ponderosa pine
and western juniper woodlands (photo by Ken Sandusky,
Forest Service).

mortality levels in ponderosa pine stands in Oregon and
South Dakota and higher levels of resin flow from wounds
in Arizona (Kolb et al. 2007). Large trees may be at risk of
mortality even without reintroduction of fire, and thinning
may increase growing space per tree and increase survival
of the large trees (Crotteau and Ritchie 2014). Kolb et al.
(2007) concluded that “judicious thinning” could improve
the health of residual large trees.

Forest Health Benefits

Forests with high density force trees to compete with each
other for light, water, and nutrients (Oliver and Larson
1996) and thus have fewer resources available to defend
against insects and disease. Accordingly, management

that results in large increases in radial stem growth rate of
ponderosa pine can also increase resistance to bark beetle
attacks (Kolb et al. 2007). In Northern New Mexico, a
study of managed second-growth ponderosa pine stands
found that the thinned stands displayed characteristics

of greater resilience, such as maintaining growth during
drought and recovering after drought, and greater mean
tree size and diameter growth, than stands that had not
been treated (Thomas and Waring 2015). The authors
concluded that even faced with severe drought stress, trees
in thinned stands still had enough photosynthate to allocate
to diameter growth. These stands with lower density and
higher individual tree size were also believed to be more
resistant to attack by insects, such as bark beetles. See
Chapter 6.1, Wright, this synthesis, Ecological Disturbance
in the Context of a Changing Climate: Implications for
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Land Management in Northeastern California for more
discussion about bark beetles.

Importance of Large Trees

Restoration treatments often target retaining and
developing large-diameter, fire-resistant pines, usually

by thinning from below or broadcast burning, or a
combination thereof, to recreate perceived historical stand
structure and promote floral and faunal diversity (Crotteau
and Ritchie 2014; Youngblood et al. 2004, and see Chapter
4.1, Hanberry and Dumroese, this synthesis, Biodiversity
and Representative Species in Dry Pine Forests). Although
the focus on large trees may underestimate the ecological
relevance of smaller trees, whose presence can be hard to
reconstruct (Fulé et al. 1997; Hagmann et al. 2013; Larson
etal. 2012; Mast et al. 1999; North et al. 2007; but see
Moore et al. 2004), large old pines provide the structure (or
“backbone”) of ponderosa pine and mixed-conifer forests
(Franklin and Johnson 2012).

North et al. (2007) advise managers desiring to restore

a presettlement forest structure after a period of
suppression not to retain too many small trees. Some
management recommendations require that all prefire
suppression trees be retained in order to recreate historical
structure. However, these trees grew up in a suppression
environment, and retaining all of them may result in a
denser forest than would have occurred under a normal fire
regime (Abella et al. 2006; Larson et al. 2012).

Juniper Woodlands

Historically, pifion-juniper ecosystems have not been
consistently or sustainably managed. More emphasis has
been placed on removing woodland overstory to create
or improve forage for livestock (Gottfried and Severson
1994; Tausch 1999). Thus, not a great deal of information
is available for developing silvicultural prescriptions
specific to the type. Ellenwood (1994) recommended
two-step shelterwood and single-tree selection treatments
which retained tree cover and sustained productivity. It is
challenging, however, to manage this type economically
as the market for small-diameter products is limited
(Gottfried 2004). The selection method can reduce stand
density while maintaining multiple ages and horizontal
and vertical diversity. Managers can also retain trees in
openings, but over the long term must decide whether
the ultimate purpose of the openings is forage or tree
regeneration. Openings intended for tree regeneration
could temporarily benefit livestock and wild ungulates.
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It would require large decreases in overstory to benefit
livestock forage, but individual species of ground
vegetation may respond differently (Gottfried and
Severson 1994).

Restoration of juniper ecosystems to sagebrush benefit
from a landscape-level focus (Tausch and Hood 2007), and
include short-term and long-term components. In the near
term, the principal risk to sagebrush ecosystems is from
land use, whereas long-term risks might be equally derived
from land use and climate change [effects] (Bradley

2010). Once trees are established, removal by harvesting,
chaining, or fire is the principal tactic. Prescribed fire

can be used to control tree establishment; however, the
outcome depends upon the composition and structure
present before the burning. Plant response after removal

of western juniper depends on the seed pools in the soil,
initial plant communities, soils, size of openings, and later
management activities (Miller and Wigand 1994).

In their west-wide study of pifion-juniper ecosystems,
Miller et al. (2008) recommended proactive management
to reduce pinon-juniper woodlands over at least 50

percent of the study area. Failure to do so will result in the
continued decrease in the historic sagebrush landscape.

If the sagebrush component is still present, prescribed
burning is more likely to be successful. Chaining can result
in a 4- to 7-fold increase in biomass of herbaceous species,
but the site could revert to a tree-dominated state within

25 years.

The choice of method requires calculating tradeoffs,
especially in areas associated with greater sage-grouse

(see Chapter 4.3, Dumroese, this synthesis, Sagebrush
Rangelands and Greater Sage-grouse in Northeastern
California). Thinning will reduce basal area with less
subsequent erosion, but chaining exposes more mineral
soil to regeneration and is considerably cheaper. Seeding is
necessary on sites with few understory plants or a limited
seedbank; such sites are vulnerable to entry by invasive
weeds or grasses (Tausch and Hood 2007). A vigorous
Jjuniper regeneration cohort can prove problematic in

such a situation, however. In his study in Central Oregon,
Eddleman (1986) found a large number of western juniper
trees located under existing sagebrush or large juniper trees
in the overstory. Mechanical clearing by itself would only
serve to release the juniper regeneration. Management
activities, such as post-treatment burning, may be necessary
to prevent reversion to the previous woodland state.

USDA Forest Service RMRS-GTR-409. 2020.
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Section 3. Rangeland

Chapter 3.1. Perceptions and History
of Rangeland

Steven D. Warren'

Historical Perceptions of Rangeland

When asked today to define range or rangeland, most
people respond with something such as “open lands

used for grazing by livestock.” That perception, however
common, is incorrect. Range or rangeland is a type of land,
not a type of use. While livestock grazing is, indeed, a
common use of rangeland, it is by no means the only one.
The definition of rangeland is variable and has changed
over the years. The 1872 poem and the later classic western
folk song by Brewster Higley, Home on The Range, pre-
dated the massive expansion of livestock in the Western
United States and makes no mention of livestock; it

refers only to buffalo, deer, and antelope. A century later,
even after the explosion of the livestock population, the
published definition of rangelands was “...those areas of
the world, which by reason of physical limitations—low
and erratic precipitation, rough topography, poor drainage,
or cold temperatures—are unsuited to cultivation and
which are a source of forage for free-ranging native and
domestic animals, as well as a source of wood products,
water and wildlife” (Stoddart et al. 1975). This definition
makes it clear that the presence of domestic livestock,
however common, is not necessary for land to be classified
as rangeland. Twenty years later, the definition, published
again without inclusion of domestic livestock, was “a type
of land that supports different vegetation types including
shrublands such as deserts and chaparral, grasslands,
steppes, woodlands, temporary treeless areas in forests,
and wherever dry, sandy, rocky, saline or wet soils, and
steep topography preclude the growing of commercial
farm and timber crops” (Heady and Child 1994). A decade
later, the definition was “all areas of the world that are not
barren deserts, farmed, or covered by bare soil, rock, ice,
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or concrete” (Holechek et al. 2004). The presence of, and
use by, domestic livestock for grazing is not, and never
has been, a requisite part of the definition of rangeland.
However, because grazing by domestic livestock has been a
common and easily recognized use of many rangelands for
more than a century, people unfamiliar with the history of
rangelands typically equate the two. Thus, a good working
definition of “range” may be “[a]ll lands, except for

urban, agricultural or densely forested lands, that support
predominantly native or naturalized vegetation capable

of sustaining native or domestic grazing and/or browsing
ungulates, whether or not those animals are present.”

History of Grazing in the Western United
States

Grazing domestic livestock in the Western United States
has occurred for nearly 500 years, since the days of the
Spanish explorer Coronado (Holechek et al. 2004; Reyes
Castafieda et al. 1904). Cattle arrived in San Diego in
1769, but it was the discovery of gold in California in 1849
that brought more than 300,000 people (Larson-Praplan
2014), and with them, a demand for red meat that was
largely met by sheep (Beck and Haase 1989) and later by
beef (Jelenik 1999). Demand for beef changed the grazing
paradigm in California from small herds to nearly a million
head by 1860 (Larson-Praplan 2014). Cattle numbers
remained limited in much of the Western United States
until the end of the Civil War in 1865, which triggered
rapid expansion of people and the associated livestock
industry across the West, facilitated by railroads and
favorable Federal policies toward homesteading (e.g., the
Homestead Act of 1862) and grazing. The number of range
cattle and sheep boomed between 1880 and 1890 (Stewart
1936) with most grazing unregulated and on public land.
Land not claimed under the Homestead Act of 1862 was
considered part of the public domain and was available

for use by almost anyone for almost any legal activity;

this became the “open range” (Larson-Praplan 2014).
Ranchers were content to use the “public domain” because
it was free and not susceptible to taxation. Because nobody
owned the land, nobody was responsible to maintain

it, and public domain lands were severely abused and
overgrazed. A consequence of the public domain policy

is often referred to as an example of the “Tragedy of the
Commons” (Hardin 1968).
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In 1891, the Forest Reserve Act withdrew most unsettled
tracts of forested land from the public domain and put it
under the administration of what would become the U.S.
Department of Agriculture, Forest Service for timber
production, while some adjacent and intermixed parcels
of rangeland were allocated for grazing. This continues to
create no small degree of confusion, as the U.S. Grazing
Service (now the U.S. Department of the Interior, Bureau
of Land Management) became responsible for managing
most rangeland and some lands that contain forest.

To encourage continued settlement of marginal lands,
Congress passed the Enlarged Homestead Act of 1909

granting 320 acres to homesteaders for farming (fig. 3.1.1).

In 1916, Congress passed the Stockraising Homestead Act
granting 640 acres to ranchers if they raised at least 50
cows, although the General Accounting Office reported
that on much of the remaining public domain land, due to
climate and/or the degraded condition of the land, it would
require 160 acres to support a single cow for one month.

To reverse a trend of declining range condition, the
Department of the Interior began granting grazing

permits in 1898 to try to limit the number of livestock

on federal land under its jurisdiction, and the Forest
Service, established in 1905, initiated a system of grazing
allotments for rangeland under its jurisdiction. Between
1910 and 1920, a series of laws were established on Forest
Service lands to further regulate grazing. As the laws

were established and enforced, the condition of grazed
rangelands gradually improved. In the 1920s, the discipline
of range management evolved and several universities
established departments of range management to train
landowners and managers in ecological principles related
to the management of rangelands subjected to grazing.

In 1934, Congress passed the Taylor Grazing Act that
withdrew all remaining land from the public domain and
placed it under the jurisdiction of what would become
the Bureau of Land Management (Hurlburt 1935) in

Figure 3.1.1—Vestiges of early homesteading and ranching can still be seen on the Lassen and Modoc National Forests

(photo by KC Pasero, Forest Service).
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order to “...stop injury to the public lands by preventing
overgrazing and soil deterioration.” Under the Taylor
Grazing Act, ranchers could obtain long-term leases

on public land for the purpose of livestock grazing.
Stocking rates were established locally by the Bureau of
Land Management. The Western Range, by Secretary of
Agriculture, H.A. Wallace, and Chief of the Forest Service,
F.A. Silcox, was published in 1936. Wallace and Silcox
(1936), and a chapter authored by Clapp (1936), indicated
that rangelands occupied approximately 728 million acres
(295 million ha), or 40 percent of the total land area of the
coterminous United States. In 1948, the American Society
of Range Management (now known as The Society for
Range Management) was established as a professional
organization dedicated to fostering proper management
of rangelands (Howery 2015). Many changes have been
implemented, including severe reductions in stocking
rates on many permits. While some lands continue to be
severely overgrazed, the slow but generalized trend is
toward improved rangeland condition (Mitchell 2000).
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Chapter 3.2. Rangeland in
Northeastern California

R. Kasten Dumroese’

Introduction

Estimates of rangeland in the United States vary widely
depending on the definition used, but, in general about
one-third of the area of the United States (511 to 662
million acres [207 to 268 million ha] out of 2 billion acres
[800 million ha] in the coterminous United States) is
considered rangeland (Reeves and Mitchell 2011; USDA
2016; USDOI 2013). Rangeland should not be confused
with grazing land that includes rangeland, pastureland,
forestland, or any other land with potential for providing
forage for wild or domestic ungulates (Society for Range
Management 1998, and see Chapter 3.1, Warren, this
synthesis, Perceptions and History of Rangeland). The
U.S. Department of the Interior manages grazing on about
200 million acres (81 million ha), of which its Bureau of
Land Management (BLM) oversees grazing on about 155
million acres (63 million ha) (USDOI 2013), although
only about 135 million acres (55 million ha) of the BLM-
managed ground are considered rangelands (Reeves and
Mitchell 2012). Similarly, although the U.S. Department of
Agriculture, Forest Service manages grazing on 95 million
acres (38 million ha) (USDA 2016), it only manages about
50 million acres (20 million ha) of rangeland (Reeves and
Mitchell 2011).

Forest Service rangeland is managed to sustain its health,
diversity, and productivity and to meet society’s needs

now and in the future (USDA 2015; see USDA 2012 for

an overview of the Nation’s rangeland status). Rangeland
productivity is often associated with forage for livestock.
In the 17 Western States, BLM-managed forage accounted
for about 1.6 percent of the total livestock receipts (USDOI
2013). Although the number of domestic animals permitted
to graze on public lands continues its 100-year decline
(USDOI 2013), grazing remains an important employment
sector in the Sierra Nevada (Stewart 1996) and plays a role
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in sustaining viable ranching operations that maintain large
tracts of open space (Huntsinger et al. 2010).

Rangeland constitutes a large proportion of the Lassen

and Modoc National Forests (hereafter the Lassen and the
Modoc). Of the Modoc’s 1.6 million acres (647,000 ha),
about 1 million (405,000 ha) is considered rangeland, of
which 90 percent is suitable for livestock grazing (USDA
and USDOI 2007). Of that, about 20 percent (320,000
acres [130,000 ha]) is covered with sagebrush (Artemisia
spp.) ecosystem (USDA 1991). On the Lassen, about
410,000 acres (166,000 ha) of the forest’s 1.2 million acres
(486,000 ha) is suitable for grazing. Rangelands include
about 27,500 acres (11,130 ha) of sagebrush, 20,000 acres
(8100 ha) of antelope bitterbrush (Purshia tridentata), and
16,000 acres (6500 ha) grasslands (USDA 1992). Native
ungulates on this rangeland include mule deer (Odocoileus
hemionus) and pronghorn (Antilocapra americana).
Historically, bison (Bison bison) may have also grazed in
Northeastern California (Merriam 1926 cited in Norman
and Taylor 2005). Both forests have a long tradition of
cattle and sheep grazing (see Brown 1945 and Norman and
Taylor 2005) that continues through grazing allotments
administered through a permit system (fig. 3.2.1). Wild
horses also graze these rangelands. Recent, successful
breeding packs of gray wolf (Canis lupus) in Siskiyou and
Lassen Counties suggest these carnivores may become a
factor in the management of native ungulates, livestock,
and wild horses (see Chapter 4.1, Hanberry and Dumroese,
this synthesis, Biodiversity and Representative Species in
Dry Pine Forests).

Grazing in the West, in California, and on the Lassen
and the Modoc, is an important topic because changes in
grazing management can have profound effects on plant
community composition, fire occurrence and effects,

and ranch income and market value (Lewandrowski

and Ingram 2002), The Science Synthesis to Support
Socioecological Resilience in the Sierra Nevada and
Southern Cascade Range (hereafter, Sierra Nevada Science
Synthesis) published by Long et al. (2014) presented
significant discussion about grazing. In particular is
Chapter 6.3—Wet Meadows (Long and Pope 2014).
Despite that seemingly narrow title, the authors note

that grazing “involves a complex interplay of social and
ecological factors.” They also provide a broad overview
of grazing strategies applicable to diverse landscapes
that includes the socioecological perspective and identify
opportunities where disturbance through grazing can
potentially help land managers meet desired ecological
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Figure 3.2.1—A long tradition of grazing cattle and sheep on the Lassen and Modoc continues through a permit system that
ensures proper management of public land (photo by Ken Sandusky, Forest Service).

conditions. In addition, they discuss grazing management
in riparian areas and grazing effects on water quality, soils,
nutrients, vegetation, amphibians, and bumblebees. Causes
and restoration of channel incision are also presented.
Information on monitoring and evaluating management

is provided. The authors also mention the deficiencies of
published grazing research and conclude with discussion
about research needs.

Chapter 9.5 (Managing Forest Products for Community
Benefit) in the Sierra Nevada Science Synthesis provides a
broad and in-depth discussion about balancing ecological
goals with local community well-being (Charnley and
Long 2014), and Section 5 (Society) in this Northeastern
California Plateaus Bioregion Science Synthesis
(particularly Chapter 5.4, Flores and Stone, this synthesis,
Community Engagement in the Decisionmaking Process
for Public Land Management in Northeastern California)
focuses on public input to decision making and in solving
conflict associated with resource management. This is
critical because management occurs within the social
context, no single approach will be universally satisfactory,
and often societal needs supersede biophysical factors

USDA Forest Service RMRS-GTR-409. 2020.

(see Stanturf et al. 2014). Charnley and Long (2014) also
discuss how public land grazing supports conservation of
private rangelands by ensuring that a critical baseline of
resources is available to the industry.

While most of the grazing concepts and concerns

included in the Sierra Nevada Science Synthesis have
direct applicability to dry pine forestland and sagebrush
rangeland, this synthesis builds upon that effort by
focusing more explicitly on the effects of grazing within
the Lassen and Modoc, particularly sagebrush rangeland.
The goal of this chapter is to review the interactions of
climate change, grazing, and carbon storage; the response
of native plant communities to grazing; and grazing effects
on invasive annual grasses. For additional discussion

on grazing, see Chapter 3.1, Warren, this synthesis,
Perceptions and History of Rangeland,; Chapter 3.3,
Padgett, this synthesis, Weeds, Wheels, Fire, and Juniper:
Threats to Sagebrush Steppe; Chapter 4.2, Padgett, this
synthesis, Aquatic Ecosystems, Vernal Pools, and Other
Unique Wetlands, and Chapter 4.3, Dumroese, this
synthesis, Sagebrush Rangelands and Greater Sage-grouse
in Northeastern California.
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Interactions of Climate Change, Grazing,
and Carbon Storage

During the next century, changes in climate are expected to
impact the rangelands of the Lassen and the Modoc. While
most models show climate will warm, debate continues
about how precipitation may be affected. Some models
show drier conditions (Cayan et al. 2008; Polley et al.
2013) whereas others show an increase in precipitation
(Allen and Luptowitz 2017; Reeves et al. 2014). As climate
changes, weather will likely have more year-to-year
variability and more frequent, extreme events, including
drought (see Stanturf et al. 2014 and references therein),
which will impact Western rangelands (IPCC 2007).

On one hand, a climate shift toward warmer temperatures
with less precipitation in Northern California may push
perennial systems, especially in concert with grazing,
toward an annual-dominated system because they have
less resistance (i.e., ability to withstand disturbance) and
resilience (i.e., ability to respond to disturbance) than
annual systems when faced with drought (Ruppert et al.
2015). On the other hand, a climate shift toward warmer
temperatures and more precipitation would increase

net primary production (additions of carbon through
photosynthesis less carbon loss through respiration). Either
change would affect levels of soil organic carbon (SOC),
an important issue in the climate change conversation.

In general and on an area basis, rangeland soils store

less carbon than other temperate, terrestrial ecosystems
(Tanentzap and Coomes 2012), but given their global
abundance, the sequestration potential is significant.
Grazed lands have potential to sequester about 20 percent
of the annual carbon dioxide released (Follett and Reed
2010). Soils comprise the largest pool of terrestrial organic
carbon (Jobbagy and Jackson 2000); more carbon is
typically stored belowground than in aboveground biomass
where it is also less susceptible to loss by disturbance (e.g.,
fire). In addition, biological soil crusts also contribute

to the carbon pool (Elbert et al. 2012; see Chapter 3.4,
Warren, this synthesis, Biological Soil Crusts). This carbon
promotes infiltration of precipitation and a soil’s ability

to hold water, cycle nutrients, and thereby improve plant
growth. On rangelands, these traits provide societal and
ecological benefits (e.g., clean water, clean air, erosion
control, grazing income, recreation, wildlife, biodiversity,
etc.) (Follett and Reed 2010). Thus, research to understand
SOC and the factors that influence it, particularly on
rangelands, is increasing.

50

Often, literature devoted to assessing global carbon
sequestration potential focuses on “grazing land” that
includes, for example, former cropland converted to
pasture. On such sites, increases in SOC can be dramatic
and skew estimates of carbon sequestration potential,
further compounded by differences in other assumptions
used in the models (for example, extent of area). On
rangelands, vegetation type (grass versus shrub), plant
growth characteristics (root mass and dynamics), grazer
type (livestock versus wild ungulates), and climate can all
influence carbon sequestration (Tanentzap and Coomes
2012). In their meta-analysis, McSherry and Ritch

(2013) found that soil texture, precipitation, grass type,
grazing intensity, study duration, and soil sampling depth
explained most of the variation observed in SOC studies.
Overall, they note that increasing grazing intensity on
grassland sites dominated by C3 (cool-season) species
decreased SOC but concluded that grazer effects on SOC
are context-specific, especially because SOC accumulation
is influenced by type of grazer; rangelands grazed by
wildlife are predicted to annually add three times the
SOC compared to those used by livestock (Tanentzap and
Coomes 2012).

SOC is a function of net primary production, particularly
the carbon allocated to the belowground portions of plants
(Jobbagy and Jackson 2000). In their review, Pifieiro et al.
(2010) noted that grazed rangelands receiving less than 16
inches (400 mm) of precipitation had larger amounts of
roots than nongrazed sites, perhaps a function of changing
allocation patterns stimulated by grazing or changes in
plant community composition. Moreover, Evans et al.
(2012) found that on an arid (10.5 inches [270 mm])
bunchgrass-dominated rangeland, SOC was similar under
moderately grazed and nongrazed sites.

Grazing and Native Plant Community
Response

While climo-geographic variables (e.g., soil, climate,
geography, etc.) and plant adaptedness (e.g., genetics)
determine plant communities across the landscape,
grazing is implicated as the primary force that alters that
plant community composition (Twidwell et al. 2013),
and grazing can interact with other factors as well. These
changes may be perceived to be negative, neutral, or
positive, depending on the context. In addition to species
composition, grazing may also affect the ability of a plant
community to withstand disturbance (i.e., resistance)
induced by other factors, such as drought, and the
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community’s potential to return to the pre-disturbance
condition (i.e., resilience).

Broadly at the global scale, when facing climate-induced
drought, grazed perennial systems have slightly less
resistance and resilience compared to nongrazed systems.
Because the effects of drought and grazing are additive,
grazed perennial systems frequently exposed to severe
drought may be more likely to shift toward annual-
dominated systems (Ruppert et al. 2015).

In California, native bunchgrass sites transitioned to
communities of nonnative species as the amount of
grazing increased (Stein et al. 2016). Once nonnative
species invade, grazing of Mediterranean grasslands in
California enhanced abundance of exotic forbs already
present on the site but did not foster invasion by new
exotic forbs, whereas the opposite occurred for exotic
grasses. Conversely, the abundance of native forbs
remained relatively stable but native forb diversity
increased, whereas effects on native grasses were mixed,
with this effect becoming more consequential on drier
sites (Stahlheber and D’ Antonio 2013). For Mediterranean
California grasslands, winter and early spring grazing
yielded the most consistent increases in native plant cover
and diversity (Stahlheber and D’ Antonio 2013), which
could likely be maintained (especially the herbaceous
component; Eldridge et al. 2013) but not enhanced (Stein
et al. 2016) with low-intensity grazing.

These examples highlight the ongoing challenge for

range managers and scientists. That is, understanding
dynamic grazing—plant community changes to inform
management decisions to achieve desired states of
vegetation on the landscape. For nearly 3 decades, state-
and-transition models (Laycock 1991; Westoby et al.
1989) have provided a framework for describing and
analyzing a variety of vegetation dynamics. It is a useful
tool for identifying stable (or current) vegetation states
and subsequent thresholds driven by grazing, invasive
species, fire, etc., or their combinations, where that stable
vegetation state changes (see the review by Cingolani et al.
2005). The flexibility of this model allows range managers
to apply it to a wide variety of field situations, including
sagebrush systems (e.g., Allen-Diaz and Bartolome

1998), and be alerted to sustained processes (alone or in
combination) that produce undesired states (Bestelmeyer
et al. 2004). With this knowledge, focused, site-specific
management tools can be developed to guide grazing
activities (and foster improved communication among land
managers, ranchers, and the general public) in a way as to
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tailor site-specific prescriptions to reach desired ecological
conditions (e.g., Cagney et al. 2010); the desired ecological
condition is often considered to be the existing condition
before excessive disturbance occurred. When manipulating
grazing to obtain a desired plant community composition is
proposed, modifying grazing prescriptions may (Porensky
et al. 2016) or may not (Stein et al. 2016) result in the
desired condition.

Wild Horses

Management of wild horses (Equus ferus) and burros
(Equus asinus) is a contentious and emotionally charged
topic (fig. 3.2.2). The 1971 Wild Free-Roaming Horses
and Burros Act requires management of these species

to maintain their presence on Western rangelands while
ensuring that wildlands are sustainably managed. This is a
challenge for land managers. First, research has found that
wild horse populations can increase up to 20 percent each
year and the 1971 Act stipulates removing animals in order
to maintain desired ecological conditions (see Garrott and
Oli 2013; Natural Research Council 2013). Second, the
costs to maintain captured horses increased $55 million
between 2000 and 2012, accounting for 60 percent of the
entire wild horse and burro management program (Garrott
and Oli 2013). Third, divergent social perspectives have
made finding consensus about management practices
difficult (see Chapter 5.3, Flores and Haire, this synthesis,
Ecosystem Services and Public Land Management).

On one hand, Beever and Aldridge (2011) note the

effects of wild horses on ecosystems, as is the case

with all herbivores, will vary depending on a variety of
factors, such as elevation, wild horse population, season,
and duration of use. On the other hand, the presence of
unmanaged or poorly managed wild horses in sagebrush
rangelands can lower the cover of grass, shrub, and overall
plant cover, which can have serious implications for greater
sage-grouse (Centrocercus urophasianus; see Chapter

4.3, Dumroese, this synthesis, Sagebrush Rangelands

and Greater Sage-grouse in Northeastern California);
increase the abundance of annual invasive grasses such

as cheatgrass (Bromus tectorum); and compact the soil to
reduce water infiltration and the activity of ants, which
provide important ecological services including roles in
water infiltration and carbon sequestration (Beever 2003;
Beever and Aldridge 2011; Beever and Herrick 2006).
Ants also are an important food source for greater sage-
grouse, especially chicks (Ersch 2009). Ants play a key
role in maintaining rangeland health through, for example,
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Figure 3.2.2—Wild horses on the Modoc National Forest are managed through the Devil's Garden Plateau Wild Horse Territory
Management Plan (Jeffers 2013) (photo by Ken Sandusky, Forest Service).

their modification of soil chemical and physical properties,
seed dispersal activities, and disturbance effects on plant
diversity (see Carlisle et al. 2018). Davies et al. (2014)
note that impacts from wild horses can be intensive even at
low populations because, unlike domestic livestock whose
grazing is more intensively managed, wild horse grazing
is largely unmanaged and occurs year-round. Thus, wild
horse grazing can greatly increase the overall impact from
nonnative grazers on the landscape (see also Beever and
Brussard 2000). Moreover, this effect may be exacerbated
during drought (Beever and Aldridge 2011).

In response to the contentious nature of wild horse and
burro management in the West, the National Research
Council (2013) released a nearly 400-page review of the
science related to sustainable management. The nine-
chapter report describes the issues; discusses population
processes, size, growth rates, and fertility management;
examines genetic diversity and population models;
provides framework for establishing and adjusting
appropriate management levels; and discusses necessary
social considerations for managing horses and burros.
Currently, wild horses on the Modoc are managed under

52

the Garden Plateau Wild Horse Territory Management Plan
(Jeffers 2013), which outlines management for the next

15 to 20 years on about 225,000 acres (91,000 ha) of the
Modoc. The plan, in cooperation with the BLM describes
desired future conditions, population control, improvement
projects, and habitat monitoring. Still, management
remains contentious.

Grazing Effects on Invasive Annual
Grasses

The concept of using livestock to reduce fuel loads and
subsequent fire frequency and severity, particularly on
sites with invasive annual grasses, has been discussed for
decades, and was the focus of a recent comprehensive
review (Strand et al. 2014; see textbox 3.2.1). On one
hand, the authors note that invasion by annual exotic
grasses can occur with or without grazing, but high-
intensity grazing encourages invasion by reducing
competition from desired native vegetation. On the other
hand, properly timed grazing has been shown to suppress
the invaders, but results vary and are often contradictory
because of site-specific characteristics and the timing and
intensity of grazing (Chambers et al. 2014).
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Textbox 3.2.1—Key findings of Strand et al. (2014).

» High-severity grazing (i.e., greater than 50 percent
utilization), especially in the spring during initiation
of bolting of perennial grasses, can suppress
competition from native herbaceous plants and
cause soil disturbance that can favor annual invasive
grasses, including cheatgrass.

Livestock grazing at low/moderate severity (i.e.,
less than 50 percent utilization) generally has little
influence on the cover of perennial grasses and forbs.

A window of opportunity may exist for targeted grazing
to reduce annual grasses before perennial grasses
initiate bolting or during dormancy of perennial
grasses.

Livestock grazing can reduce the standing crop of
perennial and annual grasses to levels that can
reduce fuel loads, fire ignition potential, and spread.

Grazing after perennial grasses produce seed

and enter a dormant state can reduce the residual
biomass left on the site, thereby decreasing the fire
hazard the following spring and summer.

e Economic analyses reveal that fuel treatments in
sagebrush ecosystems have the highest benefit/
cost ratio when the perennial grasses comprise
the dominant vegetation, i.e. prior to annual grass
invasion and shrub dominance.

In Northern Nevada, cattle grazing in May targeting a
cheatgrass-dominated rangeland (50 to 60 percent cover)
effectively reduced cheatgrass biomass (80 to 90 percent
removal achieved in a 2-day period) and subsequent
intensity of prescribed fire the following fall. When grazed
again the next spring, cheatgrass was reduced to a level
that prevented prescribed fire from carrying (Diamond

et al. 2009).

In their review of Western rangelands, Strand et al. (2014)
concluded that grazing cheatgrass in early spring prior

to active growth of native perennial grasses was the best
opportunity to reduce cheatgrass. Smith et al. (2012) point
out that to be successful, initiation of grazing must be
based on the growth stage of the annual grass, not simply
a calendar date. Because early season grazing targets
removal of green seed heads, Mosely and Roselle (2006)
further suggest pulsed grazing events because grazed
cheatgrass can regrow seed heads. Moreover, such winter
and early spring grazing of interior California grasslands
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yielded increases in native plant cover and diversity
(Stahlheber and D’ Antonio 2013). Similarly, in Central
California, short-term, high-intensity grazing by sheep
conducted just prior to inflorescences reduced medusahead
(Taeniatherum caput-medusae, syn: Elymus caput-
medusae) cover substantially and increased forb cover and
diversity (DiTomaso et al. 2008).

The presence of greater sage-grouse, however, complicates
implementation of spring grazing strategies, especially
those with multiple re-entries, as the best time to apply
grazing to reduce annual grasses coincides with brood
rearing, when maximum herbaceous cover is desired to
reduce nest predation (see Chapter 4.3, Dumroese, this
synthesis, Sagebrush Rangelands and Greater Sage-
grouse in Northeastern California). Promptly removing
grazers after a single, targeted, short-duration event before
resumption of growth of dormant, desired vegetation may
be a way to reduce annual grasses and maintain vigor
(Strand et al. 2014) and/or increase cover and diversity
(Stahlheber and D’ Antonio 2013) of native plants
beneficial to greater sage-grouse.

Davison (1996) suggests that intensive grazing be
employed to reduce fire danger on sites now dominated by
annual invasive grasses with little to no desired perennial
vegetation. This may also improve the spring nutritional
status of livestock, defer grazing on adjacent perennial
rangelands, lower fire suppression costs, and protect
adjacent, more pristine rangeland. Frost and Launchbaugh
(2003) provide a pragmatic approach to developing and
implementing grazing plans with an emphasis on weed
management, and the Smith et al. (2012) management
guide illustrates annual grass phenological stages to target.

Grazing Effects on Soil Properties

In their review, Drewry et al. (2008) note that grazing
animals alter soil properties, which can have direct and
indirect effects on subsequent plant growth. Changes in
soil properties are a consequence of hoof activity. While
greater treading by horses, cows, and sheep associated with
increasing levels of stocking may damage plants, disrupt
the soil surface, and be readily observed by land managers,
changes in soil properties are less visible but may be more
important. Of the soil properties investigated, bulk density
is perhaps the most important. Grazing animals apply
appreciable vertical force onto the soil, especially when
walking (Greenwood and McKenzie 2001), and this force
compresses the soil and thereby increases bulk density.
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Grazing-induced increases in bulk density as a result of
treading are consistently reported (Drewry et al. 2008;
Evans et al. 2012; Greenwood and McKenzie 2001; Tate
et al. 2004). The size of the grazing animal also influences
the impact; a single cow imparted a greater change in soil
bulk density than did three deer or six sheep (Cournane et
al. 2011). Areas with higher incidence of treading, such as
where animals congregate (i.e., water sources, shade) or
travel repeatedly (i.e., along fence lines) have higher bulk
densities compared to other grazed areas (Greenwood and
McKenzie 2001; Tate et al. 2004). High stocking rates with
long treading intervals on wet soils, and the subsequent
increases in bulk density are associated with declines in
pasture productivity (Drewry et al. 2008).

Increases in soil bulk density are associated with decreases
in the abundance of macropores. Macropores promote soil
acration and water infiltration and decrease resistance to
root growth. These factors affect plant growth, microbial
and invertebrate communities, and accumulation of SOC.
The impacts on soil bulk density by treading of grazing
animals is greater when soils are wet (i.e., winter and
spring) (fig. 3.2.3) and more pronounced on finer-textured
soils (i.e., those with more silt and clay relative to sand)
(Cournane et al. 2011; Drewry et al. 2008; Greenwood and
McKenzie 2001). In a long-term (30-year) grazing study
on a semiarid grassland with a loam soil, grazed plots had
higher soil bulk density than nongrazed plots, and spring
grazing (wetter soil) at moderate stocking (45 to 50 percent
consumption of available forage) increased soil bulk
density in the top 6 inches (15 cm) of the soil profile more
than fall grazing (drier soil) (Evans et al. 2012).

Research by Tate et al. (2004) on long-term plots on the
San Joaquin Experimental Range in the Sierra Nevada
found that bulk densities varied by canopy cover type,
with soils under an open grassland having greater bulk
density than soils residing under landscapes having 30
percent tree (either pine [Pinus] or oak [Quercus]) or
shrub (ceanothus [Ceanothus]) canopies. Eldridge et

al. (2015) concluded that shrubs help moderate grazing
impacts by: (1) restricting access of grazing animals to
soil under their canopies, which reduces changes to bulk
density; (2) improving water infiltration through lower
bulk density and increased litter cover, the latter fostering
decomposition and soil aggregation; and (3) protecting
the biological soil crust (see Chapter 3.4, Warren, this
synthesis, Biological Soil Crusts).
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Grazing intensity also affects bulk density. Increasing the
amount of residual dry matter (native annual grass) on

a Sierra Nevada site to more than 980 pounds per acre
(1,100 kg per ha) by reducing grazing intensity decreased
bulk density about 10 percent compared to sites having less
than 400 pounds per acre (450 kg ha) (Tate et al. 2004).
On these same sites, characterized by coarse-textured soils,
absence of livestock grazing allowed soil bulk density

to return to the same level as that found on sites where
grazing was excluded for more than 26 years. It is likely
that recovery time of rangeland soil bulk densities will
depend on soil texture, with finer-textured soils requiring
more time.

Meeting Grazing Management Objectives

While much of the literature focuses on the ecological
aspects of grazing, more emphasis is finally being
placed on better understanding the socioecological
underpinnings of grazing and their relevance, given the
strong and centuries-long influence of human activity
(including politics) on grazing of rangelands (Bennett et
al. 2013; Thevenon et al. 2010). This is critical, as Briske
et al. (2011) conclude that while purposeful rotation of
livestock can achieve diverse management goals, a robust
science literature shows it may not necessarily provide
specific ecological endpoints. The authors contend that
this is because experiments have intentionally excluded
the human management component, including manager
objectives, experience, and decision making. Given

this shortcoming but the need to sustain the rangeland
ecosystem, Follett and Reed (2010) conclude that
development and implementation of necessary and
effective management plans are more likely to succeed
if done at more local levels with active engagement from
all stakeholders. In Chapter 5.1 (Flores, this synthesis,
An Introduction to Social, Economic, and Ecological
Factors in Natural Resource Management of Northeastern
California Public Lands) it is noted that decision making
for ecosystems requires balance between the complexity
of the ecosystem and the various ecosystem benefits
provided to a broad palette of stakeholders. Successful
collaborations promote dialog and afford the community
opportunity to address management challenges and
solutions, strengthen local livelihoods, utilize ecosystem
service, and sustain the ecosystem. While Flores
approaches the topic of community engagement in the
decisionmaking process from a forest management
perspective, the discussion and tenets are applicable to any
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Figure 3.2.3—Livestock grazing can change soil properties, especially when soils are wet (photo by Ken Sandusky, Forest

Service).

ecosystem, including rangelands. As Eldridge et al. (2013)
conclude: “Ultimately, however, the prevailing land use is
likely to depend on social systems and human decisions,
and how society reconciles competing valuations of
ecosystem services related to soil carbon, grazing and
wildlife habitat.”

Regardless, meeting management objectives will involve
movement of livestock across the landscape at densities
that allow the ecological system to thrive. Although

Bailey and Brown (2011) suggest that attentive and timely
adjustments to herd size and location at the landscape scale
is “more likely to be effective in maintaining or improving
rangeland health than fencing...” a system of fencing is
typically used to constrain livestock movement to focus
grazing and avoid overconsumption of preferred plants

or grazing areas at crucial times, such as during sage-
grouse nesting (see Chapter 4.3, Dumroese, this synthesis,
Sagebrush Rangelands and Greater Sage-grouse in
Northeastern California) or during the critical late-summer
period in riparian zones (see Long and Pope 2014), rather
than periodic deferments of these areas throughout the
season (Bailey and Brown 2011). Such enclosures could
be used to provide short-term, concentrated grazing on
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invasive annual grasses (see above). While fencing may be
useful, it comes with drawbacks as well. Different types of
fencing can affect movement of wild ungulates differently
(e.g., Gates et al. 2012; Karhu and Anderson 2006; and
references therein), and even impact greater sage-grouse
mortality (see the grazing impact section in Chapter 4.3,
Dumroese, this synthesis, Sagebrush Rangelands and
Greater Sage-grouse in Northeastern California).

Monitoring grazed rangelands is essential to meeting
multiple-use objectives because it documents

ecological changes on the rangeland that can be used

to adjust management. A recent look at Bureau of Land
Management allotments found that just less than two-
thirds of them had been monitored. Of those not meeting
standards, only a third had a full suite of monitoring

data (Veblen et al. 2014). The authors noted that their
independent data acquisition, along with conversations
with rangeland experts, revealed that monitoring ground
cover needed more emphasis as a grazing-related metric
(table 3.2.1). Indeed, Fynn et al. (2017) conclude that the
previous year’s effects on grazing (which would be known
with monitoring) can have a profound implication for
current-year management, because of the lag effect among
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Table 3.2.1—Results of informal conversations with Federal
(n = 20) and university (n = 20) rangeland science experts on
how best to prioritize monitoring of rangeland condition and
livestock impacts. Experts were presented with a hypothetical
monitoring scenario (table 3 in Veblen et al. 2014).

Federal University

Monitoring priority (%) (%)
Cover 55 70
Bare ground 25 15
Gap 5 5

Production 10 10
Frequency 5 0

Density 10 10
Utilization 35 25
Cattle and/or wildlife condition 5 10
Soils 25 10
Reference areas or ecological site 30 40
Photos 30 15
Remote sensing 30 35
Identification of at-risk areas 25 15

years on rangeland recovery. They note this lag of recovery
will vary more as climatic variability continues to become
more extreme, and thus suggest a more conservative
approach to determining stocking rates in order to maintain
greater heterogeneity on the landscape. Otherwise, a
mismatch between stocking levels and carried-forward
forage levels can result in overstocking that overrides

all other management initiatives and objectives. Tillman

et al. (2006) conclude that maintaining biodiversity
(another aspect of greater heterogeneity) promotes
ecosystem stability. Thus, maintaining greater diversity
and heterogeneity can maintain the productivity and
stability of livestock populations (Fynn 2012; Hobbs et al.
2008) as well as the stability of wildlife, especially greater
sage-grouse, other obligate sagebrush fauna, and mule
deer. Finally, increasing plant species richness (diversity)
positively increases abundance of other flora and fauna,
including pollinators, while decreasing the abundance and
diversity of invading plant species (Scherber et al. 2010).

Restoration

Social Aspects

Undoubtedly, restoration of rangelands involves a social
component. A discussion (from a forestry perspective)
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about the necessity of community engagement in meeting
management (including restoration) goals is included in
Chapter 5.1 (Flores, this synthesis, An Introduction to
Social, Economic, and Ecological Factors in Natural
Resource Management of Northeastern California
Public Lands). That discussion is readily applicable to
sagebrush rangelands as well, and critical to building the
relationships and trust needed to garner greater support
for restoration activities. Gordon et al. (2014) add to this
discussion by noting specific public views on various
rangeland restoration practices based on surveys. They
found that the general public was more accepting of
prescribed fire, grazing, felling, and mowing treatments
than those that included herbicides and chaining. These
practices were also more acceptable to people who
expressed greater concerns that inaction was unacceptable.
Even so, with the exception of livestock grazing to
reduce fine fuels, none of these restoration treatments
were embraced by more than half of the respondents.
Interestingly, simply providing more information about
the merits of these techniques was unlikely to gain more
support, rather, land managers building trust with the
public is the better avenue for implementing any of these
practices more widely. As part of this trust, the process
used to make management decisions has a strong impact
on how stakeholders view the decisions and subsequent
implementation (Shinder et al. 2002), and this process
requires that all parties participate in give-and-take
discussion toward eventually understanding the rationale
for the treatment and have input into the potential tradeoffs
and outcomes associated with it.

Landscape to Local

A current emphasis of sagebrush rangeland restoration

is improving habitat for greater sage-grouse. Some
conservationists consider greater sage-grouse an “umbrella
species” for sagebrush ecosystems. The assumption with
this management philosophy is that other sagebrush-
obligate species of concern (as well as other flora

and fauna associated with the sagebrush biome) will
simultaneously benefit when the sagebrush ecosystem is
managed and/or restored for greater sage-grouse (Rowland
et al. 2006). For example, 85 percent of the restoration
associated with conifer removal to improve greater
sage-grouse habitat across the Western United States also
coincided with moderate to high levels of the sagebrush-
obligate Brewer’s sparrow (Spizella breweri) (Donnelly

et al. 2017). Similarly, in Wyoming, 50 to 90 percent of
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the restoration work for greater sage-grouse overlapped
migration, stopover, and wintering areas of mule deer
(Copeland et al. 2014). Conifer removal to restore

greater sage-grouse habitat increased butterfly species
richness and abundance at most sites (Mclver and Macke
2014). And, these treatments were modeled to increase
potential forage 37 percent and ranch income 15 percent
(McClain 2012; see Chapter 4.3, Dumroese, this synthesis,
Sagebrush Rangelands and Greater Sage-grouse in
Northeastern California). Thus, considering rangeland
restoration through the lens of sage-grouse restoration has
merit.

Several recent research efforts have concentrated on
prioritizing restoration and quantifying its effectiveness

at the landscape level. These efforts have included
mapping tree cover across the range of greater sage-grouse
(Falkowski et al. 2017), determining frameworks for
removing encroaching conifers (Reinhardt et al. 2017),
and assessing effectiveness of seeding treatments after
wildfire (Arkle et al. 2014).

Beginning restoration with an eye toward landscape
function is prudent. Fuhlendorf et al. (2017) contend that
restoration and conservation should focus on landscape
processes such as fragmentation, conifer encroachment,
and habitat conversion. Otherwise, reliance on local
management efforts that enable populations to persist will
be for naught because such activities do not create suitable
habitat at a scale necessary for the species to thrive.

Even so, incremental, local management efforts, if done

in sufficient quantities across the landscape can achieve
desired landscape-level results. For example, some recent
work is demonstrating that landscape-level restoration

for greater sage-grouse is improving rangeland health. In
Southeast Oregon (and just north of the Modoc), removing
conifers from about 20 percent of an 84,000 acre (34,000
ha) area during an 8-year period in increments of 42 to
6,200 acres (17 to 2,500 ha) resulted in improvements in
annual female and nest survival (6.6 and 18.8 percent,
respectively) and an estimated 25 percent increase in
overall population growth compared to the nontreated
control areas (Severson et al. 2017). Conifer removal is
also known to increase songbird (Donnelly et al. 2017;
Holmes et al. 2017) and forb (Bates et al. 2017) abundance
and soil water availability (Roundy et al. 2014), and yield
longer seasonal streamflow (Kormos et al. 2017).

The goal of sagebrush rangeland restoration is enhancing
the resistance and resilience of the system to current
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and future disturbances so that ecosystem services and
function continue. During the last decade appreciable
research and effort has been made to link prioritization of
restoration with frameworks to guide the science-based
resistance and resilience. In particular, Chambers et al.
(2017) describe five indicators of resistance and resilience
for sagebrush rangelands, the objectives associated

with those indicators, and strategies for achieving those
objectives (table 3.2.2). Specific guides to science-based
restoration practices have been developed to support the
achievement of resistance and resilience in rangeland
restoration (table 3.2.3).

Summary

The Lassen and Modoc manage extensive rangeland and
grazing land and support a long tradition of livestock
grazing. Changes in climate are predicted to impact these
ecosystems, but uncertainty remains a challenge for land
managers. While rangelands store less carbon than many
other types of ecosystems, rangeland SOC is a significant
contributor to global carbon sequestration. Livestock
grazing affects rangelands. Notably, grazing may affect
the ability of rangeland to withstand disturbance (i.e.,
resistance) induced by drought and other factors, and

the potential of rangeland to return to its pre-disturbance
condition (i.e., resilience). Grazed rangelands with a

high abundance of perennial species have slightly less
resistance and resilience compared to nongrazed systems.
Grazing can also influence the occurrence and abundance
of plants species, which has implications for managing fire
frequency and intensity and providing habitat for obligate
sagebrush species such as greater sage-grouse. Managing
grazing intensity and the level of residual dry matter that
remains on the site can ensure soil physical properties
conducive to productivity and water infiltration continue.
Wild horses, which are often managed less intensively
than livestock, present a particularly vexing challenge to
land managers, highlighting the fact that societal values
and the human decisionmaking process drive management
decisions and community engagement is essential in
devising successful management plans. Monitoring is
necessary to ensure management objectives are achieved,
and to determine when restoration is required. Maintaining
the ecosystem services provided by rangelands, i.e.,
rangeland function, may be more appropriate than
attempting to restore to an historic reference condition.
Recent efforts have provided science-based, practical
approaches, frameworks, and guidelines for restoring
sagebrush-dominated rangelands.
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Table 3.2.2—Five indicators of resistance and resilience in sagebrush rangelands, restoration objectives associated with those
traits, and strategies for achieving desired levels of resilience and resistance. From Chambers et al. (2017).

Indicator of resistance
and resilience

Restoration objective

Strategies for achievement

Extent and connectivity of
sagebrush ecosystems

Minimize fragmentation to
maintain large landscape
availability and connectivity

for sage-grouse and other
sagebrush dependent species.

Secure conservation easements to prevent conversion to
tillage agriculture, housing developments, etc., and maintain
existing connectivity.

Develop appropriate public land use plans and policies to
protect sagebrush habitat and prevent fragmentation.

Manage conifer expansion to maintain connectivity among
populations and facilitate seasonal movement.

Suppress fires in targeted areas where altered fire regimes
(due to invasive annual grasses, conifer expansion, climate
change, or their interactions) are resulting in fire sizes and
severities outside of the historical range of variability*,
increasing landscape fragmentation, and impeding dispersal,
establishment, and persistence of native plants and animals.

Functionally diverse plant
communities

Maintain or restore key structural
and functional groups including
native perennial grasses, forbs,
and shrubs and biological crusts
to promote biogeochemical
cycling and hydrologic and
geomorphic processes, promote
successional processes, and
reduce invasion probabilities.

Manage grazing to maintain soil and hydrologic functioning and
capacity of native perennial herbaceous species, especially
perennial grasses, to effectively compete with invasive plant
species.

Reduce conifer expansion to prevent high-severity fires

and maintain native perennial herbaceous species that can
stabilize geomorphic and hydrologic processes and minimize
invasions.

Restore disturbed areas with functionally diverse mixtures of
native perennial herbaceous species and shrubs with capacity
to persist and stabilize ecosystem processes under altered
disturbance regimes and in a warming environment.

Introduction and spread of
nonnative invasive plant
species

Decrease the risk of nonnative
invasive plant species
introduction, establishment, and
spread to reduce competition
with native perennial species
and prevent transitions to
undesirable alternative states.

Limit anthropogenic activities that facilitate invasion processes
including surface disturbances, altered nutrient dynamics, and
invasion corridors.

Use early detection and rapid response for emerging invasive
species of concern to prevent invasion and spread.

Manage livestock grazing to promote native perennial grasses
and forbs that compete effectively with invasive plants.

Actively manage invasive plant infestations using integrated
management approaches such as chemical treatment of
invasives and seeding of native perennials.

Wildfire regimes outside
of the historical range of
variability

Reduce the risk of wildfires
outside of the historical range of
variability to prevent large-scale
landscape fragmentation and/or
rapid ecosystem conversion to
undesirable alternative states.

Reduce fuel loads to: (1) decrease fire size and severity and
maintain landscape connectivity, (2) decrease competitive
suppression of native perennial grasses and forbs by woody
species, and thus (3) lower the longer-term risk of dominance
by invasive annual grasses and other invaders.

Suppress fires in low- to moderate-resistance and resilience
sagebrush-dominated areas to prevent conversion to invasive
annual grass states and thus maintain ecosystem connectivity,
ecological processes, and ecosystem services.

Suppress fires adjacent to or within recently restored
ecosystems to promote recovery and increase capacity to
absorb future change.

Use fuel breaks in carefully targeted locations along existing
roads where they can aid fire-suppression efforts and have
minimal effects on ecosystem processes.
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Table 3.2.2—(Continued).

Indicator of resistance
and resilience

Restoration objective

Strategies for achievement

Ecosystem recovery
toward desired states
following disturbance

Restore and maintain ecosystem
processes and functional
attributes following disturbance
that are consistent with current
and projected environmental
conditions and allow ecosystems
to absorb change.

Assess postdisturbance conditions and avoid seeding where
sufficient native perennial herbaceous species exist to promote
successional processes, stabilize hydrologic and geomorphic
processes, and make conditions conducive to recruitment of
sagebrush.

Consider seeding or transplanting sagebrush species adapted
to site conditions following large and severe wildfires that
decrease recruitment probabilities to increase the rate of
recovery and decrease fragmentation.

In areas with depleted native perennials, use species and
ecotypes for seeding and outplanting that are adapted to site
conditions and to a warmer and drier climate where projections
indicate long-term climate change.

Avoid seeding introduced forage species that outcompete
natives.

*Historical range of variability and natural range of variability are essentially the same.

Table 3.2.3—Science-based restoration guides to implement local activities toward achieving resistance and resilience on

sagebrush rangelands.

Reference Description

Pyke et al. 2015a
Pyke et al. 2015b
Pyke et al. 2017
Miller et al. 2014
Miller et al. 2015

Maestas and Campbell 2014
resilience

Chambers 2016

Concepts for understanding and applying restoration

Landscape-level restoration decisionmaking

Site level restoration decisionmaking

Selecting the most appropriate treatments with respect to invasive annual grasses
Rapidly assessing post-wildfire recovery potential

Using soil temperature and moisture regimes to predict potential ecosystem resistance and

Compilation of 14 fact sheets with “how-to” descriptions for a variety of restoration activities

USDA Forest Service RMRS-GTR-409. 2020.
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Chapter 3.3. Weeds, Wheels, Fire,
and Juniper: Threats to Sagebrush
Steppe

Pamela E. Padgett’

Introduction

The Great Basin can be defined floristically by plant
communities dominated by species of sagebrush
(Artemisia) and saltbush (Atriplex) in its southern portions
and in its northern portions by sagebrush steppe and
woodlands dominated by juniper (Juniperus). By this
definition, nearly 7.4 million acres (3 million ha) of Great
Basin sagebrush steppe exists in the coterminous United
States. It can also be defined hydrologically as the area

in the Western United States that is internally drained;

in other words, with a few exceptions, precipitation

does not ultimately flow to the oceans, but remains in

the basin (USGS 2016). The hydrologic definition is
somewhat smaller in area, but important for restoration
purposes (Svejcar et al. 2017). Studies clearly show that
the sagebrush steppe has been in a continued state of
change for many years. Portions of the Lassen and Modoc
National Forests (hereafter the Lassen and the Modoc)
occur in the northern portion of the Great Basin, which
contains the unique Modoc Plateau subregion.

Geologic changes since the Pleistocene (about 11,700
years before present) have led to a drying-out of the area
from an area of extensive wetlands and marshes to the
semi-desert it is today. Beginning in the 1850s, human
perturbations had significant impacts of plant community
structure. But even before the gold rush of the 1850s,
indigenous peoples manipulated the landscape through fire
to increase food supplies and thwart enemies (McAdoo

et al. 2013). The Modoc Plateau was not a particularly
rich source of gold (https://www.fs.usda.gov/detail/

modoc/learning/history-culture/?cid=stelprdb5310687),
although the mountains to the west and south were
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quite productive. With dwindling forest resources near
active mines, even distant mines had profound effects on
woodland resources in the Great Basin. Wood was needed
to fuel the mills (heating furnaces and creating charcoal)
and to provide timbers to build and support the mining
structures. Woodcutters were traveling more than 50
miles (80 km) to acquire the necessary trees (Morris and
Rowe 2014). It was the demand for food and fresh meat
to feed the booming mining towns that really opened up
the sagebrush steppe for settlement (Svejcar 2015). In
1862 when the Homestead Act was signed, 160 acres (65
ha) was given to any man who could prove after 5 years
that he had “improved” the land. Improvements required
proof of cultivation and construction of a dwelling.
Because a sustainable cattle and sheep operation was not
feasible on 160 acres, the use of public, unpatented land,
was extensive and on a first come, first feed basis (Morris
and Rowe 2014). In 1909, the Enlarged Homestead Act
increased the acres allotted to 320 acres (129 ha) and in
1916, to 640 acres (259 ha), in part as recognition that 160
acres was insufficient for livestock operations (Svejcar
2015). Although some knew, and argued, that even 640
acres was insufficient for a profitable livestock operation,
and ranchers would still need open rangeland to graze
their herds. One of the requirements of the 1909 Act was
an increase in acres cultivated; 20 acres had to be under
cultivation by the second year, and 40 acres (16 ha) from
the third until the fifth and final year of the contract. This
ushered in the establishment of dryland wheat cultivation,
a project that the U.S. Department of Agriculture had
been working on for some time (Gates 1968). And many
believe it was the introduction of dryland wheat that
brought cheatgrass (Bromus tectorum) to the Great Basin.
Homesteading also increased pressure on what little
woodlands were left for construction of dwellings and
fences (Morris and Rowe 2014).

Homesteading and livestock ranching went through a
series of booms and busts, harsh winters and unrelenting
droughts in the late 1880s. By the 1890s, ranchers were
rethinking 100-percent dependence on open range and
began planning for cultivated hay to be used as winter
feed, further expanding tillage in the Great Basin. Morris
and Rowe (2014) argue that the disturbances caused by
cropping exceed those caused by livestock. Management
on unclaimed Federal land did not happen until 1934,
when the Taylor Grazing Act was enacted. Until then, it
was first come, first serve on the public lands and many
acres near homesteads became clear examples of “the
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tragedy of the commons.” It has been argued that what we
see today on the sagebrush steppe is more a relic of the
early part of the last century and less the effects of today’s
management. In any event, past events leave us with
today’s challenges in returning the sagebrush steppe to its
unique ecological function.

The vast acreage of sagebrush steppe occupying the
Lassen and Modoc is one of the key features that sets
these national forests apart from the other national forests
occupying the Sierra and Cascade ecoregions. By and
large, the greatest use of these lands for human benefit

is in livestock grazing. Grazing has changed natural
processes and functions of the sagebrush steppe, creating
both intended and unintended consequences. Some of
these consequences are impacting grazing use itself. The
Lassen and the Modoc completed extensive literature and
resource reviews in 2010 when they each developed a
Travel Management Plan (USDA 2010a, b). In addition,
the Modoc’s Environmental Impact Statement (EIS) for
management of the sagebrush steppe ecosystem was
finalized in April 2008 (USDA et al. 2008). And parts

of both forests are covered by the Science Synthesis to
Support Socioecological Resilience in the Sierra Nevada
and Southern Cascade Range (hereafter, Sierra Nevada
Science Synthesis) (Long et al. 2014) and the Synthesis of
Science to Inform Land Management within the Northwest
Forest Plan Area (hereafter Northwest Forest Plan Science
Synthesis) (Spies et al. 2018). Because neither of these
syntheses addresses the sagebrush steppe and during

the last few decades ecosystem changes that reduce
biodiversity and habitat suitability for several species
have become a serious management problem, this chapter
focuses on primary threats to the sagebrush steppe:

* Invasive weeds and loss of native grasses, forbs,
and shrubs

e Surface disturbances from vehicle use
* Fire and changes to fire behavior

¢ Invasion by conifers.

Invasive Plant Species

Although invasive species may contribute to overall
species richness in the short term, in the long run, they
often cause significant decline, or even local extinction,
of native plants through competition for nutrients, light,
and water (Dukes and Mooney 2004) (fig. 3.3.1), as
well as changes in ecosystem structure and function
that can modify habitat suitability for many organisms.

USDA Forest Service RMRS-GTR-409. 2020.

For example, when perennial pepperweed (Lepidium
latifolium) invades riparian areas, it out-competes willows
and cottonwood seedlings. Without these native trees, birds
lose nesting sites, insects lose natural predators, and many
carnivores lose a food source (Young et al. 1995).

Invasive plant species reproduce and spread rapidly.
However, it often takes a disturbance event such as fire,
extensive vehicle and foot traffic (including firefighting
equipment), flooding, or excessive use by animals
(native or wild) for invasive exotic plant species to gain
a foothold. Nevertheless, because a nonnative species
cannot expand its range unless it is already present on the
site, early detection and rapid response to movement and
introduction of seeds, rooting stems and roots pieces, or
other propagules is the most important step in reducing the
spread of noxious weeds (USDA 2013).

This chapter has a focus on “weeds,” but the definitions
for weeds used in the literature can be conflicting and
confusing, and the definitions of some terms even overlap.
To simplify the discussion, the term “invasive plant” is
used in this chapter as defined by Presidential Executive
Order 13112: “Invasive species” means an alien species
whose introduction does or is likely to cause economic or
environmental harm or harm to human health a non-native
species (before European settlement) within the ecosystem
considered and whose introduction causes or is likely to
cause economic or environmental harm (Federal Register
1999; USDA NRCS n.d.).

Numerous invasive plants, like perennial pepperweed,
cheatgrass, medusahead (Taeniatherum caput-medusae,
syn: Elymus caput-medusae), Dyer’s woad (Isatis
tinctoria), and various nonnative thistles have displaced
native plants and altered local plant communities.
Northeastern California has the highest number of
species listed by the California Department of Food

and Agriculture (CDFA) as noxious weeds in the State.
Many weeds come into California from the Great Basin,
s0 management strategies need to consider the regional
landscape. Preventing the spread of invasive species
through education and early detection are important to
maintaining healthy ecosystems. Many of the conservation
actions described below address prevention, early
detection, and rapid response to new invasive plants to
prevent them from becoming widespread. Distribution
maps and summary reports for invasive plants, as well
as regional strategic plans for prioritized invasive plant
species, can be found on the CalWeedMapper website
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Figure 3.3.1—Invasive musk thistles (Carduus nutans) are pretty but can quickly overrun native plant communities (Leslie J.
Mehrhoff, University of Connecticut, Bugwood.org and inset photo by Joseph M. DiTomaso, Bugwood.org).

(https://calweedmapper.cal-ipc.org). Some of the invasive

species affecting the province are discussed below
(California Department of Fish and Wildlife 2015).

Lassen Invasive Plants

Invasive plants such as cheatgrass and mullein (Verbascum
thapsus) are not usually tracked on the Lassen, and
inventories of species such as medusahead and yellow
starthistle (Centaurea solstitialis) are known to be
incomplete (USDA 2010a). Aside from these four plant
species, the Lassen internal invasive plant inventory, which
serves to hone in on the most troublesome invasive plants
referred to as “noxious,” comprises the best available
information on invasive plant distributions. According to
the 2010 Travel Management Plan, the inventory is updated
annually as new occurrences are found and infestations

are mapped or remapped using Global Positioning System
(GPS) technologies. Targeted invasive plant surveys are
conducted annually in conjunction with sensitive plant
surveys. They are also identified and recorded during
project work. The total area infested by invasive plants on
the Lassen was estimated at more than 7,000 acres (2,833
ha) in 2010, though the actual figure is likely considerably
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higher. The 2010 Travel Management Plan (USDA 2010a)
analysis highlighted the strong association between
invasive plant infestations and the current network of roads
and routes open to motorized vehicle travel.

Modoc Invasive Plants

Seventeen invasive species were considered in the Travel
Management Plant (USDA 2010b) analysis (table 3.3.1),
but all invasive plant species identified on the forest are
of concern with regard to their potential to spread and
threaten native ecosystems. The Modoc, however, has
prioritized invasive plant infestations for tracking based
upon the aggressiveness of the species, the degree of
regional concern, and feasibility of control. From the
Travel Management Plan:

While some species listed in statewide inventories are
not identified as a high priority for control efforts and
are not specifically addressed in this analysis (i.e.,
cheatgrass, bull thistle, Russian thistle, medusahead),
it remains a priority to prevent the further spread of
these species via management activities. However,
control of all known infestations of these lower-priority

USDA Forest Service RMRS-GTR-409. 2020.
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species is not currently feasible and they are likely

to persist throughout the life of this project. A weed

occurrence refers to a relatively discreet group of

individuals, separated from the next nearest group of

the same species by at least Y mile. Many of the weed

occurrences are immediately adjacent to existing travel

routes, due to the disturbed habitat available along the

road edges, and the vehicles acting as vectors for weed
seeds or other propagules. (USDA 2010b, p. 200)

While the Lassen and Modoc Travel Management Plans

have some overlap in the invasive species they discuss, the
Modoc plan lists eight species with a CDFA rating of “A.”

That rating means those species are of critical concern,
subject to quarantine, eradication efforts by the State of
California, and in some cases limited entry by the public

into infested areas.

Weeds of Greatest Concern

Cheatgrass is perhaps the most serious invasive plant
species in terms of habitat degradation for all of the Great
Basin bioregion. It has infested more than 100 million
acres (404,686 ha) in the Western United States (Mosley
et al. 1999). By 1936, “cheatgrass lands” had become a
genuine vegetation-type descriptor. Cheatgrass is highly
adaptable. The typical germination pattern is a flush of
seedlings in the early winter, which enables the plants

to build strong root system before going semi-dormant
(Young et al. 1969), however it will continue to germinate
throughout the spring and summer under favorable
conditions. Cheatgrass can germinate and grow under
colder temperatures (Aguirre and Johnson 1991), grow
faster (Concilio et al. 2015), and extract nutrients more
quickly from the soil compared to native Great Basin
grasses (Leffler et al. 2011; Monaco et al. 2003). At the

Table 3.3.1—Modoc National Forest noxious weed inventory. California Department of Food and Agriculture (CDFA) ratings
are based on the economic threats to crops and ecosystems. An ‘A’ rating is a serious threat requiring rapid quarantine (where
appropriate) and eradication efforts. “B” and “C” ratings are systematically less serious, but still invasive plants that are capable
of ecosystem harm. The California Invasive Plant Council (Cal-IPC) uses a similar system to evaluate nonnative invasive plants,
but places more emphasis on natural ecosystems (table 3-69 from USDA 2010a).

CDFA Cal-IPC Number of  Gross
Species Common name rating rating occurrences acres
Cardaria chalapensis Lens-podded whitetop B moderate 4 9.0
Cardaria draba Heart-podded hoarycress B moderate 1 0.4
Cardaria pubescens Hairy whitetop B limited 2 0.2
Carduus acanthoides Plumeless thistle A limited 1 0.1
Carduus nutans Musk thistle A moderate 12 6.9
Centaurea diffusa Diffuse knapweed A moderate 12 10.6
Centaurea stoebe ssp. micranthos Spotted knapweed A high 13 5.1
Centaurea solstitialis Yellow starthistle C high 10 2.3
Centaurea virgata ssp. squarrosa  Squarrose knapweed A moderate 5 0.2
Cirsium arvense Canada thistle B moderate 34 11.9
Crupina vulgaris Common crupina A limited 1 745.2
Hypericum perforatum Klamathweed C moderate 8 8.8
Isatis tinctoria Dyer’s woad B moderate 62 6,069.9
Lepidium latifolium Tall whitetop B high 1 0.1
Linaria dalmatica ssp. dalmatica Dalmatian toadflax A moderate 12 974.7
Onopordum acanthium Scotch thistle A high 333 86.5
Salvia aethiopis Mediterranean sage B limited 27 11.6
Total 539 7,941.2
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end of the life cycle, the dried foliage stays attached to the
roots, flattening to the soil surface and creating a thatch
layer that serves as both a protective mulch for the next
year’s crop and a barrier to germination of dicot seedlings
(Stewart and Hull 1949). With time, the buildup of organic
matter changes the characteristic of the soils, decreasing
the edaphic suitability for native species, while favoring
the spread of annual grasslands (Blank and Morgan 2012;
Rimer and Evans 2006).

Once established, cheatgrass reduces rangeland forage
quality for livestock (Evans and Young 1984; Hafferkamp
et al. 2001). Cheatgrass can also increase economic losses
when animals are injured by the spikey awns stuck in

ears and eyes or have their fleece contaminated (Mealor

et al. 2013) (fig. 3.3.2). The forage and habitat quality are
equally poor for wildlife (Aldridge et al. 2008; Knapp
1996; Ostoja and Schupp 2009), but until recently, little
incentive or funding was available for improving habitat
diversity absent production agriculture. Recently, however,
the relationship between cheatgrass infestations and habitat
loss for greater sage-grouse (Centrocercus urophasianus)
has increased the urgency for cheatgrass control in
ecosystems (Johnson et al. 2011). Multi-State efforts are
underway to improve habitat conditions for the greater
sage-grouse to prevent its listing under the Endangered
Species Act (USDOI 2015b; USFWS 2015; see Chapter
3.4, Dumroese, in this synthesis, Sagebrush Rangelands
and Greater Sage-grouse in Northeastern California).

Cheatgrass originates from the Mediterranean region in
Europe. Like most invasive weeds, once introduced, it
had few natural pests or pathogens. Fires only enhance
the competitive character of cheatgrass. Timed grazing
has shown promise in reducing cheatgrass (Diamond

et al. 2009). But grazing is only successful in the early
season, when the blades are palatable, and it requires
careful planning and control as overgrazing will contribute
to cheatgrass spread (Mealor et al. 2013; Tzankova

and Concilio 2015; see Chapter 3.2, Dumroese, in this
synthesis, Rangeland in Northeastern California). In
small areas, hand removal prior to seed production is
often successful in greatly reducing the population, but
the approach is not appropriate to large open wildlands
(Concilio 2013). Several herbicide treatments specific for
annual grasses and broad spectrum are available. Imazapic,
a grass-specific pre- and post-emergent herbicide most
commonly used in Idaho, Wyoming, and Nevada for
cheatgrass control is not available in California. Other
grass-specific herbicides are expensive, controversial, and
difficult to use across large landscapes (Tzankova and
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Figure 3.3.2—(A) Cheatgrass flower head (photo by Matt
Lavin, University of Montana, used with permission). (B) The
awns mature into prickly barbs that embed in fur and clothing,
increasing distribution (photo by Pamela E. Padgett, Forest
Service).

Concilio 2015). Although a broader array of herbicides
targeting broadleaf weeds that spare monocots is available,
unintended consequences of their use, particularly in
shrublands, can be dire. One study looked at the longevity
of the effects of the broadleaf herbicide picloram in an
effort to restore native grasslands. The aim was to test

the hypothesis that temporary reductions of weedy forbs
would allow native grasses to gain and foothold and out
compete subsequent infestations. The results showed that
within 4 years and certainly by 16 years, the returning
weeds were well established and the native grasses had
reduced abundance (Rinella et al. 2009).

Cheatgrass’s Achilles heel of low seed durability makes the
elimination of mature plants before they produce seeds a
potential option to greatly reduce populations. Two types of
biocides seem to hold some promise for long-term control:
a fungal pathogen, Pyrenophora semeniperda developed by
Dr. Susan Meyer (U.S. Department of Agriculture, Forest
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Service, Rocky Mountain Research Station; Meyer et al.
2007), and a bacterial pathogen Pseudomonas flourescens
isolated and developed by Dr. Ann Kennedy (Ibekwe et
al. 2010). Both inhibit seedling germination and have
been shown to be effective in greenhouse studies and field
studies. Pseudomonas flourescens is a widely dispersed
bacteria found in nearly every soil type. Pyrenophora
semeniperda is also widely dispersed, but oddly not found
in B. tectorum s native habitat.

Yellow starthistle is a CDFA C-rated pest, which means
that it is a medium to low threat to agriculture or the
ecosystems. A member of the Asteraceae family, this
winter annual establishes during fall and winter and
flowers the next year. This species reproduces primarily
by seeds, persists at high population densities, and is
associated with disturbance such as grazing, fire, and road
construction. The seeds of yellow starthistle may persist
in the soil for up to 10 years (Zouhar 2002). This species
is widespread on the western, low-elevation portions of
the Lassen. Small infestations are usually treated by hand
pulling. No economically effective chemical treatments for
larger infestations are available that do not harm desirable
plant species.

Yellow starthistle occurs throughout the arid and semiarid
regions of the West. It is highly adaptable and can rapidly
take over landscapes, particularly after disturbances,
creating dense stands and decreasing biodiversity. It is
unpalatable, even toxic, to livestock and provides very
poor habitat for wildlife. The Field Guide for Managing
Yellow Starthistle in the Southwest (USDA 2014a) has
compiled the most recent integrated pest management
approaches for controlling this weed. Early detection and
eradication of small patches is the best approach, as highly
infested areas may take 3 or more years to clear. Because
starthistle reproduces only by seeds. Control methods
should be focused on removing the plants before they set
seeds. Prescribed fire and grazing have been evaluated

as possible control mechanisms. Neither is particularly
effective alone. Often the plants do not produce enough
dry fuel to carry a fire of the intensity needed to kill

seeds in the spring and early summer, before the plants
start blooming. On one hand, grazing by horses and

cattle is not particularly effective because once the plants
start flowering, the spines on the flower heads become
unpalatable, and even dangerous; thus, grazing using
most livestock must be carefully managed. Goats, on

the other hand, have been effective if managed for short,
intensive grazing with frequent moving. Both chemical and
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biological control agents are available (refer to the most
recent California registered pesticide website: www.cdpr.
ca.gov/docs/label/labelque.htm). The biological controls

work by reducing seed production (Wilson et al. 2003).
Because starthistle can produce millions of seeds per acre,
however, the effectiveness of control can take many years
in large infestation. Herbicides are most effective when
applied at the early growth stages. The most effective
strategies combine herbicides with grazing and/or fire.

Pepperweed is a CDFA B-rated weed, which means that

it is a medium to high threat to agriculture or ecosystems,
but is fairly limited in distribution. It is a perennial forb in
the family Brassicaceae. This species is a high priority for
control on the Lassen, as it has the potential to severely
degrade riparian sites by crowding out native vegetation.
Though most of these occurrences consist of fewer than 25
stems, perennial pepperweed has been difficult to eradicate
due to this species’ ability to form new shoots from buds
on lateral, creeping roots (DiTomaso et al. 2013).

Perennial pepperweed is a forb that usually reproduces
vegetatively rather than by seeds. Among its adaptations
is “salt pumping”—the ability to absorb ions (particularly
sodium and magnesium) from deep in the soil profile

and release them at the soil surface, effectively creating a
saline soil layer on the surface, thus reducing the ability
of native plants to germinate and repopulate (Renz and
Blank 2004). Pepperweed occurs in every county in
California and every Western State, even extending into
New England. It tends to be a more serious pest in riparian
and seasonally wet areas. Individuals can grow to be 6
feet (2 meters) tall. Like all invasive plants, infestation of
pepperweed crowds out native plant species and reduces
fauna biodiversity. Several guidebooks and fact sheets for
control have been published in the last few years, including
the Forest Service Field Guide for Managing Perennial
Pepperweed in the Southwest (USDA 2014b). Most
mechanical methods, such as mowing and discing, are not
recommended because pepperweed has an extensive root
system that allows mowed plants to quickly resprout, and
root segments as small as 1 inch generated by plowing
can survive long periods of desiccation and quickly grow
into new plants when moisture becomes available. Fire is
also known to increase pepperweed infestations, although
both fire and mowing can be used to remove top growth
prior to chemical treatments. Grazing has been tested

as a control mechanism with some success, particularly
the use of sheep and goats. And in areas where chemical
control may be undesirable, such as vernal pools (Vollmar
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Consulting AECOM 2009). However, the plants become
unpalatable once flower heads are formed. Some evidence
suggests this plant is toxic to horses when consumed in
large quantities (Young et al. 1995). Interestingly, dodder
(Cuscuta subinclusa), preferentially colonizes pepperweed
and reduces seed weight and germination of pepperweed
by 27 and 42 percent, respectively (Benner and Parker
2004). Dodder itself can, however, become a serious
invasive pest.

Oxeye daisy (Leucanthemum vulgare) is not rated by
CDFA, but is inventoried on the Lassen. This species,

in the family Asteraceae, may reproduce vegetatively
from shoots that develop from buds on lateral roots in
addition to seeds. It was introduced as an ornamental

and is still sold commercially in seed packets (Cal-IPC
2018). It is well adapted to many environments from open
fields to woodland and can be a significant problem in
riparian corridors. Oxeye daisy is a prolific seeder, and
seeds remain viable for many years in the soil. Available
information indicates that priority for treatment is given to
new, small infestations that may be successfully decreased
or eradicated with repeated manual treatments.

Medusahead is a CDFA C-rated noxious grass in the
family Poaceae. This species is highly competitive and
may form monotypic stands where it occurs. This grass is
unpalatable to livestock and produces a prolific amount of
seeds annually. Successful suppression usually involves
some combination of herbicide, fire, and reseeding

with other grass species (Archer 2001). As with yellow
starthistle, inventories within this area are incomplete,
and the more than 2,000 acres (809 ha) that this species
is known to occupy within the project area is likely a
significant underestimate. When infestation cannot be
effectively treated with manual control strategies, no
economically effective chemical treatments are available
for larger infestations that do not harm desirable plant
species.

Medusahead has a similar life history to cheatgrass. It,
however, is a more recent introduction. It germinates in

the fall and winter, growing strong root systems before the
shoots expand in the spring. Like cheatgrass it is an annual;
once the seeds ripen, the shoots die, leaving a dense thatch
that can choke out germination of native plants and provide
a fuel layer for fire (fig. 3.3.3). Mowing, discing, grazing,
and prescribed fire can be effective means of control.

As with most annual invasive plants, conducting control
measures before the plants set seeds and shatter is critical
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Figure 3.3.3—Medusahead litter with emerging seedlings
(photo by Thomas Getts, University of California Agriculture
and Natural Resources, used with permission).

to successful eradication. Unlike cheatgrass, no biological
controls have been found, although efforts to find and
develop them continue.

Scotch thistle (Onopordum acanthium) is a CDFA-A-
rated weed. Originally introduced in the late 1900s as a
horticultural ornamental, it is still grown in gardens today.
Scotch thistle is typically a biannual, but individuals

can persist for several years. During the first year, plants
present as low-growing rosettes. In the second year, the
stems grow to their full height and the plants flower,
creating seeds for expansion of populations. Severe
infestations can form tall, dense, impenetrable stands,
especially in fertile soils. Like most weeds, it gets a
foothold in disturbed areas, but can rapidly spread into
natural areas, especially into particularly fertile soils.
Chemical control of this thistle is difficult because of its
ability to germinate nearly year-round, requiring multiple
herbicide applications. Herbicides are effective on first-
year seedlings, but once the stem begins to elongate,
chemical control loses its effectiveness. Research has
demonstrated certain requirements for Scotch thistle
seed germination, providing some possible management
strategies that may reduce expansion of populations. The
achene coat must be leached prior to germination due

to a water-soluble inhibitor on the seed surface. Seed
germination is much higher when seed/soil contact is
maximized, and seeds require light to germinate.

Knapweeds (Centaurea species) are CDFA-A rated.
Diffuse (C. diffusa), sparrose (C. virgata), and spotted (C.
stoebe ssp. micranthos) are the most common. Drought
and fire resistant, knapweeds produce allelopathic effects
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and are highly competitive with other plants, often
displacing desired vegetation. Knapweeds are now found
in all United States and much of Canada. Centaurea is a
large genus comprised of about 500 species, none native
to California. Most species are highly prolific in disturbed
areas and once infested, can be very difficult to eradicate.
Like nearly all invasive plants, eradication of knapweeds
requires time and a carefully planned multifaceted
management approach (DiTomaso et al. 2013). Spotted
knapweed is particularly invasive, as it reproduces not only
by seed but also vegetatively from lateral roots. New plants
can develop at about 1.25-inch (3-cm) intervals along the
lateral roots, expanding populations peripherally. Diffuse
knapweeds are often spread by a “tumbleweed strategy.”
At maturity, the stems separate from roots and the entire
plant is tumbled around by the wind, dispersing seeds over
potentially long distances. Once established, eradication
of all knapweeds is challenging. Most species have stout
taproots that readily resprout unless entirely removed.

In ecologically sensitive areas, eradication by hand
removal is possible, but may take two or three treatments
per year for multiple years. Control and management
require an integrated approach. Herbicides can reduce
seedling numbers, but knapweeds are prolific seeds,

and germination can occur throughout the year when
conditions are favorable. Grazing may be helpful in the
early season, but soil disturbance from hooves can provide
ideal seedbeds. Fire generally is not very effective unless
the fire intensity is high and heat penetrates well into the
soil profile to kill seeds and roots. Several herbicides are
effective in controlling knapweeds. Application timing

is critical to the success; most are effective during the
early stages of growth. Montana has introduced 13 insect
species for control of spotted and diffuse knapweeds with
good results (Duncan et al. 2017), and several projects are
underway in California (CDFA 2018).

Vehicles

Vehicles can be disturbance sources, damaging native
plants and allowing invasive plant populations to expand
(fig. 3.3.4). They can also be vectors for invasive plants,
serving as a transport mechanism for moving invasive
species seeds and other propagules into pristine areas,
resulting in new infestations. Vehicles are generally
interpreted as motorized personal conveyances, but
bicycles, construction equipment, and even aircraft can
unknowingly carry noxious hitchhikers into the back
country. There is, unfortunately, very little experimental
or scientific data supporting the somewhat intuitive
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Figure 3.3.4—Cheatgrass has been observed invading along
roads in arid shrubland environments. It is often the first plant
to germinate in early spring, which gives it a competitive
advantage over later-germinating native plant seedlings
(photo by Pamela E. Padgett, Forest Service).

notion that vehicles are vectors for seed dispersal.
Observations, however, frequently show that weedy
infestations are densest near trails and roads (Usher 1988).
One small study counted the number of seeds found on
visitors (mostly shoes) to a park in South Africa. The 68
participants fell into three categories: hikers, cyclists, and
dog walkers. Dog walkers (but not the dogs) were found

to carry the most nonnative seeds, followed by hikers,

the shoes of cyclists, then dogs. None of the bike tires
carried seeds (Bouchard et al. 2015). A modeling study
testing relative importance of potential seed vectors was
conducted by Brancatelli and Zalba (2018). The study used
several variables including the physical characteristics of
seeds that effect transport, potential volume of seeds any
one vector could transport, and control and impact of the
particular species. Cargo carried into a protected site was
found to have the highest potential for introduction of alien
plant species, followed by vehicles.

The Travel Management Plans completed by the Lassen
and the Modoc in 2010 did a thorough job of analyzing
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the issue of standard vehicle travel and damage to
sagebrush steppe. Once the preferred alternatives were
adopted, off-road traffic, and even use of graveled roads,
is generally prohibited by the Travel Management Plans,
although exceptions are made for ranchers and hunters
whose legislatively permitted activities require access to
remote areas. It is expected that the reduction in off-road
activity and the reduction in road access in general will
reduce physical disturbance to soil surfaces, and thus
reduce the opportunities for existing weed populations
to expand (see also Impacts of Energy Development

and Vehicles in Chapter 4.3, Dumroese, this synthesis,
Sagebrush Rangelands and Greater Sage-grouse in
Northeastern California). The next step is to ensure that
vehicles (including bicycles and aircraft) are weed-free
prior to entering the back country, as recommended by
regional guidelines. The USDA Forest Service Guide to
Noxious Weed Prevention Practices (USDA 2001) has
basic guidelines in managing equipment going in and out
of the field, and although a bit dated, should be standard
operating procedures for all staff, contractors, ranchers,
and recreationists.

Fire

Fire is a natural component of the sagebrush steppe

(fig. 3.3.5). The history and current status of fire in the
sagebrush steppe has been well described by Ellsworth
and Kauffman (2017) and Riegel et al. (2006). Empirical
data regarding fire-return intervals before settlement in
sagebrush steppe is limited, but estimates of 15 to 25
years before human activities are typical (Miller and
Rose 1995). However, natural fire-return intervals are
influenced by moisture gradient. In dryer areas, such as
south-facing slopes where evapotranspiration is high and
overall vegetation productivity is low, juniper (Juniperus)
trees older than 50 years are common. While on the more
productive adjacent slopes where evapotranspiration

is lower due to lower solar radiation, older junipers

are usually absent, but vegetation cover is denser. Fire
ecologists use this relationship between moisture,
vegetation density, and fire behavior on physically adjacent
landscapes to deduce fire-return intervals absent human
influences. The reasoning follows: because junipers are
more resistant as they age (50 years being a commonly

Figure 3.3.5—Fire is a natural component of the sagebrush ecosystem and is one of the most common tools used to restore
them. Prescribed fire is used to replace wildfires that would naturally keep sagebrush stands from becoming invaded by
conifers that reduce the perennial grass and forb components (photo by Kenneth O. Fulgham, Regents of the University of

California, used with permission).
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noted age), the absence of older trees suggest that
fire-return intervals on productive soils, pre-European
settlement, may have been 50 years or less. In contrast,
less-productive areas with lower fuels loads may not
experience crown-killing fires for 100 years or more
(Riegel et al. 2006; Rimer and Evans 2006). See Chapter
2.1 (Moser, this synthesis, Understanding and Managing
the Dry Conifer Forests of Northeastern California) for
additional discussion.

In modern times, the changes in fuel loading, particularly
invasions of weedy grasses, is arguably the most serious
problem in increased fire rates. Dried foliage is easily
ignited and often provides a continuous mat of flammable
fuel that accelerates fire spread (Stewart and Hull 1949).
After fire, native plants are slow to recruit and grow,
allowing cheatgrass, among others, to dominate the
landscape (Stewart and Hull 1949). The presence of
cheatgrass and other annual grasses has changed the fire
regimes in many areas (Brooks et al. 2004; D’ Antonio
and Vitousek 1992). Lightning strikes are frequent in the
sagebrush steppe (van Wagtendonk and Cayan 2008).
Under pristine conditions, a lightning strike may initiate
a fire, but with little understory fuel, the fire is restricted
to a small area, as is consistent with the patchy nature

of shrublands and woodlands. When grasses occupy the
understory, a lightning strike can become a conflagration
as fire spreads from shrub and tree patches on corridors
of grass tinder. Thus, cheatgrass can increase both the
frequency and extent of fire, with high associated costs for
public land managers (Borman 2000; National Interagency
Fire Center 2013).

The recovery of native shrubs following fire depends on
several variables (Ellsworth and Kauffman 2017), among
them, the general health of the individual and the age.
Antelope bitterbrush (Purshia tridentata) and curlleaf
mahogany (Cercocarpus ledifolius), important browse
for wildlife, rarely resprout when younger than 5 years or
older than 20 to 40 years (Martin and Driver 1983). Most
of the sagebrush species are highly susceptible to fires
(Hanna and Fulgham 2015). Except for silver sagebrush
(Artemisia cana), regrowth after fire is seed-dependent.
After large high-intensity fires, recolonization by
sagebrush can be slow if few seeds are left unburned and
mature plants with viable seeds are far away.

In 2015, the Secretary of the U.S. Department of the
Interior (DOI) issued Secretarial Order 3336 — The Initial
Report (USDOI 2015a) that highlighted the need to change
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the way fires were managed on rangelands, particularly
on rangelands occupied, or once occupied, by sage-grouse
(Centrocercus spp.). The order required actions by many
DOI agencies and required that DOI work cooperatively
and collaboratively with other Federal agencies, States
and tribes, and stakeholders to develop an “enhanced fire
prevention, suppression, and restoration strategy.”

Conifer Encroachment

Changes in fire regime and grazing have contributed
to extensive conifer encroachment into the sagebrush
ecosystems (fig. 3.3.6), reducing habitat for greater
sage-grouse (Centrocercus urophasianus) and grazing
opportunity for livestock (Burkhardt and Tisdale 1969;
Miller and Wigand 1994; Miller and Rose 1995).
Throughout the Great Basin, this encroachment is often a
mixture of juniper and Jeffrey and ponderosa pines (yellow
pines; Pinus jeffreyi and P. ponderosa) (see Chapter 2.1,
Moser, this synthesis, Understanding and Managing the
Dry Conifer Forests of Northeastern California, for a
robust discussion on juniper woodlands in the West, their
ecology and dynamics, and management). This chronic,
relentless encroachment, and its impacts on wildlife,
have been observed for decades. Loft (1998) writes
“Northeastern California has recently been identified as a
focus area for deer habitat management efforts on public
lands in California where the objective is to improve
habitat conditions (Loft et al. 1998). Deer populations
and deer habitat conditions have declined significantly
in recent decades. Deer populations in the area were
estimated at 160,000, 130,000, and 35,000 in 1949, 1992,
and 1996, respectively (Longhurst et al. 1952, Loft et al.
1998). Since 1957, overstory canopy of juniper and pine
has increased by over 400 percent on some key bitterbrush
ranges, thereby crowding and shading out of desirable
browse (CDFG unpubl. data 1998).”

The scale of encroachment puts pressure on limited
resources. Greater sage-grouse are particularly sensitive
to conifers. Data suggests that increases in conifer cover
as small as 4 percent eliminate breeding leks from once
active areas (Severson et al. 2017). Other than an increase
in the available literature supporting the need for conifer
removal in support of expanding greater sage-grouse
habitat, no new papers contain substantial new methods
for management of conifer woodlands. See Chapter 3.2
(Dumroese, this synthesis, Rangeland in Northeastern
California) for restoration techniques of sagebrush
rangelands, including conifer removal.
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Figure 3.3.6—Western junipers (Juniperus occidentalis) are native and an important component of the Great Basin plant
community, but they can also be invasive, replacing shrublands with woodlands. Juniper encroachment is a problem for greater

sage-grouse habitat (stock photo purchased from alamy.com).

References

Aguirre, L.; Johnson, D.A. 1991. Influence of temperature
and cheatgrass competition on seedling development of two
bunchgrasses. Journal of Range Management. 44: 347-354.

Aldridge, C.L.; Nielsen, S.E.; Beyer, H.L.; [et al.]. 2008. Range-
wide patterns of greater sage-grouse persistence. Diversity and
Distributions. 14: 983-994.

Archer, A.J. 2001. Taeniatherum caput-medusae. In: Fire Effects
Information System [Database]. Missoula, MT: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research Station,
Fire Sciences Laboratory. https://www.feis-crs.org/feis/ (11 Feb.
2020).

Benner, D.; Parker, V.T. 2004. Impact of a native parasitic plant,
Cuscuta subinclusa, on the progress of an invasive species,
Lepidium latifolium, in a wetland community. Ecological Society
of America Annual Meeting Abstracts. 89: 41.

Blank, R.S.; Morgan, T. 2012. Suppression of Bromus tectorum L. by
established perennial grasses: potential mechanisms: part I. Applied
and Environmental Soil Science. 2012: 632172. 9 p.

Borman, M.M. 2000. The Great Basin: healing the land. Boise, ID:

U.S. Department of the Interior, Bureau of Land Management. 36 p.

Bouchard, E.H.; Little, L.E.; Miller, C.M.L.; [et al.]. 2015.
Undeclared baggage: do tourists act as vectors for seed dispersal
in fynbos protected areas? Koedoe. 57: 1323. 9 p.

74

Brancatelli, G.L.E.; Zalba, S.M. 2018. Vector analysis: a tool for
preventing the introduction of invasive alien species into protected
areas. Nature Conservation. 24: 43—63.

Brooks, M.L.; D’ Antonia, C.M.; Richardson, D.M.; [et al.]. 2004.
Effects of invasive alien plants on fire regime. BioScience. 54:
677-688.

Burkhardt, J.W.; Tisdale, E. 1969. Nature and successional status
of western juniper vegetation in Idaho. Journal of Range
Management. 264-270.

California Department of Fish and Wildlife. 2015. California State
Wildlife Action Plan. https://www.wildlife.ca.gov/SWAP/Final
(14 Aug. 2018).

California Department of Food and Agriculture [CDFA]. 2018.
California Department of Agriculture Projects and Resources.

https://www.cdfa.ca.gov/plant/ipc/biocontrol/84weed proj-summ.
htm (14 Aug. 2018).

California Invasive Plant Council [Cal-IPC]. 2018. California
Invasive Plant Control. https://www.cal-ipc.org/resources/library/
publications/ipcw/report59/ (27 July 2018).

Concilio, A.L. 2013. Effectiveness and cost of downy brome
(Bromus tectorum) control at high elevation. Invasive Plant
Science and Management. 6: 502-511.

USDA Forest Service RMRS-GTR-409. 2020.


https://www.feis-crs.org/feis/
https://www.wildlife.ca.gov/SWAP/Final
https://www.cdfa.ca.gov/plant/ipc/biocontrol/84weed_proj-summ.htm
https://www.cdfa.ca.gov/plant/ipc/biocontrol/84weed_proj-summ.htm
https://www.cal-ipc.org/resources/library/publications/ipcw/report59/
https://www.cal-ipc.org/resources/library/publications/ipcw/report59/

Concilio, A.; Vargas, T.; Cheng, W. 2015. Effect of an invasive
annual grass on rhizosphere priming in invaded and uninvaded
soils. Plant and Soil 393: 245-257.

D’ Antonio, C.M.; Vitousek, P.M. 1992. Biological invasions by
exotic grasses, the grass-fire cycle, and global change. Annual
Review of Ecology and Systematics. 23: 63—87.

Diamond, J.M.; Call, C.A.; Devoe. N. 2009. Effects of targeted cattle
grazing on fire behavior of cheatgrass-dominated rangeland in
the northern Great Basin, USA. International Journal of Wildland
Fire. 18: 944-950.

DiTomaso, J.M.; Kyser, G.B. 2013, Weed control in natural areas in
the western United States. Davis, CA: University of California,
Weed Research and Information Center. 544 p.

Dukes, J.S.; Mooney, H.A. 2004. Disruption of ecosystem processes
in western North America by invasive species. Revista Chilena de
Historia Natural. 77: 411-437.

Duncan, C.; Story, J.; Sheley, R. 2017. Biology, ecology and
management of Montana knapweeds. Bozeman, MT: Montana
State University Extension. 19 p.

Ellsworth, L.M.; Kauffman, J.B. 2017. Plant community response
to prescribed fire varies by pre-fire condition and season of
burn in mountain big sagebrush ecosystems. Journal of Arid
Environments. 144: 74-80.

Evans, R.A.; Young, J.A. 1984. Microsite requirements of downy
brome (Bromus tectorum) infestation and control on sagebrush
rangelands. Weed Science. 32: 13—17.

Federal Register. 1999. Executive Order 13112 of February 3, 1999:
Invasive Species. Federal Register. 64(25): 6183-6186.

Gates, P.W. 1968. History of public land law development. Washington,
DC: United States Land Law Review Commission. 828 p.

Hafferkamp, M.R.; Heitschmidt, R.K.; Grings, E.E.; [et al.]. 2001.
Suppression of annual bromes impacts rangeland: vegetation
responses. Journal of Range Management. 54: 656—662.

Hanna, S.K.; Fulgham, K.O. 2015. Post-fire vegetation dynamics
of a sagebrush steppe community change significantly over time.
California Agriculture. 69: 36-42.

Ibekwe, A.M.; Kennedy, A.C.; Stubbs, T.L. 2010. An assessment
of environmental conditions for control of downy brome
by Pseudomonas fluorescens D7. International Journal of
Environmental Technology and Management. 12: 27-46

Johnson, D.H.; Holloran, M.J.; Connelly, J.W.; [et al.]. 2011.
Influences of environmental and anthropogenic features on greater
sage-grouse populations, 1997-2007. In: Knick, S.T.; Connelly,
J.W., eds. Greater sage-grouse: Ecology and conservation of
a landscape species and its habitats. Studies in Avian Biology
38. Berkeley, CA: University of California Press for Cooper
Ornithological Society: 407-450.

Knapp, P.A. 1996. Cheatgass (Bromus tectorum) dominance in the
Great Basin Desert: history, influences, and persistence to human
activities. Global Environmental Change. 6: 37-52.

Leffler, J.A.; Monaco, T.A.; James, J.J. 2011. Morphological and
physiological traits account for similar nitrate uptake by crested
wheatgrass and cheatgrass. Natural Resources and Environmental
Issues. 17: 10.

USDA Forest Service RMRS-GTR-409. 2020.

Loft, E.R. 1998. Economic contribution of deer, pronghorn
antelope, and sage grouse hunting to northeastern California and
implications to the overall “value” of wildlife. California Wildlife
Conservation Bulletin 11. Sacramento, CA: California Department
of Fish and Game. 42 p.

Long, J.W.; Quinn-Davidson, L.N.; Skinner, C.N. 2014. Science
synthesis to support socioecological resilience in the Sierra
Nevada and southern Cascade Range. Gen. Tech. Rep. PSW-
GTR-247. Albany, CA: U.S. Department of Agriculture, Forest
Service, Pacific Southwest Research Station. 712 p.

Martin, R.E.; Driver, C.H. 1983. Factors affecting antelope
bitterbrush reestablishment following fire. In: Tiedemann,
A.R.; Johnson, D.L., compilers. Research and management of
bitterbrush and cliffrose in western North America. Gen. Tech.
Rep. INT-152. Ogden, UT: U.S. Department of Agriculture, Forest
Service, Intermounain Research Station: 266-279.

McAdoo, J.K.; Schultz, B.W.; Swanson, S.R. 2013. Aboriginal
precedent for active management of sagebrush-perennial
grass communities in the Great Basin. Rangeland Ecological
Management. 66: 241-253.

Mealor, B.A.; Mealor, R.D.; Kelley, W.K_; [et al.]. 2013. Cheatgrass
management handbook—managing an invasive annual grass in
the Rocky Mountain region. Laramie, WY and Fort Collins, CO:
University of Wyoming and Colorado State University. 136 p.

Meyer, S.E.; Quinney, D.; Nelson, D.L.; [et al.]. 2007. Impact of
the pathogen Pyrenophora semeniperda on Bromus tectorum
seedbank dynamics in North American cold deserts. Weed
Research. 47: 54-62.

Miller, R.F.; Rose, J.A, 1995. Historic expansion of Juniperus
occidentalis (western juniper) in southeastern Oregon. The Great
Basin Naturalist. 55(1): 37-45.

Miller, R.F.; Wigand, P.E., 1994. Holocene changes in semiarid
pinyon-juniper woodlands. BioScience. 44: 465-474.

Monaco, T.A.; Johnson, D.A.; Norton, J.M.; [et al.]. 2003.
Contrasting responses of intermontain west grasses to soil
nitrogen. Journal of Range Management. 56: 282-290.

Morris, L.R.; Rowe, R.J. 2014. Historical land use and altered
habitats in the Great Basin. Journal of Mammology. 95: 1144~
1156.

Mosley, J.C.; Bunting, S.C.; Manoukian, M.E. 1999. Cheatgrass.
In: Sheley R.L.; Petroft, J.K., eds. Biology and management of
noxious rangeland weeds. Corvallis, OR: Oregon State University
Press: 175-188.

National Interagency Fire Center. 2013. 2013 National report on
state and agency fires and acres burned. https://www.nifc.gov/
fireInfo/firelnfo_stats YTD2013.html (26 Jan. 2018).

Ostoja, S.M.; Schupp, E.W. 2009. Conversion of sagebrush
shrublands to exotic annual grasslands negatively impacts small
mammal communities. Diversity and Distributions. 15: 863-870.

Renz, M.J.; Blank, R.R. 2004. Influence of perennial pepperweed
(Lepidium latifolium) biology and plant/soil relationships on
management and restoration. Weed Technology. 18: 1359-1363.

75


https://www.nifc.gov/fireInfo/fireInfo_stats_YTD2013.html
https://www.nifc.gov/fireInfo/fireInfo_stats_YTD2013.html

Riegel, G.M.; Miller, R.F.; Skinner, C.N.; [et al.]. 2006. Northeastern
plateaus bioregion. In: Sugihara, N.G.; van Wagtendonk, J.W.;
Fites-Kaufman, J.; Shaffer, K.E.; Thode, A.E., eds. Fire in
California’s ecosystems. Berkeley, CA: University of California
Press: 225-263.

Rimer R.L.; Evans, R.D. 2006. Invasion of downy brome (Bromus
tectorum L.) causes rapid changes in the nitrogen cycle. American
Midlands Naturalist. 6: 252-258.

Rinella, M.J.; Maxwell, B.E.; Fay, P.K.; [et al.]. 2009. Control effort
exacerbates invasive-species problem. Ecological Applications.
19: 155-162.

Severson, J.P.; Hagen, C.A.; Tack, J.D.; [et al.]. 2017. Better living
through conifer removal: a demographic analysis of sage-grouse
vital rates. PLoS ONE. 12: e0174347.

Spies, T.A.; Stine, P.A.; Gravenmier, R.; [et al.], tech. coords. 2018.
Synthesis of science to inform land management within the
Northwest Forest Plan Area. Gen. Tech. Rep. PNW-GTR-966.
Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station. 1020 p. 3 vol.

Stewart, G.; Hull, A.C. 1949. Cheatgrass (Bromus tectorus L.)—an
ecological intruder in southern Idaho. Ecology. 30: 58-74.

Svejcar, L.N.; Kildisheva, O.A. 2017. The age of restoration:
challenges presented by dryland systems. Plant Ecology. 218: 1-6.

Svejcar, T. 2015. The northern Great Basin: A region of continual
change. Rangelands. 37: 114-118.

Svejcar, T.; Boyd, C.; Davies, K.; [et al.]. 2017. Challenges and
limitations to native species restoration in the Great Basin, USA.
Plant Ecology. 218: 81-94.

Tzankova, Z.; Concilio, A. 2015. Controlling an invasive plant at the
edge of its range: towards a broader understanding of management
feasibility. Biological Invasions. 17: 507-527.

U.S. Department of Agriculture, Forest Service [USDA]. 2001.
USDA Forest Service guide to noxious weed prevention
practices. Version 1.0, 5 Jul 2001. 25 p. https://www.fs.fed.us/
invasivespecies/documents/FS WeedBMP_2001.pdf (17 April
2020).

U.S. Department of Agriculture, Forest Service; U.S. Department
of the Interior, Bureau of Land Management; Modoc County, CA
[USDA et al]. 2008. Sage steppe ecosystem restoration strategy:
Final environmental impact statement. R5-MB-161. Alturas,

CA: Modoc National Forest, Bureau of Land Management
Alturas Field Office, and Modoc County. https://www.fs.usda.
gov/Internet/FSE_ DOCUMENTS/stelprdb5315306.pdf (18 April
2020).

U.S. Department of Agriculture, Forest Service [USDA]. 2010a.
Motorized travel management—Final environmental impact
statement—Lassen National Forest. R5-MB-207. Susanville, CA:
Lassen National Forest. 636 p.

U.S. Department of Agriculture, Forest Service [USDA]. 2010b.
Motorized travel management—Final environmental impact
statement—Modoc National Forest. R5-MB-202. Alturas, CA:
Modoc National Forest. 639 p.

76

U.S. Department of Agriculture, Forest Service [USDA]. 2013.
Forest Service national strategic framework for invasive species
management. FS-1017. Washington, DC: USDA Forest Service.
35p.

U.S. Department of Agriculture, Forest Service [USDA]. 2014a.
Field guide for managing yellow starthistle in the Southwest. TP-
R3-16-07. Albuquerque, NM: Southwestern Region. 8 p.

U.S. Department of Agriculture, Forest Service [USDA]. 2014b.
Field guide for managing perennial pepperweed in the Southwest.
TP-R3-16-23. Albuquerque, NM: Southwestern Region. 7 p.

U.S. Department of Agriculture; Natural Resources Conservation
Service [USDA NRCS]. n.d. Native, invasive, and other plant-
related definitions. https://www.nrcs.usda.gov/wps/portal/nrcs/
detail/ct/technical/ecoscience/invasive/?cid=nrcs142p2 011124
(24 Jan. 2018).

U.S. Department of the Interior [USDOI]. 2015a. SO 3336—
The initial report. A strategic plan for addressing rangeland
fire prevention, management, and restoration in 2015. https://

www.forestsandrangelands.gov/rangeland/documents/SO3336-
Thelnitial%20Report 20150310.pdf (26 Jan. 2018).

U.S. Department of the Interior [USDOI]. 2015b. Historic
conservation campaign protects greater sage-grouse. https:/ www.
doi.gov/pressreleases/historic-conservation-campaign-protects-

greater-sage-grouse (29 Sep. 2017).
U.S. Department of the Interior, U.S. Geological Survey [USGS].

2016. The Great Basin and Columbia Plateau. https://greatbasin.
wr.usgs.gov/ (24 Jan. 2018).

U.S. Fish and Wildlife Service [USFWS]. 2015. Greater sage-grouse
(Centrocercus urophasianus). https://ecos.fws.gov/speciesProfile/
profile/speciesProfile.action?spcode=B06W (9 Sep. 2015).

Usher, M.B. 1988. Biological invasions of nature reserves: A search
for generalisations. Biological Conservation. 44: 119-135.

van Wagtendonk, J.W.; Cayan, D. 2008. Spatial patterns of lightning
strikes and fires in California. Fire Ecology. 4(1): 34-56.

Vollmar Consulting AECOM. 2009. Effectiveness of small vernal
pool preserves. Prepared for the Placer Land Trust. Berkeley, CA:
Vollmar Consulting. 87 p.

Wilson, L.M.; Jette, C.; Connett, J.; [et al.]. 2003. Biology and
biological control of yellow starthistle, 2nd ed. FHTET-1998-17.
Morgantown, WV: Forest Health Technology Enterprise Team:
11-47.

Young, J.A.; Evans, R.A.; Eckert, R.E., Jr. 1969. Population
dynamics of downy brome. Weed Science. 17: 20-26.

Young, J.A.; Turner, C.E.; James, L.F. 1995. Perennial pepperweed.
Rangelands. 17: 121-123.

Zouhar, K. 2002. Centaurea solstitialis. In: Fire Effects Information
System. U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station, Fire Sciences Laboratory. https://
www.fs.fed.us/database/feis/plants/forb/censol/all.html (20 April
2020).

USDA Forest Service RMRS-GTR-409. 2020.


https://www.fs.fed.us/invasivespecies/documents/FS_WeedBMP_2001.pdf
https://www.fs.fed.us/invasivespecies/documents/FS_WeedBMP_2001.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5315306.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5315306.pdf
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/ct/technical/ecoscience/invasive/?cid=nrcs142p2_011
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/ct/technical/ecoscience/invasive/?cid=nrcs142p2_011
https://www.forestsandrangelands.gov/rangeland/documents/SO3336-TheInitial%20Report_20150310.pdf
https://www.forestsandrangelands.gov/rangeland/documents/SO3336-TheInitial%20Report_20150310.pdf
https://www.forestsandrangelands.gov/rangeland/documents/SO3336-TheInitial%20Report_20150310.pdf
https://www.doi.gov/pressreleases/historic-conservation-campaign-protects-greater-sage-grouse
https://www.doi.gov/pressreleases/historic-conservation-campaign-protects-greater-sage-grouse
https://www.doi.gov/pressreleases/historic-conservation-campaign-protects-greater-sage-grouse
https://greatbasin.wr.usgs.gov/
https://greatbasin.wr.usgs.gov/
https://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=B06W
https://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=B06W
https://www.fs.fed.us/database/feis/plants/forb/censol/all.html
https://www.fs.fed.us/database/feis/plants/forb/censol/all.html

Chapter 3.4. Biological Soil Crusts

Steven D. Warren’

Introduction

Biological soil crusts (BSCs) develop when various
combinations of a vast array of bacteria, cyanobacteria,
fungi, lichens, terrestrial algae, and mosses occupy the
surface and upper few millimeters of the soil (Warren

et al. 2019b). Historically, BSCs have been referred to

as cryptobiotic, cryptogamic, microbiotic, microfloral,
microphytic, and organogenic crusts. They can be

present in a wide range of ecological, successional, and
climatic conditions when and where disturbance and/

or aridity have resulted in opportunities for colonization
of exposed bare soil surfaces. BSCs are most prevalent,
however, in arid and semiarid ecosystems, such as those
of Northeastern California, where vascular plant cover and
diversity are perennially low, leaving large areas available
for colonization by some combination of the organismal
groups mentioned above.

Ecological Roles of, and Threats to, BSCs

The ecological roles of BSCs are many and varied and
include: (1) the redistribution of precipitated rainwater;

(2) the capture, collection, and use of airborne and soil
nutrients; (3) interaction with vascular plants; and (4) soil
stabilization (Belnap and Lange 2001; Warren 1995; Weber
et al. 2016).

Hydrology

The scientific literature is replete with apparent
contradictions regarding role of BSCs relative to their
effects on soil hydrology. Many authors have concluded
that BSCs enhance infiltration, while others have
concluded that the presence of a crust diminishes it. An
extensive review by Warren (2001) revealed that much
of the variation can be attributed to soil texture. Where
the sand content of the soil exceeds about 80 percent, and
the soil is not frost-heaved, BSCs generally reduce water
infiltration compared to soil without crust. This seems
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to be attributable to soil porosity. Porosity of sandy soil
may be reduced as BSCs accumulate finer soil particles

or when polysaccharide exudates, rooting structures, or
cyanobacterial filaments clog the soil pores, thus impeding
the free passage of water. Where sand content is less

than about 80 percent, BSC organisms contribute to soil
aggregation, and, thus, higher effective porosity and higher
rates of infiltration than in similar soil without biological
crusts.

Research has shown BSCs impede evaporation and help
retain moisture in the soil (Booth 1941). This may be
accomplished as the BSCs create a surface seal or mulch
layer (Booth 1941; Fritsch 1922), increase organic matter
content of the soil (Metting 1981), or the polysaccharide
exudates of cyanobacteria absorb moisture (Belnap and
Gardner 1993).

Despite the overall importance of BSCs, and the well-
documented effects of disturbance on these communities,
restoring degraded habitats has received proportionately
little attention (Bowker 2007). Reflection on the broader
scope of BSC restoration can improve our perspective of
how to effectively manage important dryland regions, in
addition to directing future research.

Nutrient Cycling

The presence of BSCs is positively correlated to the
presence and abundance of many micro- and macro-
nutrients in the soil. Numerous studies documented the
fixation of atmospheric nitrogen by BSCs dominated

by cyanobacteria or lichens possessing cyanobacterial
symbionts. Vascular plants in the Great Basin take up

9 to 11 pounds of nitrogen per ac (10 to 12 kg per ha)
(West and Skujins 1977). Of this nitrogen requirement,
precipitation provides 0.9 to 5.4 pounds per ac (1 to

6 kg per ha) per year (Schlesinger 1991; West 1978).
Heterogeneous nitrogen fixers contribute a fraction of that
need (Reichert et al. 1978; Steyn and Delwiche 1970). The
balance is attributable to BSCs.

Much of the nitrogen fixed by BSCs is retained in the
surface few centimeters of the soil (Fletcher and Martin
1948) where it is available to vascular plants. The
nitrogen content of soils with BSCs may be up to 7 times
higher than in similar soils without BSCs (Shields 1957).
Other essential elements are also accumulated in surface
soils with BSCs (Harper and Pendleton 1993; Loope

and Gifford 1972; Kleiner and Harper 1972). While this
can be attributed, in part, to the accumulation of fine soil
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particles by the rough surface of crusted soil (Kleiner
and Harper 1972), other factors also play a role. BSC
organisms accelerate weathering of rocks, thus speeding
the genesis of soil and adding important minerals (Metting
1991). It has also been demonstrated that cyanobacteria
exude polysaccharides that contain chelating agents that
concentrate essential nutrients (Lange 1974, 1976). In
addition, negatively charged clay particles may be bound
to, or incorporated into, the polysaccharide exudates

of some cyanobacteria, thus attracting and binding

with positively charged essential elements (Belnap and
Gardner 1993).

On sites in Colorado and Utah, BSCs were found to
increase plant uptake of many nutrients, especially for
herbaceous plants, results similar to other field and
greenhouse studies under a variety of different soil
conditions (Harper and Belnap 2001). This improved
nutrient availability may occur because BSCs typically
accumulate finer soil particles important for holding and
exchanging nutrients, many accumulate or fix nitrogen
from the atmosphere, and release it to the soil environment
for use by vascular plants and other organisms, and

BSCs might modify the soil carbon-to-nitrogen ratio that
promotes decomposition and release of nutrients. Research
also indicates that later-successional BSCs have rates of
photosynthesis 3 to 4 times higher than early-successional
BSCs (Grote et al. 2010); this carbon accumulation may
have implications on polymer secretion.

Enhancement of Vascular Plant Germination and
Survival

BSCs frequently improve infiltration of rainwater into

the soil. Dark-colored BSCs absorb more solar radiation
than soil without a crust, raising the temperature near the
surface by as much as 9 °F (5 °C) (Harper and Marble
1988). Elevated soil temperatures, when coupled with
adequate soil moisture, may accelerate the germination
and initial growth of vascular plants (Harper and Pendleton
1993). The effects of BSCs on seed germination are
mixed. Greenhouse studies either show no difference in
germination (Godinez-Alvarez et al. 2012; Pando-Moreno
et al. 2014; Serpe et al. 2006) or reduced germination
(Song et al. 2017) on BSC-covered soil. Mendoza-Aguilar
et al. (2014) found no germination effect on field sites.
Some of these effects may be attributable to the type of
crust tested; Serpe et al. (2006) in a laboratory setting,
found that germination of native Western United States
grasses, as well as cheatgrass (Bromus tectorum), was
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about the same on bare soil or one with a tall-moss crust,
but significantly reduced when the BSC was dominated by
short mosses.

Soil Stabilization

BSCs contribute to soil stability in at least three ways.
First, the presence of vegetative structures such as

larger lichens and mosses tends to dissipate the kinetic
energy of wind, raindrops, and overland flow of water,

thus reducing the susceptibility of soil erosion. Second,
even where larger structures are absent, many BSCs

are characterized by an uneven micro-topography that
decreases the velocity of both wind and water. Third, BSCs
contribute to mechanical and chemical aggregation of soil
particles. Moss rhizoids, fungal hyphae, and filamentous
cyanobacteria and algae often form a dense fibrous mesh
that holds soil particles in place (Belnap and Gardner 1993;
Fletcher and Martin 1948; Schulten 1985; Tisdall and
Oades 1982). The extracellular polysaccharide exudates

of some BSC organisms, particularly cyanobacteria, form
glue-like bonds that prevent detachment.

MccCalla (1946) first showed that soil aggregates formed
by association with mosses, algae, and fungi were more
resistant to disintegration by falling raindrops than
aggregates formed without the benefit of BSC organisms.
Osborn (1952) subsequently determined that the presence
of a cyanobacteria-dominated crust on a deteriorated
rangeland significantly reduced detachment and splash
erosion by raindrops. Greater rainfall intensity was
required to initiate splash erosion on moss- and lichen-
dominated crusts than cyanobacterial crusts or bare
ground.

Effects of Disturbance

BSCs can be disturbed and often killed by a variety of
disturbances. These may include livestock trampling
(Warren and Eldridge 2001), human trampling (Cole
1990), off-road vehicular traffic (Webb et al. 1988;
Wilshire 1983), fire (Johansen 2001), military training
(Warren 2014), competition for resources from invasive
species (Dettweiler-Robinson et al. 2013), and several
other disturbance vectors.

Most physical disturbance leads to increased soil erosion
(Booth 1941; Brotherson and Rushforth 1983; Loope
and Gifford 1972), and loss of ecological function when
compared to intact crusts. Belnap (2002) found that

four passes of a vehicle reduced the ability of BSCs to
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fix nitrogen from the atmosphere, especially on coarse-
textured soils. This reduction affects other organisms, too,
because BSC-fixed nitrogen is readily used by other plants
and microorganisms (Belnap 2002). Grazing can reduce
soil nitrogen levels by up to 50 percent (Jeffries 1989)

and plants growing on grazed land have lower nitrogen
concentrations (Evans and Belnap 1999), reflecting

the reduced nitrogen fixation and sharing by the BSC.

Fire can also degrade or destroy BSCs, thus having an
immediate effect on nitrogen fixation (Johansen 2001); fire
disturbance is greater under burned woody plants and less
so under herbaceous material, a reflection of differing fire
intensities. Manipulating fire intensity through prescribed
burning can reduce impacts to BSCs (Warren et al.

2015). Johansen (2001) noted, however, that if a BSC is
damaged and cheatgrass invades, BSCs may never regain
their pre-disturbance levels. Recent work by Dettweiler-
Robinson et al. (2013) reveals that lichen cover, in both
early and late-successional stages, is negatively affected
by cheatgrass. Rosentreter et al. (2001) discuss monitoring
and management of BSCs to reduce degradation.

Artificial Restoration of BSCs

It may seem intuitive to attempt to restore BSCs by
inoculating disturbed sites with crust organisms, but such
applications have been relatively rare. Several researchers
have harvested BSCs from the field in an attempt to use
them as inocula for restoration sites (Belnap 1993; Bu et
al. 2014; Maestre et al. 2006). This work was generally
done under controlled conditions and yielded limited
success. In general, the best results, which provided a
modicum of success, required very moist substrates.
Salvaging BSC from construction sites has also been
examined (Chiquoine et al. 2016), as has transplanting
soil cores with intact BSCs (Cole et al. 2010). In most of
the aforementioned cases, inoculation hastened recovery
of BSC organisms, particularly in controlled laboratory
settings, with some recovery also in field studies. While
the results were promising, the destruction of BSCs

in one area to provide inoculants for another area is
counterproductive in the context of large-scale arid land
reclamation. Use of salvaged crusts from construction
sites is promising for limited areas (Chiquoine et al.
2016). It is unlikely that providing sufficient supplemental
water for successful large-scale reclamation in arid
environments will be feasible.

To avoid destroying BSCs for use as inocula, some
research has investigated the potential for laboratory-
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grown BSC amendments for use in inoculating disturbed
areas (Zhao et al. 2016). For example, Buttars et al. (1998)
incorporated laboratory-grown cyanobacteria into alginate
pellets. These pellets, once crushed to allow release of the
organisms and applied to moistened soil in the laboratory,
resulted in significant increases in cyanobacterial biomass
and frequency and nitrogen fixation. Incorporation of
cyanobacteria into starch pellets was not successful due to
poor survival during the pelletization process (Howard and
Warren 1998). Kubekova et al. (2003) grew cyanobacteria
and immobilized it on hemp cloth. Laboratory trials
indicated improved growth compared to alginate pellets,
but in four of five field trials, no significant crust recovery
occurred. When cyanobacterial inoculants have been
applied to the soil surface, rather than incorporated into
the surface layer of the soil, mortality has been high.
Laboratory-grown moss protonema, the earliest stage of
growth, transplanted into the sands of the Gurbantunggut
Desert of China has seen some success when supplemented
with liquid growth media (Xu et al. 2008). The addition of
laboratory-grown cyanobacteria to polyvinyl alcohol and a
liquid soil tackifier appeared to accelerate the formation of
a biocrust in a laboratory setting (Park et al. 2017).

Although some degree of success has been noted, large-
scale field trials have yet to be attempted, and successful
laboratory production and growth across BSC components
is not universal. Given the general lack of success of
artificial techniques to restore the BSC component, the
levels of water required, and the per-acre costs, it is
reasonable to question whether these approaches merit
further consideration in arid areas except in critical
situations where cost is not a constraint.

Aerobiology and Natural Recovery of BSCs

BSCs are found in almost all environments, justifying the
question as to how crust organisms became so spatially
and climatically dispersed in the first place and if that
same process is still operating. In general, as post-
disturbance succession takes place, the initial colonizers
that stabilize the surface tend to be large filamentous
cyanobacteria (Belnap and Eldridge 2001). They are
followed by smaller cyanobacteria and green algae, which
are followed, in turn, by small lichens. Where climatic
conditions permit, larger lichens and mosses appear in
later-successional communities. The distribution and
successful establishment of these organisms is governed
both by historical and contemporary factors (Leavitt and
Lumbsch 2016).
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BSCs are naturally dispersed by wind (Warren et al.
2019a, b). Aerially dispersed microorganisms were first
observed by Darwin (1846). Meier and Lindbergh (1935)
collected airborne organisms during a flight over the
Arctic. Shortly thereafter, the field of aecrobiology was
established (Benninghoff 1991) and large numbers of
microorganisms, including bacteria, fungi, terrestrial
algae, and bryophytes, have been documented throughout
the Earth’s atmosphere (Després et al. 2012; Genitsaris
et al. 2011; Schlichting 1969; Sharma et al. 2007; Tesson
et al. 2016). Some of these organisms may have multiple
generations while in the atmosphere, such that the
atmosphere becomes a truly aerial habitat (Womack et al.
2010). Not surprisingly many of the species documented
in the atmosphere are also common in BSC communities
and may be deposited almost anywhere, including bare
soil (Harding et al. 2011; Kviderova 2012; Marshall and
Chalmers 1997; Takeuchi 2013; Vonnahme et al. 2016),
buildings (Samad and Adhikary 2008; Sethi et al. 2012),
stone monuments (Macedo et al. 2009; Tomaselli et al.
2000), and plant surfaces (McGorum et al. 2015; Sethi et
al. 2012). In addition to algae and cyanobacteria, other
BSC components, including asexual reproductive lichen
fragments, soredia, and/or lichen-forming fungal spores
(Heinken 1999; Leavitt and Lumbsch 2016; Tormo et

al. 2001), as well as spores, gametophyte fragments,

and specialized asexual diaspores of bryophytes (Laaka-
Lindberg et al. 2003; Stark 2003) can also be dispersed
by wind.

BSC organisms can achieve airborne status when

strong non-convective horizontal winds blowing over
unconsolidated soil surfaces pick up large quantities of soil
and the associated organisms. Strong dust storms occur in
North America (McLeman et al. 2014), Alaska (Nickling
1978), China (Wang et al. 2004), Australia (Ekstrom et al.
2004), Africa (Prospero and Mayor-Bacero 2013), and the
Middle East (Almuhanna 2015). On a smaller, but more
common scale, dust may be lifted into the atmosphere

by strong vertical vortices or “dust devils” (Horton et al.
2016; Metzger et al. 2011). Once airborne, dust particles
and the BSC organisms that often accompany them, are
subject to a variety of forces, including trade winds and
the jet stream, that carry them, often rapidly, between
hemispheres, continents, and climatic zones (Doherty et al.
2008; Griffin et al. 2002; Kellogg and Griffin 2006; Lee et
al. 2006; Prospero 1999; Prospero and Lamb 2003; Uno et
al. 2009). Many of these windborne BSC propagules can
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survive long periods of desiccation (Holzinger and Karsten
2013; Rajeev et al. 2013). Thus, given the forces mixing
the atmosphere, the likelihood for BSC propagules to be
present in it, and BSC resistance to desiccation, little doubt
exists that organisms originating from almost any given
location have the potential to be deposited anywhere on
Earth (Barberan et al. 2014; Herbold et al. 2014; Jungblut
et al. 2010), as evidenced by similarity of BSC species

in the northern and southern polar regions, Iceland, and
extreme southern Chile (Galloway and Aptroot 1995;
Jungblut et al. 2012; Pifieiro et al. 2012).

Thus, natural recovery of BSC is expected due to
windborne deposition. Time estimates for natural recovery
of BSCs following disturbance have varied widely
depending on the nature, periodicity, extent, and spatial
and temporal distribution of the disturbance, and soil

and climatic conditions. Five years following one-time
human trampling, Cole (1990) noted a nearly complete
recovery of visible BSC cover, although the complex
pinnacled surface micro-topography attributable to

many crusts had not recovered to pre-disturbance levels.
Anderson et al. (1982) estimated that 14 to 18 years were
adequate for recovery of a BSC following exclusion of
livestock grazing in the cool Great Basin. In contrast,
little evidence of recovery was observed during the first
10 years following cessation of grazing at another Great
Basin location (Jeffries and Klopatek 1987). Recovery
lagged 20 years following burning of a shrub community
in the transition zone between the Great Basin and Mojave
Deserts in Southwestern Utah (Callison et al. 1985).
Belnap (1993) estimated that full recovery of BSCs in

the Great Basin, including visual as well as functional
characteristics, could require as many as 30 to 40 years
for the cyanobacterial component, 45 to 85 years for
lichens, and 250 years for mosses. In the Sonoran Desert,
after 56 years, a cyanobacterial crust degraded by military
exercises had not recovered to levels typical of adjacent
undisturbed areas (Kade and Warren 2002). And, in

the Mojave Desert full recovery of the cyanobacterial
component of the BSC from disturbance caused by
military vehicles was estimated to require up to 85 to 120
years (Belnap and Warren 2002). Hilty et al. (2004) found
that active restoration of burned sagebrush steppe through
direct seeding increased natural recruitment of BSC
compared to passive restoration, especially when grazing
was temporarily suspended.
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Section 4. Wildlife and Habitat

Chapter 4.1. Biodiversity and
Representative Species in Dry Pine
Forests

Brice B. Hanberry and R. Kasten Dumroese!

Introduction

As described in Chapter 1.1 (Dumroese, this synthesis,
The Northeastern California Plateaus Bioregion Science
Synthesis: Background, Rationale, and Scope), the Lassen
and Modoc National Forests (hereafter the Lassen and the
Modoc) share dry pine forestland that was not addressed
by two prior science syntheses: Science Synthesis to
Support Socioecological Resilience in the Sierra Nevada
and Southern Cascade Range (hereafter, Sierra Nevada
Science Synthesis; Long and others 2014) and Synthesis of
Science to Inform Land Management within the Northwest
Forest Plan Area (hereafter Northwest Forest Plan Science
Synthesis; Spies et al. 2018). These previous syntheses
concentrated on biodiversity and species, such as fisher
(Martes pennanti), Pacific marten (Martes caurina), and
spotted owl (Strix occidentalis), associated with dense,
closed-canopy forests, for example, late-successional

and old-growth Douglas-fir (Pseudotsuga menziesii) and
western hemlock (Zsuga heterophylla) forests.

In contrast to closed-canopy forests, dry pine forests
provide a range of open conditions with greater exposure
to light and wind, along with a unique fire ecology that
historically consisted of frequent low-severity fires.
However, similar to closed-canopy forests, dry pine

forests have the potential to become old forests because
ponderosa pine (Pinus ponderosa), the predominant
species, can live up to 600 years. In this chapter, we
combined an overview of biodiversity with a more detailed
examination of representative species of dry ponderosa

'Brice B. Hanberry is a research ecologist, U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station, 8221 South Highway 16,
Rapid City, SD 57702; R. Kasten Dumroese is a research plant physiologist,
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pine forests in the Southern Cascade Mountains and
Modoc Plateau of the Lassen and Modoc. We focused

on black-backed woodpecker (Picoides arcticus) and
flammulated owl (Psiloscops flammeolus), which represent
examples of Sierra Nevada species of local interest for
forest planning. We also included