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Foreword

Management and conservation are inclusive terms used to convey management,
conservation, and ecological understanding of natural resources. Without active
management, many of the resources we hold dear, would cease to exist or decline
sharply. Effective management enhances conservation and the reestablishment of
dwindling populations. Both management and conservation require an understanding
of ecology (i.e., the study of interactions between organisms and their environment).
Some prefer to discuss management, others conservation, as the primary mecha-
nisms to achieve objectives in the natural world. It really does not matter what
human activity is called as long as it does not compromise the ability for humans
to live with, maintain, and enhance our natural environment including fish, wildlife,
grasslands, shrublands, deserts, and other rangeland resources. That ability rests with
an understanding of science.

One of the most contemporary issues in ecology relates to habitat alteration and
destruction from anthropogenic factors including climate change. Society is fortunate
to have, in most of the West and parts of the eastern United States, rangelands that
provide habitat for wildlife, the production of livestock, and management and conser-
vation of other natural resources, biotic and abiotic. Without rangelands, important
habitat for numerous flora and fauna would decline and without habitat, biodiver-
sity would certainly decline. Thus it is important to keep abreast of the ecology,
use, misuse, and status of rangelands that we are fortunate enough to manage and
administer.

The fields of rangeland and wildlife management are brothers in the same fight
for the conservation, protection, and management of wildlife and one cannot be
completely understood without knowledge of the other and that presents challenges
that are often played out within society—the society that dictates what we do with
our resources. In the USA, natural resources are governed by society via numerous
state and federal laws designed to protect wildlife and the habitats they use. Love
of nature is in the bones of North Americans, and few other places occur where
wildlife, its habitats, and other natural resources are an essential part of its identity.
This identity can be traced back to at least 1842 in the USA when a judge cited the
1215 English Magna Carta to codify that wildlife and fish belong to all the citizens
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of the USA and that their stewardship was entrusted to the states, thus began a series
of decisions that led to the public trust doctrine, which was rooted in Roman law,
and the North American Model of Wildlife Conservation, which is based on science.

In 1996, the Society for Range Management published Rangeland Wildlife, which
provided information about major vertebrates on rangelands in the western USA and
provided some insights into their interactions with the millions of head of livestock
that share rangeland landscapes. Nearly 30 years have passed since the publica-
tion of that work and science has advanced and evolved. In the early years of the
wildlife and rangeland professions, there was not as much (or any) emphasis on
holistic management and much of the research was related to single species. We are
finally in an era of transdisciplinary research that builds on the strengths of other
disciplines to gain a better understanding of ecology for enhanced understanding
and management—something that Leopold endorsed in the 1930s. Numerous disci-
plines including administration, agriculture, botany, economics, genetics, human
dimensions, policy, population ecology, sociology, and social science all laced with
a backdrop of ecology and science are necessary for effective management and
conservation. Rangeland Wildlife Ecology and Conservation updates the research in
the arena over the past 2—3 decades that continues to develop a holistic approach to
conservation and management of our rangelands and the biota it supports. Because of
the dominant presence of rangelands in the country, and the role of rangelands in the
lives of humans and wildlife, this work presents optimism that wildlife and rangeland
scientists, managers, and conservationists are advancing the cause our country has
been built on and can work together for the benefit of wildlife and society.

Paul R. Krausman
Professor Emeritus
University of Arizona
Tucson, AZ, USA
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Chapter 1 ®
Introduction to Rangeland Wildlife oo
Ecology and Conservation

Lance B. McNew, David K. Dahlgren, and Jeffrey L. Beck

Abstract Rangelands are vast, dynamic, and integral to providing habitat for thou-
sands of vertebrate and invertebrate species, while concurrently serving as the foun-
dation of human food and fiber production in western North America. Recipro-
cally, wildlife species provide critical services that maintain functional rangeland
ecosystems. Therefore, human management of rangelands via fire, grazing, agricul-
tural programs, and policy can enhance, disturb, or inhibit the necessary interactions
among natural processes of plants and animals that maintain rangeland ecosystems.
As conservation issues involving rangelands have grown in societal awareness and
complexity, rangeland managers, wildlife biologists, and others have discovered the
need to work more closely together with an increasingly holistic approach, spurring a
rapid accumulation of rangeland wildlife information in the early twenty-first century.
This book represents a synthesis of contemporary knowledge on rangeland wildlife
conservation and ecology. Accordingly, we provide areview of the state of science for
new, as well as seasoned, wildlife and rangeland professionals who have stewardship
of North America’s most undervalued ecosystem.

Keywords Agroecosystems + Ecosystem services * Grasslands + Shrublands -
Wildlife

L. B. McNew ()
Department of Animal and Range Sciences, Montana State University, Bozeman, MT 59717, USA
e-mail: lance.mcnew @montana.edu

D. K. Dahlgren
Department of Wildland Resources, Utah State University, Logan, UT 84322, USA

J. L. Beck
Department of Ecosystem Science and Management, University of Wyoming, Laramie,
WY 82071, USA
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1.1 Introduction

More than half of all lands worldwide, and the majority of lands in the western U.S.,
are classified as rangelands (Table 1.1). The exact extent of rangelands is difficult
to delineate due to variability in the definition of rangelands (Briske 2017), but by
any definition rangelands represent collectively the most widespread ecosystem in
the western U.S. (Chap. 2). Many picture grasslands when envisioning rangelands.
Some classify rangelands as any non-cultivated land grazed by livestock (Menke
and Bradford 1992). Others have defined rangelands as ‘non-forested lands of low
economic activity’ (sensu Sayre 2017). In most cases, rangelands in North America
represent what was ‘left over’ after Euro-American settlement and conversion of
arable lands in the West during the nineteenth century (Table 1.1). Therefore, range-
lands include desert, grassland, and shrubland ecosystems that were unsuitable for
cultivation, though they retain economic and social value. Rangelands are held in
public or private ownership and provide innumerable goods and services, including
significant economic benefit to local communities. For example, nearly 100 million
head of cattle spend at least part of their life each year on U.S. rangelands alone.
Rangelands also provide habitat for hundreds of vertebrate species and innumerable
invertebrates. Thus, rangelands and their management have significant bearing on
wildlife in North America and globally.

Wildlife have been a featured player in the history of rangelands (Chap. 3) but
are more than that—they are a fundamental piece of the whole that constitute range-
land ecosystems. Wildlife and rangeland management as scientific disciplines share
common origins and parallel histories (Chap. 30). Foundations of each were based
upon concepts developed in the pioneering field of forestry and focused on sustain-
able harvest of products—timber, forage, deer, quail. Each field has seen similar
progressions in ideas expanding from sustainable harvests of ‘valuable’ species to
adaptive management of functional and resilient ecosystems. This broadening of
focus has, no doubt, reflected shifting demographics and stakeholders (van Heezik
and Seddon 2005), that have pushed ecologists and managers to think more holis-
tically about rangeland ecosystems as more than the sum of their offtake. Contem-
porary managers must not only know theories describing population responses of
harvest management—either by cow or gun—but should have broader knowledge
that includes invasive species ecologies as related to state transitions, policy issues
related to threatened and endangered species, functional vs. biological diversity, and
so much more. This broadening means that contemporary rangeland and wildlife
managers should have training in landscape ecology, community ecology, and range-
land and wildlife policy, in addition to foundational understandings of the biology
and ecology of plants and animals. Now layer onto those scientific concepts the fact
that rangelands are almost always working lands inextricably linked to a people’s
sense of place and identity (Chap. 28), and the knowledge required to understand
rangeland ecosystems, including rangeland-dependent wildlife, becomes broad and
transdisciplinary.



1 Introduction to Rangeland Wildlife Ecology and Conservation 3

Table 1.1 Key terms used throughout this book

Term Definition Source

Great Plains Area of North America dominated by native grasslands | Chapter 2
within 12 states (CO, IA, KS, MN, MT, NE, ND, NM,
OK, SD, TX, WY) and 3 Canadian provinces (AB, MB,

SK)
Pastureland Land used primarily for the purpose of producing Charnley et al.
introduced (nonnative) forage for livestock (2014)
Rangeland Land on which the plant cover is composed principally of | Briske (2017)

native grasses, grass-like plants, forbs, or shrubs suitable
for grazing or browsing by native and domestic animals

Resilience The ability of a system (ecological, socio-economical, or | Walker (2010)
social-ecological) or aspects of systems to recover from
disturbances and return to its pre-disturbed condition

Resistance The ability of a system (ecological, socio-economical, or | Walker (2010)
social-ecological) or aspects of systems to remain
unchanged when subjected to changes or disturbances

Social-ecological | A conceptual framework for describing and studying Hruska et al.

system rangelands cohesively as a combination of social and (2017)
ecological components, interactions, and processes

Sustainable A term that describes (1) methods of extraction of Charnley et al.
renewable natural resources (e.g., grass) that do not (2014)

diminish the ecological integrity and biodiversity of
rangeland ecosystems, and (2) a level of extraction that
allows natural resources to recover to similar or higher
levels of productivity

West Area of western North America within 11 western states | Chapter 2
(AZ, CA, CO, ID, MT, NM, NV, OR, UT, WA, WY), and
3 Canadian Provinces (AB, BC, SK) Rangelands here
are often characterized by semi-arid and arid climates

Working Landscapes where people make their living by extracting | Charnley et al.
landscapes renewable natural resources, such as grass and trees (2014)

That wildlife are integral parts, not just benefactors, of rangeland ecosystems has
been understood by native peoples in North America for thousands of years, but
not until the late-twentieth century did scientists begin investigating their interac-
tions. In 1996, the Society for Range Management published a volume summarizing
information about select vertebrates that inhabited western United States rangelands
(Krausman 1996). Although Krausman (1996) still serves as a well-worn reference
for rangeland and wildlife managers, a wealth of new information concerning range-
land wildlife has been produced since its publication. For example, a Web of Science
search for “rangeland wildlife” produced 790 peer-reviewed publications during
1996-2019 (date of search 10/15/19); by comparison, less than 50 publications were
found for the period 1900-1995. As conservation issues have become increasingly
more common during this modern Anthropocene, some of the highest profile cases
have been with rangeland-dependent wildlife. We are now well past a time when
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rangeland and wildlife disciplines can remain siloed within their educational and
professional pursuits. Our goal for Rangeland Wildlife Ecology and Conserva-
tion has been to corral the best available science during the last quarter century
that addresses rangeland wildlife ecology, conservation, and management into a
product that will serve and help integrate professionals of the rangeland and wildlife
disciplines.

1.2 What This Book Is

By necessity, if not by design, Rangeland Wildlife Ecology and Conservation is a
hybrid. Textbooks are traditionally written cover to cover by the same author(s) and
attempt to distill major ideas in a discipline to something learnable in a semester;
whereas edited volumes in a book series are an assemblage of separate and sometimes
disparate articles—often documenting a conference symposium—that synthesize the
state of knowledge on a topic. In our hubris to achieve both, we recruited more than
100 subject matter experts to author 30 chapters on topics we identified as needing an
updated review—the authors list includes university and federal scientists, state and
federal rangeland and wildlife managers, NGO scientists and conservationists, and
ranchers. The result of this 3-year effort is both a synthesis of knowledge on major
rangeland wildlife topics and a contemporary (2022 c.e.) review of the state of the
science that we hope can be used as both a modern textbook in the training of students
in rangeland and wildlife science as well as a reference for working professionals.

1.3 What This Book Is Not

Certainly, the Rangeland Wildlife Ecology and Conservation is not a full and exhaus-
tive summary of everything rangeland managers and wildlife biologists should know.
For example, we acknowledge that soil properties and processes are critical drivers of
rangeland ecosystems with important implications for wildlife habitat management;
fortunately, a recent excellent review is provided elsewhere (Evans et al. 2017). We
have asked our authors to incorporate discussions of management tools (e.g., fire,
grazing, conservation programs and policy) into their chapters where appropriate,
but this book is not a paint-by-numbers recipe for the management of wildlife on
rangelands. That is impossible. Recent work, as demonstrated throughout this book,
has highlighted (1) what is unknown and uncertain, and (2) that wildlife interactions
and responses to rangeland management are context- and scale-dependent. Proper
rangeland management to achieve habitat targets for even a single species in a single
rangeland type will vary across space and time due to differences in soils, topology,
and precipitation. Instead, we asked authors to synthesize information relative to
habitat targets and describe how those may be influenced by managed (e.g., grazing)
and unmanaged (e.g., precipitation) conditions so that the content may be principle
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based and applicable across the distribution of a species. Local expertise is always
needed for proper management.

1.4 Organization

Rangeland Wildlife Ecology and Conservation is divided into three parts. In Part I
(Chaps. 2-8), rangeland scientists introduce the reader to major concepts in rangeland
ecology and management in western North America. Part I is not meant to be an
exhaustive review of the ecology and management of rangeland ecosystems; there
are excellent texts that do that (e.g., Briske 2017), but we felt that inclusion of this
introductory material would be beneficial for wildlife professionals who may not
have had previous training in rangeland ecology. Part II (Chaps. 9-26) includes
accounts in which subject matter experts present updated reviews and syntheses of
representative and well-studied species or guilds thereof. To aid in the use of this book
as a text and reference, the chapters in Part II share a common structure and include
(1) introductory sections on species life-histories, population dynamics, and habitat
requirements, (2) current methods for effective population monitoring, (3) syntheses
describing interactions with rangeland management, including livestock grazing and
fire, and (4) a summary of current threats to ecosystems. Because rangelands are
almost always working landscapes (Table 1.1), we conclude the book in Part III
with chapters demonstrating the importance of social-ecological understanding of
rangelands, that land, livestock, and wildlife management are intertwined, and how
that knowledge can be leveraged into more effective and holistic conservation of
rangeland wildlife.
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Part I
Rangeland Ecosystems and Processes



Chapter 2
Rangeland Ecoregions of Western North i
America

Frank E. “Fee” Busby, Eric T. Thacker, Michel T. Kohl,
and Jeffrey C. Mosley

Abstract The grasslands, deserts, shrublands, savannas, woodlands, open forests,
and alpine tundra of western North America where livestock grazed were collectively
referred to as ‘range’ in the nineteenth century. Today these ecosystems are often
referred to as rangelands. In the United States, rangelands comprise about 1/3rd of the
total land area, mostly in the 17 western states. Large areas of rangeland also occur in
Canada and Mexico. Rangelands provide numerous products, values, and ecosystem
services including wildlife habitat, clean air, clean water, recreation, open space,
scenic beauty, energy and mineral resources, carbon sequestration, and livestock
forage. This chapter describes rangeland ecoregions in western North America.

Keywords Rangeland regions * Grasslands + Savannas + Cool deserts -
Sagebrush - Hot deserts - Pifilon-juniper woodlands + Oak woodlands + Aspen
parkland - Ponderosa pine savanna + Mountain rangelands + Alpine tundra

2.1 Introduction

Itis unclear when the word range was first used to describe land in the western United
States but reports from explorers, ranchers, and scientists in the mid to late 1800s
referred to lands where livestock grazed as range. Confusingly, the word has also
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been used to describe the season of use (winter range) and the species of animal using
the land (cattle or deer range; Chap. 30). Today, range or rangeland is not thought of
as a kind of use but as a kind of land where grasses, forbs, shrubs, sedges, and rushes
dominate and the land is valued and managed for wildlife habitat, clean air, clean
water, recreation, open space, scenic beauty, energy and mineral resources, carbon
sequestration as well as livestock forage (Box 1978; Havstad et al. 2009). Because
the word range was used to describe lands throughout the western US, the idea
that it referred to various kinds of vegetation developed early. Grasslands, deserts,
shrublands, savannas, woodlands, some forests, meadows, and tundra ecosystems
are all considered rangeland. Collectively rangelands form the most extensive land
type on Earth and make up about 1/3rd (308 million ha) of the land area of the US.
Most North American rangeland occurs in the 17 western states and adjacent areas
in Canada and Mexico (Havstad et al. 2009).

Rangelands provide important habitat for many birds, herpetofauna, mammals,
and insects (e.g., Chaps. 8-26). Sustaining rangeland wildlife requires sustaining
rangeland vegetation suitable for wildlife. However, it is important for rangeland
habitat managers to reconcile that it is impossible to maximize habitat quality for
all wildlife at the same time. Any change in rangeland plant community structure or
plant species composition simultaneously favors some wildlife species and disfavors
others (Maser and Thomas 1983; Mosley and Brewer 2006). Consequently, habitat
management commonly seeks to achieve two goals: (1) provide sufficient variability
in vegetation conditions across the landscape to sustain a diverse wildlife community,
and (2) make limiting habitat factors for desired wildlife species less limiting (Maser
and Thomas 1983; Mosley and Brewer 2006). Changes in rangeland vegetation are
dictated by the intensity and frequency of both natural and anthropogenic distur-
bances, and their interactions. Natural disturbances may include drought, flooding,
wildfire, and grazing or browsing by wildlife. Anthropogenic-related disturbances
may include chemical or mechanical habitat treatments, prescribed burning, artificial
revegetation, and livestock grazing or browsing, which are discussed throughout this
book.

Differences in amount, kind, and season of precipitation are the primary factors
contributing to the development and distribution of the 25 rangeland ecoregions
described in this chapter (Table 2.1; Stephenson 1990). Seven ecoregions occur east
of the Rocky Mountains and Sierra Madre Oriental Mountains on the relatively flat
landscapes of the Great Plains and Gulf Coastal Plain, while 18 ecoregions occur in
the valleys, foothills, and mountains westward from the Rocky Mountains.

The eastern ecoregions, dominated by perennial grasslands and savannas, receive
> 70% of their annual precipitation between April and September from storms that
originate in the Gulf of Mexico. Warm-season (C4) grasses dominate all but the
most northern of these ecoregions. Cool-season (C3) plants dominate the western
ecoregions, with most areas receiving > 50% of their annual precipitation between
October and April from storms originating in the Pacific Ocean. Many western ecore-
gions receive 50-70% of their annual precipitation as snow, and plants grow rapidly
following snowmelt in spring. Sagebrush shrublands, pifion-juniper woodlands, oak
woodlands, and montane ecosystems are the most extensive rangeland types in the
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Table 2.1 Major rangeland ecoregions of western North America

East of the rocky mountains West of the rocky mountains

Winter precipitation Summer precipitation
Great Plains Prairie Winter rain Chihuahuan Desert
Grasslands California Annual Grassland | Sonoran Desert
Tallgrass Prairie California Oak Woodland Mojave Desert
Shortgrass Prairie California Chaparral Interior Chaparral
Northern Mixed-Grass Prairie Southwestern Oak Woodland
Southern Mixed-Grass Prairie
Savannas and Parklands Winter snow
Aspen Parkland Salt Desert Shrub
Edwards Plateau Sagebrush Steppe
Tamaulipan Thornscrub Great Basin Sagebrush

Pifion-Juniper Woodland
Mountain Brush

Montane Grassland
Montane Sagebrush Steppe
Ponderosa Pine Savanna
Montane and Subalpine
Meadow

Alpine Tundra

Ecoregions are listed in the order they are presented in text

western ecoregions. West of the Sierra Nevada Mountains, annual grasses and forbs
are major components of the vegetation and grow throughout the winter. These areas
receive > 80% of their annual precipitation as rain between October and April.
Ecoregions in the southwestern US and northern Mexico receive most of their
precipitation from July to October during the North American monsoon. These
ecoregions also have hotter air temperatures than areas located farther north, and
C4 grasses, shrubs, and succulents (plants with CAM photosynthesis) are common.
Classification of rangelands into ecoregions helps us to understand ecological
relationships at a large-scale level but is not sufficient for rangeland management.
For management purposes, an ecological site system, including state-and-transition
models (described in Chap. 5), has been developed for most rangelands in the US
(Caudle et al. 2013). Within a rangeland ecoregion, an ecological site is a distinctive
kind of land with specific soil and physical (primarily climate and topography) char-
acteristics that differ from other kinds of land in its ability to produce a distinctive kind
and amount of vegetation and its ability to respond similarly to management actions
and natural disturbances. The state-and-transition model for a site identifies: (1)
multiple stable vegetation states, (2) plant communities that can exist within a state,
(3) pathways that indicate changes such as a fire and recovery from fire that can occur
between plant communities, (4) reversible transitions between states, (5) thresholds
or ecological constraints such as soil erosion that change soil water holding capacity,
and (6) irreversible transitions that occur when thresholds are crossed (Fig. 2.1; see
Chap. 5). Discussion included in an ecological site description and its state-and-
transition model provide guidance to rangeland managers on which interventions
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Fig. 2.1 Conceptual state and transition model incorporating the concepts of multiple stable state,
communities within states, community pathways between communities within states, reversible
transitions, thresholds, and irreversible transitions (modified from Stringham et al. 2003)

(e.g., grazing, prescribed fire, mechanical treatments, herbicides, etc.) are likely to
be successful. Opportunities for management intervention are severely limited or lost
when a threshold has been crossed and a rangeland plant community transitions into
a different state (Stringham et al. 2003; Briske et al. 2005).

Climate, soils, and topographic position mediate vegetation dynamics and define
the ecological potential of rangeland vegetation at a broader ecoregion-scale. Range-
land ecoregions provide ecological sideboards that constrain rangeland habitat
management options. In this chapter we highlight the physiognomy and ecology
of 25 major rangeland ecoregions in western North America (Table 2.1). Each ecore-
gion provides critical habitat for wildlife. Common plant names are presented here,
matched with their scientific names in Table 2.2.

2.2 Rangelands East of the Rocky Mountains

The Great Plains and the Gulf Coastal Plain extend from the Rocky Mountains and
Sierra Madre Oriental Mountains toward the Mississippi River and from the Gulf of
Mexico and northeastern Mexico to southern Canada. Dominant vegetation in the
Great Plains and Gulf Coast Prairie was grassland before much of it was converted to
cropland agriculture. North and south of the grasslands lies savannas where grasses
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and woody plants coexist. Aspen parkland savanna lies north while the Edwards
Plateau and the Tamaulipan thornscrub savannas are located south of the grasslands
(Fig. 2.2). Warm-season (C4) grasses dominate the rangeland ecoregions east of the
Rocky Mountains except the northern mixed-grass prairie where cool-season (C3)
grasses become codominant. Cool-season grasses dominate the aspen parkland (Sims
and Risser 2000).
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Fig. 2.2 Rangeland ecoregions in the eastern half of western North America
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2.2.1 Great Plains Prairie Grasslands

Across the Great Plains elevations range from 1200-1500 m along the Rocky Moun-
tain foothills to 200400 m along a line running from central Texas to southcentral
Manitoba. The Gulf Coast Prairie occurs as a narrow strip of land along the southern
coast of Texas (Fig. 2.2). Topography of the Great Plains is described as rolling plains
although scattered mountains such as the Black Hills occur in the region. The Gulf
Coast Prairie with elevations ranging from sea level to 50 m has little topographic
relief. Temperature, precipitation, and evapotranspiration decrease from south to
north while precipitation effectiveness increases. Precipitation also decreases from
east to west. Based on these differing climatic conditions the prairie is divided into
tallgrass, northern-mixed grass, southern mixed-grass, and shortgrass prairies (Sims
and Risser 2000; Anderson 2006).

Today ~65% of the prairie grasslands is used for cropland or another non-range
use (Comer et al. 2018). The greatest loss of rangeland is in the tallgrass and northern
mixed-grass prairies. Despite the amount of land that has been converted, the Great
Plains prairie grasslands support ~50% of the US beef cow herd (Klemm and Briske
2021) and 75% of the beef cattle in Canada (Wang et al. 2017). Most of the livestock
operations in the Great Plains graze less than 100 animals and produce both livestock
and crops (Mitchell 2000).

2.2.1.1 Tallgrass Prairie

The tallgrass prairie occurs in the eastern Great Plains, extending from central Texas
into Manitoba (Fig. 2.2). Annual precipitation averages 500-1000 mm with most
falling during the summer (Anderson 2006). Approximately 90% of annual herba-
ceous production is completed each year by 1 September (Stephenson et al. 2019;
Smart et al. 2021). Tallgrass prairie flora is dominated by four warm-season grasses
(Samson and Knopf 1994; Griffith et al. 2004). Big bluestem, Indiangrass, and switch-
grass grow in the more moist areas while little bluestem dominates drier sites. Green
needlegrass and porcupine grass are important cool-season grasses that grow in the
northern third of the tallgrass prairie. Grasses produce the larger amount of biomass,
but the number of forb species exceeds the number of grass species. Kentucky blue-
grass and smooth bromegrass are non-native cool-season grasses that have invaded
the northern part of the tallgrass prairie. Caucasian bluestem and yellow bluestem
(collectively “Old World bluestems”) are non-native warm-season grasses that have
invaded in the south. Sericea lespedeza, a forb originally introduced from Asia for
erosion control, is invading the tallgrass prairie from Texas to Nebraska. Woody
plants such as blackjack oak, post oak, and especially eastern red cedar are expanding
throughout the tallgrass prairie (Lauenroth et al. 1999; DeKeyser et al. 2013). About
86% of the tallgrass prairie has been converted to cropland (Comer et al. 2018). Large
areas where tallgrass prairie remain are where soils are not suitable for cultivation
(e.g., the Flint Hills in Kansas; Anderson 2006).
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2.2.1.2 Shortgrass Prairie

The shortgrass prairie occurs on the flat-to-rolling dry plains of western Kansas
and Oklahoma, eastern Colorado and New Mexico, and the High Plains of Texas
(Fig. 2.2). Precipitation averages 300-500 mm (Lauenroth 2008). About 62% of the
shortgrass prairie has been converted to cropland or other uses (Comer et al. 2018).
The largest areas of land conversion are in the High Plains of Texas, eastern Colorado,
and western Oklahoma and Kansas where irrigation water from the Ogallala aquifer
is available (Lauenroth 2008).

Blue grama and buffalograss are the dominant grasses in the shortgrass prairie.
Sideoats grama, galleta, threeawns, tobosagrass, and sand dropseed are other promi-
nent warm-season grasses. Needle and thread, New Mexico feathergrass, prairie june-
grass, western wheatgrass, and sun sedge are conspicuous cool-season plants (Lauen-
roth 2008). Semi- or subshrubs (herbaceous stems but woody at the base) such as
broom snakeweed and prairie sagewort grow throughout the shortgrass prairie. Forbs
can be abundant during wet years but seldom comprise large proportions of short-
grass prairie plant communities. Prickly pear cactus is common on dry sites. Honey
mesquite and various species of juniper have increased on shortgrass prairie range-
lands in Texas and New Mexico to such an extent that many areas are now savannas
(Sims and Risser 2000; Lauenroth 2008). Sand shinnery oak, a native, low-growing
deciduous shrub forms dense thickets on sandy soil sites in the southern High Plains
of Texas, New Mexico, and Oklahoma (Peterson and Boyd 1998; Haukos 2011).

2.2.1.3 Northern Mixed-Grass Prairie

The northern mixed-grass prairie is found in Alberta, Montana, North Dakota,
Saskatchewan, South Dakota, and Wyoming. The boundaries are the Rocky Moun-
tains on the west, shortgrass prairie and the Nebraska sandhills on the south, tallgrass
prairie on the east, and aspen parkland on the north (Fig. 2.2). Northern mixed-grass
prairie has the most diverse flora among the Great Plains grasslands (Barker and
Whitman 1988; Lavin and Siebert 2011), with plant species that also exist in the
tallgrass and shortgrass prairies and in the cool deserts located farther west. Large
expanses of northern mixed-grass prairie remain, except in Manitoba where most
rangeland has been converted to cropland (Coupland 1992). Annual precipitation
averages 350-500 mm and peaks in April-June with 90% of annual herbaceous
production completed each year by 1 July (Vermeire et al. 2009; Smart et al. 2021).

The most abundant cool-season grasses include bluebunch wheatgrass, bottle-
brush squirreltail, green needlegrass, Idaho fescue, needle and thread, porcupine
grass, prairie junegrass, Sandberg bluegrass, slender wheatgrass, and western wheat-
grass. Big bluestem, blue grama, little bluestem, and sideoats grama are prevalent
warm-season grasses in the eastern portion of the northern mixed-grass prairie.
Shrubs such as shrubby prairie rose, silver buffaloberry, and snowberry grow in
low-lying areas where snow accumulates. Other notable shrubs include plains silver
sagebrush, Wyoming big sagebrush, and yellow rabbitbrush. Numerous native forbs
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occur in northern mixed-grass prairie but rarely comprise large proportions of the
plant communities. Cheatgrass, crested wheatgrass, field brome, Kentucky bluegrass,
medusahead, smooth bromegrass, and ventenata are non-native grasses that have
invaded much of this ecoregion (DeKeyser et al. 2013). Non-native invasive forbs
such as knapweeds, leafy spurge, and yellow toadflax also are widely distributed
within the northern mixed-grass prairie.

2.2.1.4 Southern Mixed-Grass Prairie

Southern mixed-grass prairie receives 530—870 mm annual precipitation, and 90%
of annual herbaceous production is completed each year by 1 September (Vermeire
et al. 2009; Smart et al. 2021). Southern mixed-grass prairie is bordered by northern
mixed-grass prairie to the north, the Edwards Plateau to the south, tallgrass prairie to
the east, and shortgrass prairie to the west (Fig. 2.2). Warmer temperatures, greater
mid- to late summer precipitation, a longer growing season, and dominance by warm-
season grasses distinguish southern mixed-grass prairie from northern mixed-grass
prairie. Approximately 70% of the southern mixed-grass prairie in Texas has been
converted to cropland (Comer et al. 2018).

Important warm-season grasses include sideoats grama, little bluestem, bristle-
grass, dropseeds, silver bluestem, threeawns, and white tridens. Important cool-
season grasses are Texas wintergrass in the southern part of this ecoregion, with
needle and thread and western wheatgrass prevalent in the northern part. Big
bluestem, Indiangrass, and switchgrass grow on moist sites throughout this ecoregion
(Lauenroth et al. 1999; Sims and Risser 2000).

The southern mixed-grass prairie was dominated by grasses prior to European
settlement, although escarpments and canyons were dominated by woody species
including honey mesquite, eastern red cedar, lotebush, and redberry juniper. Post-
settlement fire suppression enabled woody plants to expand into the grassland with
honey mesquite and redberry juniper invading in New Mexico and Texas and eastern
red cedar in the northern part of this ecoregion in Oklahoma and Kansas. Blue grama
occurs throughout this ecoregion and becomes more abundant with increased grazing
pressure and severe drought, as do buffalograss, red grama, and threeawns (Wright
and Bailey 1980; Griffith et al. 2004).

2.2.2 Savannas and Parklands

Savannas and parklands occur where woody and herbaceous plants are co-dominant
and woody canopy is sufficiently open to allow growth of grasses and other herba-
ceous species. Low-intensity ground fires maintain the codominance and openness
of the savanna by reducing but not eliminating woody plant cover. Woody plants that
are capable of regrowing from root buds located below ground are favored (Fowler
and Beckage 2020). With fire suppression, woody plants increase in density and open
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savannas become closed woodlands or forests (Archer et al. 1988; Staveretal. 2011).
Three savannas occur east of the Rocky Mountains and Sierra Madre Oriental Moun-
tains: aspen parkland north of the northern mixed-grass prairie, Edwards Plateau
south of the southern mixed-grass prairie, and Tamaulipan thornscrub in southern
Texas and northeastern Mexico (Fig. 2.2).

2.2.2.1 Aspen Parkland

Aspen parkland occurs as a mosaic of aspen groves and interspersed grassland from
North Dakota, across Saskatchewan, to south-central Alberta (Strong and Leggat
1992; Padbury et al. 1998; Fig. 2.2). Aspen parkland is a transition zone, bounded
to the north and east by boreal forest, to the south by northern mixed-grass prairie,
and to the west by Rocky Mountain foothills. Annual precipitation averages 400—
500 mm with 80+% occurring from late spring to early summer. The topography is
mostly level to undulating, with aspen groves growing on moist north-facing slopes
and depressions, and grassland occupying the drier hilltops and south-facing slopes.
Balsam poplar often co-dominates with aspen in the wettest areas. Moderated air
temperatures and longer frost-free periods beneath aspen grove canopies generate
abundant and diverse understory vegetation (Powell and Bork 2007). Understory
shrubs include chokecherry, serviceberry, snowberry, and wild rose. Noteworthy
understory herbaceous species include bluegrasses, sedge, and western meadowrue.
In the interspersed grassland, plains rough fescue dominates. Subdominant grasses
include porcupine grass, prairie junegrass, and slender wheatgrass, and grassland
forbs include geranium, goldenrod, and western yarrow. Before European settle-
ment, fire prevented aspen from encroaching into the grassland. Post-settlement fire
suppression has enabled aspen to expand (Bailey and Wroe 1974; Anderson and
Bailey 1980). Heavy livestock grazing pressure has reduced or eliminated plains
rough fescue in many locations, and non-native orchardgrass and smooth bromegrass
have become widespread. Much of the aspen parkland ecoregion (> 80%) has been
converted to highly productive cropland (Comer et al. 2018).

2.2.2.2 Edwards Plateau

The Edwards Plateau ecoregion is in central Texas, south of the shortgrass prairie and
southern mixed-grass prairie, west of the tallgrass prairie, and east of the Chihuahuan
Desert (Fig. 2.2). The eastern portion of the Edwards Plateau has weathered into
low, rounded hills and valleys known locally as “The Hill Country” (Jordan 1978).
Topography in the western portion of the Edwards Plateau is flat to gently rolling,
dissected by steep-sloped canyons. Mean annual precipitation varies west to east,
from 480 to 790 mm. Most soils are shallow and rocky. Woody plant density increases
and understory plants decrease in the absence of fire or other disturbance (Fuhlendorf
and Smeins 1997, Griffith et al. 2004).
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Vegetation in the Edwards Plateau ecoregion is a mix of woodland and savanna.
Ashe juniper co-dominates with Texas live oak in eastern portions of the Edwards
Plateau. Prominent savanna grasses in the eastern Edwards Plateau include big
bluestem, blue grama, Indiangrass, little bluestem, sideoats grama, silver bluestem,
and switchgrass. These grasses decrease in abundance as tree canopy increases,
enabling hairy grama, curlymesquite, Texas wintergrass, and threeawns to gain
dominance. In the western part of the Edwards Plateau, Ashe juniper co-dominates
with honey mesquite. Savanna grasses in the western Edwards Plateau include black
grama, blue grama, dropseeds, little bluestem, lovegrasses, and sideoats grama. With
increased herbivory and increased woody plant cover, buffalograss, curlymesquite,
Texas grama, Texas wintergrass, and threeawns increase (Fuhlendorf and Smeins
1997; Griffith et al. 2004).

2.2.2.3 Tamaulipan Thornscrub

Tamaulipan thornscrub occurs south of the Edwards Plateau and includes the South
Texas Plain in southern Texas and adjacent areas in northeastern Mexico (Fig. 2.2).
Plant species diversity is high in Tamaulipan thornscrub due to its location at the
confluence of subtropical, desert, and coastal ecoregions. Elevations range from
near sea level to 800 m, and annual precipitation averages 600750 mm. Small trees
and shrubs, many with thorns or spines, dominate the vegetation including algerita,
Berlandier’s wolfberry, blackbrush acacia, catclaw acacia, guajillo acacia, lotebush,
prickly pear cactus, spiny hackberry, and Texas persimmon. Associated grasses
include bristlegrass, cane bluestem, lovegrasses, multiflowered false rhodesgrass,
pink pappusgrass, sideoats grama, silver bluestem, and thin paspalum. Tobosagrass
grows on heavy clay soils. Grasses on drier sites include buffalograss, curlymesquite,
hooded windmillgrass, red grama, Texas grama, and threeawns (Archer et al. 1988;
Griffith et al. 2004). Several introduced perennial grasses have become invasive,
including bermudagrass, buffelgrass, Lehmann lovegrass, and yellow bluestem
(Wied et al. 2020). Tanglehead is a native perennial grass that also has become
invasive (Bielfelt and Litt 2016; Wester et al. 2018).

2.3 Rangelands West of the Rocky Mountains

This region extends from southern British Columbia and southwestern Alberta to
northern Mexico. The eastern boundary is the eastern slopes of the Rocky Moun-
tains, Arizona-New Mexico Mountains, and the Sierra Madre Oriental Mountains.
The western boundary is the Pacific Ocean (Fig. 2.3). Large areas in California,
Washington, and Idaho have been converted to cropland, but when compared with
the Great Plains the western rangelands are relatively intact.

Unlike the Great Plains where there is little topographic relief, the region
westward from the Rocky Mountains is dominated by valleys and mountains.
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Fig. 2.3 Rangeland ecoregions in the western half of western North America

Precipitation increases, temperatures decrease, and vegetation changes as eleva-
tion increases. Deserts, shrublands, and grasslands dominate the valleys. Sage-
brush, chaparral, piflon-juniper, and oak woodlands dominate the mid-elevations,
and montane meadows, shrublands, and savannas dominate the upper elevations.
Alpine tundra is found on the highest mountains.
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2.3.1 Rangeland Regions Receiving Precipitation as Winter
Rain

Mediterranean climates are characterized as having warm wet winters and hot dry
summers. In North America, Mediterranean rangelands are found in the Great Central
Valley of California and surrounding foothills (Fig. 2.3). Ecoregions considered here
are California annual grasslands, oak woodlands, and chaparral. Annual grasses
and forbs dominate the annual grasslands, where topography is flat to rolling with
elevation ranging from 15 to 150 m. Oak savannas-woodlands occur on rolling to
steeply sloping hills with annual grasses and forbs dominating the understory and
open meadows. Chaparral occurs on rocky slopes. Precipitation in the Central Valley
annual grasslands ranges from 150 to 400 mm. In the oak woodlands and chaparral,
annual precipitation varies from 200 to 815 mm, increasing with elevation and from
south to north. Annual precipitation is highly variable but approximately 80+% of the
precipitation in all three ecoregions occurs from October to April. Severe droughts
are common (Barbour and Minnich 2000; Rundel et al. 2016).

2.3.1.1 California Annual Grassland

The California annual grassland ecoregion is centered near the Great Central Valley
(Fig. 2.3). Topography is flat to rolling with elevation ranging from 15 to 150 m. Non-
native annual grasses and forbs from Spain and other Mediterranean regions dominate
California annual grassland. Prior to Spanish settlement in 1769, this grassland was
dominated by native perennial grasses including California oatgrass, nodding needle-
grass, purple needlegrass, wheatgrasses, and wildryes (Burcham 1957). Non-native
annual grasses were widespread by the early 1800s (Wagner 1989). Heavy live-
stock grazing pressure and severe drought contributed to the conversion from native
perennials to non-native annuals (Burcham 1957). A change in precipitation pattern
exacerbated drought and grazing effects. Peak precipitation shifted from summer to
winter, which favored the non-native annual grasses and disfavored native bunch-
grasses (Axelrod 1973; Raven and Axelrod 1978). Hundreds of non-native annual
grass and forb species grow in this ecoregion today, but only a few are widespread
(Baker 1989). Ripgut brome, soft chess, slender wild oat, and wild oats are the domi-
nant annual grasses. Associated annual forbs include burclover, filaree, and longbeak
stork’s bill. Medusahead, a non-native annual grass, is a significant problem (Nafus
and Davies 2014).

2.3.1.2 California Oak Woodland

California oak woodland occupies a transition zone between California annual grass-
land and montane forest at the upper margins. Blue oak, coast live oak, and valley oak
are the most widespread oak species. In blue oak woodland and savanna, blue oak
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associates with California foothill pine, coast live oak, and valley oak. In valley oak
woodland and savanna, valley oak associates with coast live oak, blue oak, California
black oak, walnut, and California sycamore. In coast live oak woodland and savanna,
coast live oak associates with blue oak. The same annual grasses and forbs that
grow in the lower elevation annual grasslands grow in open stands of the oak wood-
lands. Conspicuous understory shrubs include black sage, ceanothus, manzanita, and
narrowleaf goldenbush (Bartolome 1987; Allen-Diaz et al. 2007). A major threat to
California oak woodland is the plant disease known as sudden oak death which is
caused by the non-native, fungus-like, soil-borne pathogen Phytophthora ramorum
(Rizzo et al. 2002).

2.3.1.3 California Chaparral

California chaparral is widespread throughout the state of California. More than
1000 plant species inhabit California chaparral. Herbaceous species comprise about
75% of the species, but plant communities are dominated by 1.5—4-m tall closely
spaced shrubs that have thick, leathery, evergreen leaves (Rundel 2018). Ceanothus,
chamise, and manzanita commonly inhabit drier sites. Buckthorn, scrub oak, and
sumac occupy wetter sites (Keeley 2000). The thick, leathery leaves of chaparral
plants increases their drought resistance, but their leaves also contain flammable
resins and oils. Pre-European settlement fire return interval is estimated to have been
30-90 years depending on stand density and location. Due to human interference the
return interval has decreased to 5-10 years. Both historical and current fires are high-
severity, stand-replacing fires. Annual grasses and forbs proliferate soon after fire,
but shrubs recover within 10 years because chaparral shrubs resprout following top-
kill by fire or other disturbance, and seed dormancy is broken by heat or chemicals
in smoke (Mooney and Miller 1985; Keeley et al. 2012).

2.3.2 Rangeland Regions Receiving Precipitation as Winter
Snow

Most precipitation falls as snow during the winter in the Colorado Plateau, Columbia
Plateau, Great Basin, Wyoming Basins, and at higher elevations in all western moun-
tain ranges from Canada to Mexico. Temperatures are cool and snow accumulates
throughout the winter. Soil water is generally at its maximum following spring
snowmelt, allowing rapid growth of plants (West and Young 2000). In the valleys
and lower foothills of these rangelands, salt desert shrublands and sagebrush shrub-
lands have been described as cold deserts, but they are only cold in the winter (West
1983b; West and Young 2000). Summers in these regions are hot although tempera-
tures decrease as elevation increases. Invasive annual grasses have increased the fire
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frequency and severity in salt desert shrub, sagebrush steppe, and Great Basin sage-
brush ecoregions (West and Young 2000). Rangeland ecoregions in the following
sections are arranged from lower to higher elevations.

2.3.2.1 Salt Desert Shrub

Salt desert shrub occurs in the Colorado Plateau, Great Basin, and Wyoming Basins
(Fig. 2.3) on sites where soils are alkaline, saline or both (West 1983a; Blaisdell and
Holmgren 1984). This vegetation type also occurs on similar sites in the northern
mixed-grass prairie. Annual precipitation averages 130-330 mm. Shadscale and
winterfat are important shrubs throughout this ecoregion. Gardner’s saltbush co-
occurs with shadscale and winterfat in the Wyoming Basins, whereas shadscale and
winterfat associate with mat saltbush and valley saltbush in the Colorado Plateau.
Greasewood occurs in areas with a seasonally high-water table (West and Young
2000; Duniway et al. 2018). Bottlebrush squirreltail, Indian ricegrass, needle and
thread, and Sandberg bluegrass are the dominant native cool-season grasses. Warm-
season grasses are more prevalent in the southern part of this ecoregion and include
blue grama, galleta, purple threeawn, and sand dropseed. Buckwheat, desert prince’s-
plume, and scarlet globemallow are important native forbs. The salt desert shrub
ecoregion has been invaded by cheatgrass, bur buttercup, halogeton, and Russian
thistle. Wildfire is infrequent but areas dominated by cheatgrass can burn during
years of above-average precipitation (Blaisdell and Holmgren 1984; Duniway et al.
2018).

2.3.2.2 Sagebrush Steppe

The sagebrush steppe occurs in the Columbia Plateau and Wyoming Basins (Fig. 2.3;
West and Young 2000). Wyoming big sagebrush is typically dominant, with basin
big sagebrush dominant in deeper, well-drained soils. Associated shrubs include
horsebrush, rubber rabbitbrush, winterfat, and yellow rabbitbrush. Herbaceous under-
stories are dominated by bluebunch wheatgrass, bottlebrush squirreltail, Columbia
needlegrass, Idaho fescue, Indian ricegrass, needle and thread, Sandberg bluegrass,
slender wheatgrass, and Thurber needlegrass (Miller and Eddleman 2000; West and
Young 2000). Because of fire suppression, western juniper has invaded areas of
sagebrush steppe (Miller et al. 2005, 2019). This ecoregion also has been invaded by
non-native annual grasses including cheatgrass, medusahead, and ventenata (Davies
et al. 2011; Jones et al. 2020).

2.3.2.3 Great Basin Sagebrush

Sagebrush-dominated rangeland at low-to-mid elevations in the Great Basin and
Colorado Plateau comprises the Great Basin sagebrush ecoregion (Fig. 2.3; West
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and Young 2000). Wyoming big sagebrush and basin big sagebrush are the dominant
shrubs. Rubber rabbitbrush and yellow rabbitbrush often co-occur and can dominate
after fire. Broom snakeweed, horsebrush, and winterfat also are important shrubs.
On sites with sandy loam or sandy soils, blackbrush, fourwing saltbush, Mormon
tea, and sand sagebrush co-occur with Wyoming big sagebrush. Antelope bitterbrush
grows with Wyoming big sagebrush on rocky soils adjacent to higher elevation pifion-
juniper woodland (West 1983c; West and Young 2000). Basin wildrye, bluebunch
wheatgrass, bottlebrush squirreltail, muttongrass, prairie junegrass, and Sandberg
bluegrass are notable grasses. In the southern third of this ecoregion, associated
warm-season grasses include blue grama, galleta, purple threeawn, and sand dropseed
(West 1983c; West and Young 2000). Important forbs are blue flax, globemallow, and
western yarrow (West and Young 2000; Leger and Baughman 2015). Utah juniper
has invaded areas of Great Basin sagebrush (Miller et al. 2008, 2019). Numerous
non-native invasive plant species have invaded the Great Basin sagebrush ecore-
gion, including cheatgrass, medusahead, halogeton, bur buttercup, Russian thistle,
mustards, and pepperweed (Pyke et al. 2016; Boyd et al. 2021).

2.3.2.4 Pinon-Juniper Woodland

Piflon-juniper woodlands occupy mid-elevation foothills in the Apache Highlands,
Arizona-New Mexico Mountains, Colorado Plateau, Columbia Plateau, Great Basin,
and Wyoming Basins (Fig. 2.3; Adams 2018). Annual precipitation averages 300—
600 mm across this expansive and diverse ecoregion. Approximately 50-60% of
the precipitation falls during the winter in the Columbia Plateau, Great Basin, and
Wyoming Basins while 60+% falls during the summer in the southern regions. Varied
species of juniper and pifion dominate together or alone, depending upon climate,
soils, and topography (West 1999). Western juniper dominates alone in the Columbia
Plateau. Utah juniper dominates alone in Wyoming, but co-occurs with singleleaf
pifion in the Great Basin, and with two-needle pifion in the Colorado Plateau. Alli-
gator juniper and oneseed juniper associate with two-needle pifion in the Arizona
and New Mexico Mountains. Redberry juniper grows with Mexican pifion in the
Arizona Highlands and mountain foothills in northern Mexico. In Northern Rocky
Mountain foothills, Rocky Mountain juniper dominates alone or co-dominates with
limber pine (Adams 2018).

Where juniper and pifion co-occur, juniper is more drought resistant, the first
to expand into new areas, and usually more abundant at lower elevations. Pifions
dominate or co-dominate more mesic and higher elevation sites (Romme et al. 2009;
Miller et al. 2019). Pifion-juniper physiognomy in the Colorado Plateau, Arizona-
New Mexico Mountains, and Apache Highlands is usually a persistent woodland
with high tree densities, whereas the woodland is typically more savanna-like in the
Columbia Plateau, Great Basin, Rocky Mountain foothills, and Wyoming Basins.

Juniper and pifion woodland has increased in area and tree density during the past
150 years, while understory grass, forb, and shrub cover has decreased (Burkhardt
and Tisdale 1969; Romme et al. 2009). Within the Columbia Plateau, Great Basin,
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and Wyoming Basins, prominent understory shrubs include antelope bitterbrush,
black sagebrush, curl-leaf mountain mahogany, low sagebrush, Mormon tea, most
subspecies of big sagebrush, rubber rabbitbrush, and yellow rabbitbrush. Grasses
include bluebunch wheatgrass, Idaho fescue, Indian ricegrass, prairie junegrass,
needle and thread, Sandberg bluegrass, and bottlebrush squirreltail. In the Colorado
Plateau, blue grama and galleta also characterize pifion-juniper woodlands (West
1983c; Miller et al. 2019). Further south in Arizona, New Mexico, and Mexico,
understory grasses include Arizona cottontop, black grama, blue grama, hairy grama,
muhly, Rothrock grama, sideoats grama, slender grama, and threeawns. Understory
shrubs include desert ceanothus, manzanita, Mexican cliffrose, shrub live oak, and
true mountain-mahogany (Gottfried and Severson 1993; Floyd et al. 2004).

2.3.2.5 Mountain Brush

Mountain brush occurs above pifion-juniper woodlands and below coniferous forests
at elevations between 1500 and 2500 m. The largest areas of mountain brush occur in
Colorado and Utah on the western slopes of the Rocky Mountains (Fig. 2.3; Vankat
2013a). Annual precipitation ranges from 380 to 560 mm. Gambel oak, the most
widespread plant in this ecoregion, reproduces from rhizomes or resprouts from its
root crown following top-kill by fire or other disturbance (Harper et al. 1985; Tiede-
mann et al. 1987). Growth of this species varies from dense shrub stands with sparse
understory, to open plant communities with Gambel oak growing in clumps (mottes)
and shrubs and herbaceous plants growing in the interspaces. Sometimes individual
mottes cover several hectares. Other shrubs include antelope bitterbrush, bigtooth
maple, chokecherry, mountain big sagebrush, mountain snowberry, and serviceberry.
Grasses include bluebunch wheatgrass, Idaho fescue, muhly, muttongrass, needle-
grass, slender wheatgrass, Thurber fescue, and western wheatgrass. Important forbs
are balsamroot, beardtongue, blue flax, geranium, lupine, mule’s ear wyethia, and
western yarrow. Bulbous bluegrass, cheatgrass, knapweeds, thistle, and yellow toad-
flax are notable invasive plants in mountain brush (Vankat 2013a; Kaufmann et al.
2016).

2.3.2.6 Montane Grassland

Montane grassland occurs on mountain and foothill slopes of the Rocky Mountains,
eastern Cascade Mountains, and Sierra Nevada Mountains (Fig. 2.3). This ecore-
gion extends westward from the Cypress Hills in southwestern Saskatchewan to
southern Alberta and British Columbia; south to include northeastern Oregon, south-
eastern Washington, and northern Nevada; eastward to include Idaho, Colorado,
and Wyoming; and north to include central and western Montana (Mueggler and
Stewart 1980). Annual precipitation averages 400-650 mm. Vegetation is domi-
nated by cool-season perennial bunchgrasses including bluebunch wheatgrass, Idaho
fescue, and slender wheatgrass. These grasses co-occur with foothills rough fescue
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in western Montana and southern British Columbia. Native forbs such as geranium,
lupine, and western yarrow are common (Brewer et al. 2007; Thrift et al. 2013). In
southern Alberta, Parry oatgrass replaces bluebunch wheatgrass in association with
Idaho fescue and foothills rough fescue (Looman 1969). Heavy grazing pressure
weakens bluebunch wheatgrass, foothills rough fescue, and Idaho fescue. In turn,
Parry oatgrass, purple threeawn, and timber oatgrass increase along with invasive
grasses and forbs. Non-native invasive grasses include cheatgrass, Kentucky blue-
grass, medusahead, smooth bromegrass, timothy, and ventenata. Non-native invasive
forbs include leafy spurge, spotted knapweed, and sulphur cinquefoil.

2.3.2.7 Montane Sagebrush Steppe

Montane sagebrush steppe occurs on mountain and foothill slopes of the Rocky
Mountains (Fig. 2.3) at elevations of 1050-3050 m. This ecoregion occurs in Alberta,
British Columbia, California, Colorado, Idaho, Montana, Nevada, Oregon, Utah,
Washington, and Wyoming. Annual precipitation averages 250-700 mm. Montane
sagebrush steppe generally has a longer summer growing season and warmer winters
than montane grassland. The shrub layer in montane sagebrush steppe is usually
dominated by mountain big sagebrush, mountain silver sagebrush, or snowfield sage-
brush. Threetip sagebrush dominates or co-dominates some sites, and horsebrush and
antelope bitterbrush are frequent associates. Cool-season perennial bunchgrasses
such as bluebunch wheatgrass, foothills rough fescue, or Idaho fescue usually domi-
nate the herbaceous layer. Foothills rough fescue and Idaho fescue are better adapted
to mesic sites, and bluebunch wheatgrass better-suited to drier sites. Other common
grasses include Columbia needlegrass, mountain brome, prairie junegrass, Sandberg
bluegrass, and slender wheatgrass. Forbs are more abundant in montane sagebrush
steppe than in lower elevation sagebrush steppe. Agoseris, buckwheat, balsamroot,
cinquefoil, fleabane, hawksbeard, Indian paintbrush, lupine, and western yarrow are
conspicuous forbs (Mueggler and Stewart 1980).

Historical records indicate that fires set by Native Americans and lightning
occurred in the montane sagebrush steppe. However, evidence varies on how often
fires occurred, with fire interval estimates ranging from 15 to 50 years or more
(Welch and Criddle 2003; Moffet et al. 2015). Post-settlement fire suppression has
increased sagebrush density and canopy cover, decreased herbaceous productivity,
and decreased plant species diversity, especially forbs. Threetip sagebrush, snow-
field sagebrush, and mountain silver sagebrush resprout after fire but mountain big
sagebrush is easily killed by fire. However, after fire, mountain big sagebrush can
reestablish readily from seed, which enables sagebrush to recover from fire much
more quickly in montane sagebrush steppe than in lower elevation sagebrush areas in
the Columbia Plateau, Colorado Plateau, Great Basin, and Wyoming Basins (Innes
and Zouhar 2018).
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2.3.2.8 Ponderosa Pine Savanna

Ponderosa pine savanna occurs throughout the mountains of the western US and
in northern mixed-grass prairie (Figs. 2.2 and 2.3; Franklin and Dyrness 1973;
Peet 2000). In the Sierra Nevada Mountains, Jeffrey pine forms savannas similar
to those of ponderosa pine in the Rocky Mountains. Ponderosa pine savanna gener-
ally occurs in drier environments and is the climax tree species. Annual precipita-
tion in the ponderosa pine savanna ecoregion averages 280—760 mm. From north
to south, winter precipitation decreases and summer precipitation increases. Older
ponderosa pine trees have thick bark that helps them tolerate surface fires that histor-
ically occurred every 5-30 years. Without fire or other disturbance, tree density
increases rapidly and park-like savannas can become “dog-hair thickets” (Covington
et al. 1997). Increased tree canopy cover, coupled with increased duff on the soil
surface, reduces understory productivity. In the southern portion of ponderosa pine
savanna, Arizona fescue, pine dropseed, muhly, muttongrass, and New Mexico feath-
ergrass are the most common understory perennial grasses. Black dropseed, blue
grama, Kentucky bluegrass, and threeawns increase with increased grazing pressure
(Milchunas 2006; Strahan et al. 2015). In northern ponderosa pine savanna, impor-
tant grasses include bluebunch wheatgrass, Idaho fescue, little bluestem, pinegrass,
sedge, sideoats grama, and Thurber fescue. Understory shrub associates in northern
ponderosa pine savanna include antelope bitterbrush, Bolander silver sagebrush,
chokecherry, low sagebrush, mountain big sagebrush, mountain silver sagebrush,
serviceberry, and Wyoming big sagebrush (Skovlin et al. 1975; Graham and Jain
2005).

2.3.2.9 Montane and Subalpine Meadow

Montane and subalpine meadows (hereafter mountain meadows) occur on nearly
level, high-elevation, low-lying terrain in the Rocky Mountains, Cascade Moun-
tains, and Sierra Nevada Mountains (Fig. 2.3; Franklin and Dyrness 1973; Barbour
and Minnich 2000; Peet 2000). Soil substrates are alluvium, colluvium, or glacial
outwash. Mountain meadows vary in size from one to several hundred hectares,
adjoined in the montane zone by lodgepole pine or Douglas-fir forest. Subalpine
meadows are commonly associated with subalpine fir or spruce forest.

Mountain meadow vegetation is a diverse mixture of grasses, sedges, rushes, and
forbs. Shrubs are usually absent, although adjacent willow communities may occur
along streams. Mountain big sagebrush, shrubby cinquefoil, or snowfield sagebrush
may be present along drier meadow margins. Mean annual precipitation varies from
500 to 1250 mm. Mountain meadows are often categorized into three types based on
soil moisture regime: wet meadows, moist meadows, and dry meadows (Hall 1973).
Wet meadows remain wet at or near the soil surface throughout the growing season.
Moist meadows have freely available water within the rooting zone throughout the
growing season, but the soil surface is dry by late summer. Dry meadows are moist to
wet in spring and early summer, but the soil surface is moderately to severely dry by
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mid-summer. Elephanthead lousewort, rushes, sedges, and tall mountain shootingstar
characterize wet meadows. Alpine timothy, cinquefoil, groundsel, sedge, and tufted
hairgrass occur in moist meadows. Dry meadows are often dominated by bluejoint
reedgrass, Idaho fescue, sedge, timber oatgrass, thickstem aster, and western yarrow
(Ratliff 1985; Mosley et al. 1989).

Conifers have encroached into many mountain meadows during the past 150 years.
No single causal agent is responsible. Jakubos and Romme (1993) suggest that
warmer and wetter conditions from the late 1800s to mid-twentieth Century aided
conifer expansion, particularly into dry meadows. Pocket gopher (Family Geomy-
oidae) activity and grazing by wild and domestic ungulates can also promote conifer
seedling establishment by reducing vegetative cover and exposing bare mineral soil.
Heavy cattle and sheep grazing in the late 1800s and early 1900s prevented many
seedlings from surviving, but reduced stocking rates and fire suppression beginning
in the 1920s allowed surviving seedlings to grow into trees (Ratliff 1985; Taylor
1990). Conifer expansion also is affected by weather. In mesic and wet meadows
where soil moisture inhibits conifers in most years, drought decreases soil moisture
and herbaceous competition, thereby benefiting tree seedling establishment (Butler
1986). In dry meadows, conifer recruitment benefits when wet years immediately
follow years with favorable conifer seed production (Dyer and Moffett 1999).

2.3.2.10 Alpine Tundra

Alpine tundra occurs from Canada to Mexico on snowcapped peaks, cliffs, rocky
slopes, plateaus, and in glaciated valleys. Annual precipitation ranges from 750 mm
at 55 degrees north latitude in west-central Alberta (elevation 500 m; Janz and Storr
1977) to 2250 mm at 25 degrees north latitude in central Mexico (elevation 3800 m;
Beaman and Andersen 1966; Ramirez-Amezcua et al. 2016). Plant growth is limited
because of the cold temperatures, short growing seasons, and winds associated with
high elevations. Annual plants are rare. Trees can only survive where they are shel-
tered by rock formations or snow cover. Where trees do occur they have a stunted,
twisted growth form referred to as Krumholtz. Forbs, grasses, and shrubs avoid
desiccation and damage from cold and wind by growing close to the ground and
maintaining little living plant material aboveground during winter (Billings 2000;
Litaor et al. 2008).

Alpine bluegrass, alpine fescue, Cusick’s bluegrass, and purple reedgrass are often
abundant. Other common plant species include cinquefoil, Lewis’ flax, mountain
sorrel, rush, sedge, Townsend daisy, whitlowgrass, and woodrush. Alpine avens is
common in alpine tundra of the Rocky Mountains but does not occur in the Sierra
Nevada Mountains (Fowler et al. 2014; Rundel 2011).
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2.3.3 Rangeland Regions Receiving Precipitation as Summer
Rain

Low-elevation rangelands occurring from southern Nevada and eastern California
to western Texas and northern Mexico are termed warm deserts because they are
warmer and drier than the cold deserts to the north (i.e., salt desert shrub, Great
Basin sagebrush, and lower elevation sagebrush steppe). Three warm deserts are
recognized—Chihuahuan, Mojave, and Sonoran—due to differences in topography,
climate, and vegetation. The harsh environment of the warm deserts is largely due
to their location near the 30th parallel north where descending air creates hot and
dry conditions. The warm deserts are also in rain shadows of surrounding mountains
(MacMahon 2000).

Mean annual precipitation varies from 80 mm at low elevations of the Mojave
Desert and Sonoran Desert to 380 mm in the eastern portion of the Chihuahuan Desert
where elevation is greater. Summer monsoon precipitation is important in all three
deserts but the proportion of summer to winter precipitation varies among the three
warm deserts. The Mojave Desert receives 65—75% of its annual precipitation during
winter. The Arizona and California portions of the Sonoran Desert have a bimodal
precipitation pattern, receiving 50-60% of annual precipitation during winter. A
greater proportion of total precipitation is received during summer in the Mexican
portion of the Sonoran Desert. Precipitation is greater in the eastern Sonoran Desert
due to increased elevation and orographic lifting which results in more summer
thunderstorms. In the Chihuahuan Desert, peak precipitation occurs during summer
(Adams and Comrie 1997; Sheppard et al. 2002).

Soils throughout the three warm deserts are shallow and alkaline, with subsoil
petrocalcic layers often present (Duniway et al. 2007; Stefanov and Green 2013).
Creosotebush is one of the few plant species that is widely distributed in all three
warm deserts, growing on soils that are coarse, well-drained, alkaline, non-saline
and often underlain by a petrocalcic layer. Creosotebush most commonly associates
with tarbush in the Chihuahuan Desert, with triangle bursage in the eastern Sonoran
Desert, and with burrobush in the Mojave Desert and western part of the Sonoran
Desert (MacMahon 2000; Schafer et al. 2012).

2.3.3.1 Chihuahuan Desert

The Chihuahuan Desert occupies southern New Mexico, southwestern Texas, and
northern Mexico between the Sierra Madre Oriental and Occidental Mountains
(Fig. 2.3). Both desert scrub and desert grassland occur in the Chihuahuan Desert.
Desert scrub varies from low-diversity, creosotebush-dominated plant communities
on gently sloping plains, to more diverse shrub communities on upland rocky bajadas
(i.e., alluvial fans that extend from mountain foothills). Important desert scrub plants
include honey mesquite, tarbush, ocotillo, crown of thorns, agave, Spanish-bayonet,
and many cacti of varied genera (Brown 1982a; Alvarez et al. 2011).
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Desert grasslands are widespread throughout the Chihuahuan Desert, occurring
on flat lowlands where soils are more developed and annual precipitation is greater
than desert scrub areas. Grama grasses are prevalent, with black grama dominant
on sandy loam uplands. Alkali sacaton and tobosagrass dominate areas with clay
soils. Dropseeds and threeawns are widespread (Brown 1982b). Creosotebush, honey
mesquite, tarbush, and yuccas increased in density in Chihuahuan Desert grassland
after large numbers of domestic livestock were introduced into the ecoregion in the
late 1800s (Gibbens et al. 1992). Fire suppression also enabled woody plants to
increase (Drewa and Havstad 2001), resulting in less herbaceous cover and more soil
erosion (Dinerstein et al. 2000).

2.3.3.2 Sonoran Desert

The Sonoran Desert occurs in southwestern Arizona, southeastern California, and
in northern Mexico (Fig. 2.3). Vegetation on upper bajadas includes saguaro cactus,
paloverde, ocotillo, desert ironwood, barrel-shaped cactus, prickly pear cactus, cholla
cactus, creosotebush, and triangle bursage. Western honey mesquite occupies drier
sites whereas honey mesquite grows on the most favorable upland sites. Velvet
mesquite occupies riparian areas. Arizona cottontop and grama grasses (e.g., black
grama, blue grama, Rothrock grama, sideoats grama, and slender grama) are abundant
on lower slopes (MacMahon 2000; Medeiros and Drezner 2012). Broad, flat valleys
are dominated by creosotebush, brittlebush, and burrobush. In Mexico, saguaro cactus
is replaced with Mexican giant cardon. Invasive annual cool-season grasses such as
Arabian schismus, Mediterranean grass, and red brome have invaded the Sonoran
Desert (Evens et al. 2007; Steers and Allen 2012). Buffelgrass and Lehmann love-
grass, both non-native perennial grasses, also have become invasive (Van Devender
et al. 1997; Brenner 2010).

2.3.3.3 Mojave Desert

The Mojave Desert is located in southern Nevada, southeastern California, north-
eastern Arizona, and southwestern Utah (Fig. 2.3). In addition to creosotebush,
important plant communities in the Mojave Desert are characterized by black-
brush, burrobush, or Joshua tree. Blackbrush communities in the northern portion
of the Mojave Desert are the transition zone to the Great Basin, occupying upland
terraces, ridges, open plains, and alluvial slopes (Bowns 1973; Brooks and Matchett
2003). Joshua trees are most abundant in the southern portion of the Mojave Desert.
Burrobush-dominated communities, in association with creosotebush, Mojave buck-
wheat, and Mormon tea, are prevalent in eastern portions of the Mojave Desert. Big
galleta, bush muhly, desert needlegrass, galleta, and Indian ricegrass are noteworthy
native perennial grasses in the Mojave Desert (Rasmuson et al. 1994; Sirchia et al.
2018). Arabian schismus, cheatgrass, Mediterranean grass, and red brome are non-
native annual grasses that have invaded the Mojave Desert. Filaree, a non-native
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cool-season forb, also has invaded much of the Mojave Desert (Brooks and Matchett
2003; Underwood et al. 2019).

2.3.3.4 Interior Chaparral

Interior chaparral occurs almost entirely in central Arizona in the foothills bordering
the Sonoran Desert on the north and the Mojave Desert on the east (Fig. 2.3). Average
annual precipitation ranges from 380 to 640 mm (Cable 1975; Carmichael et al. 1978)
with about half occurring during the summer. Shrub live oak comprises 25-80% of
the total shrub cover on most sites. Associated shrubs include buckthorn, desert
ceanothus, fragrant sumac, and manzanita (Pase and Brown 1982; Vankat 2013b).
Important grasses, now largely confined to rocky, protected sites because of historical
livestock grazing practices, include blue grama, black grama, cane bluestem, deer-
grass, and threeawns. Forbs are not abundant except for brief periods after fire. Non-
native grasses, including buffelgrass, Lehmann lovegrass, red brome, and weeping
lovegrass have invaded interior chaparral (Carmichael et al. 1978; Vankat 2013b).

2.3.3.5 Southwestern Oak Woodland

The northern portion of southwestern oak woodland is located in the Apache High-
lands of southeastern Arizona, southwestern New Mexico and northern Mexico,
bounded by the Sonoran Desert to the west and the Chihuahuan Desert to the east
(Fig. 2.3; McPherson 1992). The southern portion of the ecoregion is located in
the Sierra Madre Occidental Mountains of Mexico (Fig. 2.3), where southwestern
oak woodland forms expansive savannas. Precipitation is distributed evenly between
early spring and mid-to-late summer, averaging 350-600 mm annually. Emory oak is
widespread in oak woodland in Arizona and New Mexico. In northern Mexico, Emory
oak associates with Arizona white oak, Mexican blue oak, and several species of
juniper. Further south in Mexico, Emory oak associates with Chihuahuan oak. Herba-
ceous understories are dominated by warm-season perennial grasses, including blue
grama, hairy grama, sideoats grama, slender grama, bullgrass, common wolfstail,
green sprangletop, and threeawns. Annual forbs emerge briefly each year coincident
with early spring rains and again with summer rains. Non-native plants are rarely
present in this ecoregion (McClaran and McPherson 1999; Ffolliott et al. 2008).

Appendix

See Table 2.2.
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Table 2.2 Common and scientific names of plants referenced in this chapter, rangeland ecoregions
of western North America

Common name Scientific name Growth form | Longevity | Origin Comment
Agave Agave spp. Succulent Perennial | Native
Agoseris or false Agoseris spp. Forb Perennial | Native
dandelion
Algerita Mabhonia trifoliolata | Shrub Perennial | Native
Alligator juniper Juniperus deppeana | Shrub/tree Perennial | Native
Alkali sacaton Sporobolus airoides | Grass/C4 Perennial | Native
Alpine avens Geum rossii Forb Perennial | Native
Subalpine big Artemisia Shrub Perennial | Native
sagebrush spiciformis
Alpine bluegrass Poa alpina Grass/C3 Perennial | Native
Alpine fescue Festuca Grass/C3 Perennial | Native
brachyphylla
Alpine timothy Phleum alpinum Grass/C3 Perennial | Native
Antelope bitterbrush | Purshia tridentata Shrub Perennial | Native
Arabian schismus Schismus arabicus Grass/C3 Annual Introduced | Invasive
Arizona cottontop | Digitaria californica | Grass/C4 Perennial | Native
Arizona fescue Festuca arizonica Grass/C3 Perennial | Native
Arizona white oak | Quercus arizonica Tree Perennial | Native
Ashe juniper Juniperus ashei Shrub Perennial | Native Invasive
Aspen Populus tremuloides | Tree Perennial | Native
Balsam poplar Populus balsamifera | Tree Perennial | Native
Balsamroot Balsamorhiza spp. | Forb Perennial | Native
Barrel-shaped Ferocactus spp. Succulent Perennial | Native
cactus
Basin big sagebrush | Artemisia tridentata | Shrub Perennial | Native
ssp. tridentata
Basin wildrye Leymus cinereus Grass/C3 Perennial | Native
Beardtongue or Penstemon spp. Forb Perennial | Native
penstemon
Berlandier’s Lycium berlandieri | Shrub Perennial | Native
wolfberry
Bermudagrass Cynodon dactylon Grass/C4 Perennial | Introduced | Seeded/
Invasive
Big bluestem Andropogon gerardii | Grass/C4 Perennial | Native
Big galleta Hilaria rigida Grass/C4 Perennial | Native
Big sagebrush Artemisia tridentata | Shrub Perennial | Native
Bigtooth maple Acer Shrub/tree Perennial | Native
grandidentatum

(continued)
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Table 2.2 (continued)
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Common name Scientific name Growth form | Longevity | Origin Comment
Blackbrush Coleogyne Shrub Perennial | Native
(Mojave) ramosissima
Blackbrush acacia | Vachellia rigidula = | Shrub Perennial | Native
(Tamaulipan Acacia rigidula
Thornscrub)
Black dropseed Sporobolus Grass/C4 Perennial | Native
interruptus
Black grama Bouteloua eriopoda | Grass/C4 Perennial | Native
Blackjack oak Quercus Shrub/tree Perennial | Native Invader
marilandica
Black sage Salvia mellifera Shrub Perennial | Native
Black sagebrush Artemisia nova Shrub Perennial | Native
Bluebunch Pseudoroegneria Grass/C3 Perennial | Native
wheatgrass spicata
Blue flax Linum perenne Forb Perennial | Native
Blue grama Bouteloua gracilis | Grass/C4 Perennial | Native
Bluegrasses Poa spp. Grass/C3 Perennial | Native
Bluejoint reedgrass | Calamagrostis Grass/C3 Perennial | Native
canadensis
Blue oak Quercus douglasii Tree Perennial | Native
Bolander silver Artemisia cana ssp. | Shrub Perennial | Native
sagebrush bolanderi
Bottlebrush Elymus elymoides Grass/C3 Perennial | Native
squirreltail
Bristlegrass Seteria spp. Grass/C4 Perennial | Native
Brittlebush Encelia farinose Shrub Perennial | Native
Broom snakeweed | Gutierrezia Semi-shrub Perennial | Native Invader
sarothrae
Buckthorn Rhamnus spp. Shrub Perennial | Native
Buckwheat Eriogonum spp. Forb Perennial | Native
Buffalograss Bouteloua Grass/C4 Perennial | Native
dactyloides =
Buchloe dactyloides
Buffelgrass Cenchrus ciliaris = | Grass/C4 Perennial | Introduced | Seeded/
Pennisetum ciliare Invasive
Bulbous bluegrass | Poa bulbosa Grass/C3 Perennial | Introduced | Seeded/
Invasive
Bullgrass Muhlenbergia Grass/C4 Perennial | Native
emersleyi
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Table 2.2 (continued)
Common name Scientific name Growth form | Longevity | Origin Comment
Burclover Medicago Forb Annual Introduced | Invasive
polymorpha
Bur buttercup Ceratocephala Forb Annual Introduced | Invasive
testiculata
Burrobush or white | Ambrosia dumosa Shrub Perennial | Native
bursage
Bush muhly Muhlenbergia Grass/C4 Perennial | Native
porteri
California black oak | Quercus kelloggii Tree Perennial | Native
California foothill Pinus sabiniana Tree Perennial | Native
pine
California oatgrass | Danthonia Grass/C3 Perennial | Native
californica
California sycamore | Platanus racemosa | Tree Perennial | Native
Cane bluestem Bothriochloa Grass/C4 Perennial | Native
barbinodis
Catclaw acacia Senegalia greggii = | Shrub Perennial | Native
Acacia greggii
Caucasian bluestem | Bothriochloa bladhii | Grass/C4 Perennial | Introduced | Seeded/
Invasive
Ceanothus Ceanothus spp. Shrub Perennial | Native
Chamise Adenostoma Shrub Perennial | Native
fasciculatum
Cheatgrass Bromus tectorum Grass/C3 Annual Introduced | Invasive
Chihuahuan oak Quercus Tree Perennial | Native
chihuahuensis
Chokecherry Prunus virginiana Shrub Perennial | Native
Cholla cactus Cylindropuntia spp. | Succulent Perennial | Native
Cinquefoil Potentilla spp. Forb Perennial | Native
Coast live oak Quercus agrifolia Tree Perennial | Native
Columbia Achnatherum Grass/C3 Perennial | Native
needlegrass nelsonii
Common wolfstail | Lycurus phleoides Grass/C4 Perennial | Native
Creosotebush Larrea tridentata Shrub Perennial | Native
Crested wheatgrass | Agropyron cristatum | Grass/C3 Perennial | Introduced | Seeded/
Invasive
Crown of thorns Koeberlinia spinosa | Shrub Perennial | Native
Curl-leaf Cercocarpus Shrub Perennial | Native
mountain-mahogany | ledifolius
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Common name Scientific name Growth form | Longevity | Origin Comment
Curlymesquite Hilaria belangeri Grass/C4 Perennial | Native
Cusick’s bluegrass | Poa cusickii ssp. Grass/C3 Perennial | Native
epilis
Deergrass Muhlenbergia rigens | Grass/C4 Perennial | Native
Desert ceanothus Ceanothus greggii Shrub Perennial | Native
Desert ironwood Olneya tesota Shrub/tree Perennial | Native
Desert needlegrass | Pappostipa speciosa | Grass/C3 Perennial | Native
= Achnatherum
speciosum
Desert Stanleya pinnata Forb Perennial | Native
prince’s-plume
Douglas-fir Pseudotsuga Tree Perennial | Native
menziesii
Dropseeds Sporobolus spp. Grass/C4 Perennial | Native
Eastern red cedar Juniperus virginiana | Shrub/tree Perennial | Native Invasive
Elephanthead Pedicularis Forb Perennial | Native
lousewort groenlandica
Emory oak Quercus emoryi Tree Perennial | Native
Field brome Bromus arvensis Grass/C3 Annual Introduced | Invasive
Filaree or redstem | Erodium cicutarium | Forb Annual Introduced | Invasive
stork’s bill
Fleabane Erigeron spp. Forb Perennial | Native
Foothills rough Festuca campestris | Grass/C3 Perennial | Native
fescue
Fourwing saltbush | Atriplex canescens | Shrub Perennial | Native
Fragrant sumac or | Rhus aromatica Shrub Perennial | Native
skunkbush sumac
Galleta Hilaria jamesii Grass/C4 Perennial | Native
Gambel oak Quercus gambelii Shrub/tree Perennial | Native
Gardner’s saltbush | Atriplex gardneri Shrub Perennial | Native
var. gardneri
Geranium Geranium spp. Forb Perennial | Native
Globemallow Sphaeralcea spp. Forb Perennial | Native
Goldenrod Solidago spp. Forb Perennial | Native
Greasewood Sarcobatus Shrub Perennial | Native
vermiculatus
Green needlegrass | Nassella viridula Grass/C3 Perennial | Native
Green sprangletop | Leptochloa dubia Grass/C4 Perennial | Native
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Table 2.2 (continued)
Common name Scientific name Growth form | Longevity | Origin Comment
Groundsel or Senecio spp. Forb Perennial | Native
butterweed
Guajillo acacia Senegalia Shrub Perennial | Native
berlandieri =
Acacia berlandieri
Hairy grama Bouteloua hirsuta Grass/C4 Perennial | Native
Halogeton Halogeton Forb Annual Introduced | Invasive
glomeratus
Hawksbeard Crepis spp. Forb
Honey mesquite Prosopis glandulosa | Shrub Perennial | Native Invasive
var. glandulosa
Hooded Chloris cucullata Grass/C4 Perennial | Native
windmillgrass
Horsebrush Tetradymia spp. Shrub Perennial | Native
Idaho fescue Festuca idahoensis | Grass/C3 Perennial | Native
Indiangrass Sorghastrum nutans | Grass/C4 Perennial | Native
Indian paintbrush Castilleja spp. Forb Perennial | Native
Indian ricegrass Achnatherum Grass/C3 Perennial | Native
hymenoides
Jeftrey pine Pinus jeffreyi Tree Perennial | Native
Joshua tree Yucca brevifolia Succulent Perennial | Native
Juniper Juniperus spp. Shrub/tree Perennial | Native
Kentucky bluegrass | Poa pratensis Grass/C3 Perennial | Introduced | Invasive
Knapweeds Centaurea spp. Forb Perennial | Introduced | Invasive
Leafy spurge Euphorbia esula Forb Perennial | Introduced | Invasive
Lehmann lovegrass | Eragrostis Grass/C4 Perennial | Introduced | Seeded/
lehmanniana Invasive
Lewis’ flax Linum lewisii Forb Perennial | Native
Limber pine Pinus flexilis Tree Perennial | Native
Little bluestem Schizachyrium Grass/C4 Perennial | Native
scoparium
Lodgepole pine Pinus contorta Tree Perennial | Native
Longbeak stork’s Erodium botrys Forb Annual Introduced | Invasive
bill
Lotebush Ziziphus obtusifolia | Shrub Perennial | Native
Lovegrasses Eragrostis spp. Grass/C4 Perennial/ | Native/
Annual Introduced
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Common name Scientific name Growth form | Longevity | Origin Comment
Low sagebrush Artemisia arbuscula | Shrub Perennial | Native
ssp. arbuscula
Lupine Lupinus spp. Forb Perennial | Native
Manzanita Arctostaphylos spp. | Shrub Perennial | Native
Mat saltbush Atriplex corrugata | Shrub Perennial | Native
Mediterranean grass | Schismus barbatus | Grass/C3 Annual Introduced | Invasive
Medusahead Taeniatherum Grass/C3 Annual Introduced | Invasive
caput-medusae
Mexican blue oak Quercus Tree Perennial | Native
oblongifolia
Mexican giant Pachycereus pringlei | Succulent Perennial | Native
cardén
Mexican cliffrose Purshia mexicana Shrub Perennial | Native
Mexican pifion Pinus cembroides Shrub/tree Perennial | Native
Mojave buckwheat | Eriogonum Shrub Perennial | Native
fasciculatum
Mormon tea Ephedra spp. Shrub Perennial | Native
Mountain big Artemisia tridentata | Shrub Perennial | Native
sagebrush Ssp. vaseyana
Mountain brome Bromus carinatus Grass/C3 Perennial | Native
Mountain silver Artemisia cana ssp. | Shrub Perennial | Native
sagebrush viscidula
Mountain Symphoricarpos Shrub Perennial | Native
snowberry oreophilus
Mountain sorrel Oxyria digyna Forb Perennial | Native
Muhly Muhlenbergia spp. | Grass/C4 Perennial | Native
Mule’s ear wyethia | Wyethia Forb Perennial | Native
amplexicaulis
Multiflowered false | Trichloris pluriflora | Grass/C4 Perennial | Native
rhodesgrass
Mustards Brassica spp. Forb Perennial/ | Native/ May be
Annual Introduced | invasive
Muttongrass Poa fendleriana Grass/C3 Perennial | Native
Narrowleaf Ericameria Forb Perennial | Native
goldenbush linearifolia
Needle and thread | Hesperostipa comata | Grass/C3 Perennial | Native
Needlegrass Achnatherum spp. Grass/C3 Perennial | Native
New Mexico Hesperostipa Grass/C3 Perennial | Native
feathergrass neomexicana
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Table 2.2 (continued)
Common name Scientific name Growth form | Longevity | Origin Comment
Nodding Nassella cernua Grass/C3 Perennial | Native
needlegrass
Oak Quercus spp. Shrub/tree Perennial | Native
Ocotillo Fouquieria Semi-succulent | Perennial | Native
splendens
Oneseed juniper Juniperus Shrub/tree Perennial | Native
monosperma
Orchardgrass Dactylis glomerata | Grass/C3 Perennial | Introduced | Seeded/
invasive
Paloverde Parkinsonia spp. Shrub/tree Perennial | Native
Parry oatgrass Danthonia parryi Grass/C3 Perennial | Native
Pepperweed Lepidium spp. Forb Annual Introduced | Invasive
Pine dropseed Blepharoneuron Grass/C4 Perennial | Native
tricholepis
Pinegrass Calamagrostis Grass/C3 Perennial | Native
rubescens
Pink pappusgrass Pappophorum Grass/C4 Perennial | Native
bicolor
Pifion pine Pinus spp. Shrub/tree Perennial | Native
Plains rough fescue | Festuca hallii Grass/C3 Perennial | Native
Plains silver Artemisia cana ssp. | Shrub Perennial | Native
sagebrush cana
Ponderosa pine Pinus ponderosa Tree Perennial | Native
Porcupine grass Hesperostipa Grass/C3 Perennial | Native
spartea
Post oak Quercus stellata Tree Perennial | Native Invasive
Prairie junegrass Koeleria macrantha | Grass/C3 Perennial | Native
Prairie sagewort Artemisia frigida Semi-shrub Perennial | Native
Prickly pear cactus | Opuntia spp. Succulent Perennial | Native
Purple needlegrass | Nassella pulchra Grass/C3 Perennial | Native
Purple reedgrass Calamagrostis Grass/C3 Perennial | Native
purpurascens
Purple threeawn Aristida purpurea Grass/C4 Perennial | Native
Redberry juniper Juniperus Shrub/tree Perennial | Native
(Arizona) coahuilensis
Redberry juniper Juniperus pinchotii | Shrub/tree Perennial | Native Invasive
(Texas)
Red brome Bromus rubens Grass/C3 Annual Introduced | Invasive
Red grama Bouteloua trifida Grass/C4 Perennial | Native
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Common name Scientific name Growth form | Longevity | Origin Comment
Ripgut brome Bromus diandrus Grass/C3 Annual Introduced | Invasive
Rocky Mountain Juniperus Shrub/tree Perennial | Native
juniper scopulorum
Rothrock grama Bouteloua rothrockii | Grass/C4 Perennial | Native
Rubber rabbitbrush | Ericameria Shrub Perennial | Native Invasive
nauseosa
Rush Juncus spp. Grass-like Perennial | Native
Russian thistle Salsola spp. Forb Annual Introduced | Invasive
Saguaro cactus Carnegiea gigantea | Succulent Perennial | Native
Sandberg bluegrass | Poa secunda Grass/C3 Perennial | Native
Sand dropseed Sporobolus Grass/C4 Perennial | Native
cryptandrus
Sand sagebrush Artemisia filifolia Shrub Perennial | Native
Sand shinnery oak | Quercus havardii Shrub Perennial | Native
Scarlet globemallow | Sphaeralcea Forb Perennial | Native
coccinea
Scrub oak Quercus Shrub Perennial | Native
berberidifolia
Sedge Carex spp. Grass-like Perennial | Native
Sericea lespedeza Lespedeza cuneata | Forb Perennial | Introduced | Seeded/
Invasive
Serviceberry Amelanchier spp. Shrub Perennial | Native
Shadscale Atriplex confertifolia | Shrub Perennial | Native
Shrub live oak Quercus turbinella | Shrub Perennial | Native
Shrubby cinquefoil | Dasiphora fruticosa | Shrub Perennial | Native
Shrubby prairie rose | Rosa arkansana Shrub Perennial | Native
Sideoats grama Bouteloua Grass/C4 Perennial | Native
curtipendula
Silver bluestem Bothriochloa Grass/C4 Perennial | Native
laguroides
Silver buffaloberry | Shepherdia argentea | Shrub Perennial | Native
Singleleaf pifion Pinus monophylla Shrub/tree Perennial | Native
Slender grama Bouteloua repens Grass/C4 Perennial | Native
Slender wheatgrass | Elymus trachycaulus | Grass/C3 Perennial | Native
Slender wild oats Avena barbata Grass/C3 Annual Introduced
Smooth bromegrass | Bromus inermis Grass/C3 Perennial | Introduced | Seeded/
Invasive
Snowberry Symphoricarpos spp. | Shrub Perennial | Native
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Table 2.2 (continued)
Common name Scientific name Growth form | Longevity | Origin Comment
Snowfield sagebrush | Artemisia Shrub Perennial | Native
spiciformis
Soft chess Bromus hordeaceus | Grass/C3 Annual Introduced | Invasive
Spanish-bayonet Yucca harrimaniae | Succulent Perennial | Native
Spiny hackberry or | Celtis ehrenbergiana | Shrub/tree Perennial | Native
granjeno = C. pallida
Spotted knapweed | Centaurea stoebe Forb Perennial | Introduced | Invasive
Spruce Picea spp. Tree Perennial | Native
Subalpine fir Abies lasiocarpa Tree Perennial | Native
Sulphur cinquefoil | Potentilla recta Forb Perennial | Introduced | Invasive
Sumac Rhus spp. Shrub Perennial | Native
Sun sedge Carex inops ssp. Grass-like Perennial | Native
heliophila
Switchgrass Panicum virgatum Grass/C4 Perennial | Native
Tall mountain Primula jeffreyi Forb Perennial | Native
shootingstar
Tanglehead Heteropogon Grass/C4 Perennial | Native Invasive
contortus
Tarbush Flourensia cernua Shrub Perennial | Native
Texas grama Bouteloua rigidiseta | Grass/C4 Perennial | Native
Texas live oak Quercus fusiformis | Tree Perennial | Native
Texas persimmon Diospyros texana Shrub/tree Perennial | Native
Texas wintergrass Nassella leucotricha | Grass/C3 Perennial | Native
Thickstem aster Eurybia integrifolia | Forb Perennial | Native
Thin paspalum Paspalum setaceum | Grass/C4 Perennial | Native
Thistle Carduus spp., Forb Perennial | Native/ Invasive
Centaurea spp., and Introduced
Cirsium spp.
Threeawns Aristida spp. Grass/C4 Perennial | Native
Threetip sagebrush | Artemisia tripartita | Shrub Perennial | Native
Thurber fescue Festuca thurberi Grass/C3 Perennial | Native
Thurber needlegrass | Achnatherum Grass/C3 Perennial | Native
thurberianum
Timber oatgrass Danthonia Grass/C3 Perennial | Native
intermedia
Timothy Phleum pratense Grass/C3 Perennial | Introduced | Seeded/
Invasive
Tobosagrass Hilaria mutica Grass/C4 Perennial | Native
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Common name Scientific name Growth form | Longevity | Origin Comment
Townsend daisy Townsendia leptotes | Forb Perennial | Native
Triangle bursage Ambrosia deltoidea | Shrub Perennial | Native
True Cercocarpus Shrub Perennial | Native
mountain-mahogany | montanus
Tufted hairgrass Deschampsia Grass/C3 Perennial | Native
cespitosa
Two-needle pifion Pinus edulis Shrub/tree Perennial | Native
Utah juniper Juniperus Shrub/tree Perennial | Native Invasive
osteosperma
Valley oak Quercus lobata Tree Perennial | Native
Velvet mesquite Prosopis velutina Shrub/tree Perennial | Native
Ventenata Ventenata dubia Grass/C3 Annual Introduced | Invasive
Walnut Juglans spp. Tree Perennial | Native
Weeping lovegrass | Eragrostis curvula | Grass/C4 Perennial | Introduced | Seeded/
Invasive
Western honey Prosopis glandulosa | Shrub/tree Perennial | Native Invasive
mesquite var. torreyana
Western meadowrue | Thalictrum Forb Perennial | Native
occidentale
Western juniper Juniperus Shrub/tree Perennial | Native Invasive
occidentalis
Western yarrow Achillea millefolium | Forb Perennial | Native
Western wheatgrass | Pascopyrum smithii | Grass/C3 Perennial | Native
White tridens Tridens albescens Grass/C4 Perennial | Native
Whitlowgrass Draba spp. Forb Perennial | Native
Wild oat Avena fatua Grass/C3 Annual Introduced
Willow Salix spp. Shrub/tree Perennial | Native
Winterfat Krascheninnikovia | Semi-shrub Perennial | Native
lanata
Wild rose Rosa spp. Shrub Perennial | Native
Wildryes and Elymus spp. and Grass/C3 Perennial | Native
wheatgrasses Leymus spp.
Woodrush Luzula spp. Grass-like Perennial | Native
Wyoming big Artemisia tridentata | Shrub Perennial | Native
sagebrush SSp. wyomingensis
Yellow bluestem Bothriochloa Grass/C4 Perennial | Introduced | Invasive
(King Ranch ischaemum
bluestem)
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Table 2.2 (continued)

Common name Scientific name Growth form | Longevity | Origin Comment

Yellow rabbitbrush | Chrysothamnus Shrub Perennial | Native Invasive
viscidiflorus

Yellow toadflax Linaria vulgaris Forb Perennial | Introduced | Invasive

Yucca Yucca spp. Succulent Perennial | Native

Source for common and scientific names is the Integrated Taxonomic Information System (ITIS;
https://www.itis.gov, National Museum of Natural History 2023). Warm-season (C4) and cool-season
(C3) photosynthetic pathways of grasses and CAM pathways for succulents are indicated under
growth form. Longevity and origin information is from a variety of sources. The comment column is
reserved to indicate plants that are generally considered invasive, although in some locations they may
not be invasive. Seeded/invasive refers to plants that were purposely introduced to North America
but have become invasive on some sites
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Chapter 3
A History of North American Rangelands | @i

Nathan F. Sayre

Abstract North America’s diverse grassland, savanna, steppe and desert ecosystems
evolved in the absence of domesticated livestock. The arrival of cattle, sheep, goats,
pigs and horses after 1492 transformed many ecosystems while enabling European
soldiers, missionaries and settlers to conquer the continent. The decimation of indige-
nous populations by warfare, disease and economic dependency further transformed
rangelands by removing Native management practices, especially the use of fire.
The history of rangelands since then has been one of recursive efforts to commodify
and territorialize rangeland resources—including wildlife, grass, soil fertility and
the land itself—for market production and exchange. Many former rangelands have
been lost altogether, by conversion to forest cover (due to fire suppression) or to
agricultural uses (especially in the Great Plains), and invasive exotic plant species
have radically altered large areas of rangelands in California, the Great Basin, and
other regions. Nonetheless, North American rangelands remain both vast and invalu-
able for wildlife. The Western Range system of public land grazing leases, which
emerged from the devastating overgrazing of the late nineteenth century, succeeded
in stabilizing range conditions and linking land use and management across large
landscapes of mixed ownerships. With accelerating urbanization, the rise of environ-
mentalism, and structural shifts in the livestock industry since World War II, however,
the Western Range has begun to unravel, exposing rangelands to development and
fragmentation. Climatic variability in the form of droughts, floods and extreme fire
conditions, more so than aridity per se, has frustrated efforts to extract value from
rangelands from the outset, and climate change promises to amplify these phenomena
going forward.
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3.1 Introduction: Rangelands and History

A comprehensive history of North America’s rangelands has yet to be written. The
volumes that come closest are probably Sherow’s (2007) Grasslands of the United
States (although it omits California and the Southeast) and The Western Range, also
known as Senate Document No. 199, which was a 620-page “letter” from the Secre-
tary of Agriculture published in 1936. It was replete with facts, including historical
facts for the period since about 1800, but it was motivated by a pitched bureaucratic
rivalry between the Agriculture and Interior Departments (see Sect. 3.6), and it is
by now quite dated. Historians generally organize their research by place or region
rather than land type, and they may omit environmental issues altogether, while the
vibrant sub-field of environmental history has rarely made rangelands a particular
focus. Sociologists and political scientists have studied the political-bureaucratic
dimensions of federal rangeland administration, and more humanistic or interdisci-
plinary scholars have explored rangeland conservation in relation to cultural identity
and community values, but history is not prominent in these works. Textbooks in
range science often include one or two historical chapters, but these usually focus
on disciplinary or industry matters rather than the lands themselves. Finally, geog-
raphers have written historical accounts of range livestock production, and there are
scores of monographs on the history of ranches and range livestock production in
specific regions.

A proper history of rangelands involves more than assembling facts from this
corpus of existing scholarship, however. The concept of rangelands itself must be
examined and elaborated for analytically coherent historiographic use. Although
rangeland is now typically defined trans-historically as a set of land types based
primarily on vegetation and cover (see Chap. 2), range has a history that is concep-
tually, ecologically and politically significant (Sayre 2017). Etymologically, range
dates to the late fifteenth century (immediately prior to European expansion) and
derives from the Old French verb renger, which referred to the movement of herders
and livestock across large, open areas. Some scholars still define rangelands this way,
for example as “land where people have intervened to manage the vegetation with
livestock for economic gain” (Menke and Bradford 1992). Insofar as pre-Columbian
North America lacked domesticated livestock, application of the term range before
the early 1500s could be considered anachronistic (Bowling 1942; Crosby 1986).
This is not simply of academic or terminological importance, moreover, because the
arrival of cattle, sheep, goats, horses and other livestock was transformational. Their
activities triggered widespread changes in ecosystems, as we will see, but the full
effects went much further. Richard White (1994, p. 238) is not alone in his view
that, “Without domesticated animals, Europeans would have neither survived nor
conquered” in the New World. Livestock performed work on several levels, enabling
activities as diverse as cultivation, transport and warfare as well as representing ideals
of civilization, property and land use (Seed 1995; Anderson 2004). This breadth of
roles and capacities made range livestock production “the principal means whereby
Europeans colonized and exploited the natural resources of sub-Saharan Africa,
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Australia, North and South America” (Grice and Hodgkinson 2002, p. 2). In short,
by virtue of their intrinsic relation to livestock, rangelands are not simply sites of
historical events, or places with histories; they are inescapably implicated in the
conquest and settlement of North America by European- and African-descended
peoples.

Put another way, North American rangelands are not static biophysical or evolu-
tionary givens, but rather the product of intertwined social and ecological processes.
These processes continue to operate, moreover, both on rangeland ecosystems and
in how they are understood. Vegetation and land cover can change significantly over
time, and parts of North America that are not classified as rangelands today, would
once have met the current definition. In the Great Plains, for example, more than
96% of the tallgrass prairies and three-fifths of the mixed-grass prairies have been
plowed and replaced by croplands (Samson et al. 1998), removing them from range-
land status. Large areas of the northeastern and southeastern United States were
savannas at the time of European contact, but they gradually transformed into closed
canopy forests due to the removal of Native American fire management practices
(Mann 2005; Noss 2013). In sum, range and rangelands have become “a residual
category, comprising everything (other than ice-covered lands) that doesn’t fit into
more specific types such as forest, urban, or cropland... they might best be under-
stood as nonforested places where intensive economic activities have not (yet) taken
root” (Sayre 2017, pp. 2-3). A history of rangelands must encompass and account
for these losses.

This chapter presents a necessarily abbreviated history of North American range-
lands from the immediate pre-Columbian period to the present. The focus is on how
different groups of people have viewed, valued, used and altered these diverse lands,
and the factors that have driven and shaped these changes. I hope to shed light on how
and why North America’s rangelands are both vast and diminished, mythologized
and marginalized, contentious and misunderstood. On the one hand, the history of
rangelands has been a story of manifold losses—the conquest and dispossession of
Native Americans, the wholesale destruction of beaver, bison, wolves, grizzly bears,
pronghorn, elk, prairie dogs and other wildlife, widespread conversion to non-native
vegetation, and the disappearance of millions of hectares for agriculture, industry
and urban development. On the other hand, the rangelands that remain are nonethe-
less among the continent’s most ecologically intact landscapes: neither cultivated,
irrigated, paved over nor built up, they are put to human use and transformed thereby,
yet also relatively natural—working wilderness, so to speak (Sayre 2005). It should
be no surprise, then, that wildlife has been central throughout this history, whether
as subsistence resources, commercial products, agricultural pests or conservation
causes.

In a brilliant essay, Richard White (1994) approached the history of the American
West as a transformation from “animals as people” (as many Native Americans
understood them) to “animals as enterprise.” Expanding on many of White’s points,
I interpret this transformation as a series of efforts to commodify and territorialize
rangelands. Beginning with the first European expeditions, myriad public and private
entities have worked to identify, locate, map, exploit, control and regulate rangelands’
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diverse resources. Compared to other parts of the continent, however, rangelands have
often proved recalcitrant to these efforts, even down to the present day. Initially this
was due to Native American resistance, but a more lasting obstacle has been spatial
scale: the extent of rangelands is vast, and the costs of control and extraction are high
relative to most of the commodity values they yield (the exceptions being mining,
oil and gas). Many historians have emphasized aridity as the defining feature of
the American West (Webb 1931; Stegner 1954; Worster 1985). Equally important,
however, has been the variability of rangelands over space and time: the unpredictable
rainfall and droughts, fires and floods that attend rangelands from Mexico to Canada.
This variability, exacerbated by climate change, is likely to be a hallmark of North
American rangelands in the decades ahead.

3.2 The Late Indigenous Period

Beginning with mid-nineteenth century writers and artists such as Henry David
Thoreau, James Fenimore Cooper, Henry Wadsworth Longfellow and George Catlin,
the conventional wisdom for generations of scholars was that North America was
‘pristine,” ‘wild,” and ‘natural’ at the time of European contact (Denevan 1992). In
stark contrast to the humanly transformed landscapes of the Old World, the Americas
were thought to have been thinly populated by Native Americans, whose societies
had made little or no impact on the continents’ landscapes and ecosystems. This
view has by now been thoroughly debunked and replaced by a three-part thesis: (1)
Native peoples made widespread, significant and intentional impacts on American
ecosystems (Dobyns 1981, 1983; Cronon 1983); (2) infectious diseases introduced
by Europeans devastated Native populations, reducing their pre-contact numbers by
as much as 90% and curtailing their ecological impacts proportionately, often well in
advance of European peoples themselves (Crosby 1986); (3) Euro-Americans failed
to recognize these facts, preferring to imagine an empty continent free for the taking
and mistaking conditions circa 1750—when the total hemispheric population was
still only about 30% of what it had been in 1492—as original, normative and time-
less (Wolf 1982; Denevan 1992). The idea of America as untrammeled wilderness,
then, is not only empirically false but theoretically flawed and ethically bankrupt—a
self-serving delusion that legitimates settler colonialism and erases Native agency.
All three parts of the thesis are directly relevant to the history of today’s rangelands.

According to present scholarly understanding, Native Americans sustained many
rangelands by conscious and willful actions, especially involving the use of fire
(Stewart et al. 2002). Motivated primarily by subsistence needs, Native practices
included sophisticated habitat management strategies for both plants and wildlife,
as Anderson (2005, 2007) and Lightfoot and Parrish (2009) have shown in detail for
California’s diverse ecosystems. Writing about early colonial New England, Cronon
(1983, p. 52) ventured the idea that “the Indians were practicing a more distant kind
of husbandry of their own,” one that did not involve keeping livestock. “Rather than
domesticate animals for meat, Indians retooled ecosystems to encourage elk, deer,
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and bear. Constant burning of undergrowth increased the numbers of herbivores, the
predators that fed on them, and the people who ate them both” (Mann 2005, p. 282). At
a landscape scale, burning maintained a heterogeneous mosaic of habitat conditions
while reducing the risks of dangerous wildfires (Fuhlendorf et al. 2008; Chap. 6, this
volume). In specific locales, fire could favor desired plants for food or medicinal
purposes, eliminate or reduce insect pests, or enhance conditions for hunting or self-
defense; it could also serve as a means of hunting or warfare. In many settings,
repeated burning shifted the structure and composition of vegetation communities
away from trees and other woody plants and towards grasses and herbs. In this way,
Native burning opened up forests and expanded bison habitat eastward from present-
day Towa and Illinois to New York and Georgia (Mann 2005). Noss (2013) argues
that most of the longleaf pine forest of the southeastern coastal plains, from east
Texas and Louisiana to Florida and northward through the Carolinas, was likewise
maintained in savanna condition by repeated fires. Empirically and ecologically, it
can be difficult or impossible to disentangle people from lightning as ignition sources,
intentional from unintentional ignitions, or resource management from other motives
for burning; some scholars dispute the ubiquity of Native fire impacts in specific sub-
regions of the western U.S. (Vale 2002). But allocating causality between the two
poles of a nature/human binary may be beside the point. What matters is that both
human and biotic communities were adapted to frequent, widespread burning. This
may be especially true for rangelands, but it was not limited to them (Pyne 1982).

Stretching from Mexico to Canada, the Great Plains merit specific mention as
North America’s largest and most archetypical rangelands. Mann (2005, p. 282)
contends that “Native Americans burned the Great Plains and Midwest prairies so
much and so often that they increased their extent; in all probability, a substantial
portion of the giant grassland celebrated by cowboys was established and maintained
by the people who arrived there first.” Adapted to fire and grazing, native prairie
grasses sustained an estimated 20-30 million bison at the time of initial European
contact (Flores 2016a). Plains Indians developed religious and cultural systems as
well as livelihood skills and social practices that orbited around the enormous bison
herds. “Many Plains tribes, it seemed, thought of bison in human terms—they had
families and societies, opinions and memories” (Flores 2016a, p. 38). As the staple
food of northern Plains tribes, pemmican figured prominently in myths, origin stories
and rituals. Made from a complex mix of different bison fats, melted and poured into
sacks of pulverized dried bison meat, pemmican would count today as a kind of
miracle food: succulent, high in both fat and protein, and virtually non-perishable.
A mature bison yielded about ninety pounds of pemmican, or one large, brick-like
bag (itself made of bison hide); when consumed, pemmican provided some 3500 cal
per pound. Its invention in the northern Great Plains roughly 5-6000 years ago was
“a key moment in the cultural history of the region, as pemmican’s massive energy
stores and durability...encouraged longer-distance travel, warfare, the elaboration of
plains trade patterns and greater food security” (Colpitts 2015, p. 10).

Linda Black Elk (2016, p. 3) writes that rangelands “are central to the lives of
Indigenous peoples, and they have been so for millennia.” Native Americans, she
explains, approach the land in terms of ecological interrelatedness, or the belief that
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“we, as human beings, are related to everything and everyone—from huge cotton-
wood trees to the cool wind, and from barking prairie dogs to the fertile soil.” Native
peoples understood animals as “other-than-human persons with whom relationships
were social and religious instead of purely instrumental... Indian religions made
hunting holy and gave human-animal relations a depth and complexity largely lacking
among Europeans. In hunting, some persons died so that others might live” (White
1994, p. 237). This worldview stands in stark contrast to the market and profit orien-
tation that would infiltrate the Plains tribes and ultimately dispossess them over the
course of the nineteenth century (see Sect. 3.5 below). Notably, however, and unlike
much of the rest of North America, the dominant plants of the Great Plains were not
displaced by Old World species, even after the Native Americans who lived there
had been conquered and their management practices discontinued. Crosby (1986,
p- 290) observes that bison and perennial grasses “formed a tight partnership... each
sustaining and perpetuating the other and fending off the entry of any great number
of exotic plants and animals.” Cattle occupied the niche vacated by bison, and as
Hart and Hart (1997, p. 10) point out, “much of the Great Plains before European
settlement looked about like it looks now,” dominated by native perennial grasses
such as blue grama, buffalograss and galleta grass.

3.3 Fur Trading

The earliest sustained forays of Europeans into North America’s interior rangelands
were motivated by “frontier capitalism’s insatiable appetite for killing wild animals”
(Flores 20164, p. 35)—that is, the commercial gains to be had from animals whose
populations had in some cases erupted with the decline of Native American hunting
pressure. In what might be termed “accumulation by extermination,” hunters and
trappers pursued wildlife not for subsistence but for faraway markets, extracting just
those parts that could be economically transported and sold, often leaving much
of the carcass behind. Thus, did large portions of North America first encounter
market forces, amplified by stark differentials of power, trade and geography. In
many cases, fur trading incorporated Native Americans for their knowledge, skills
and labor (Dolin 2010). Russian, British and American traders pushed sea otters on
the Pacific coast to the brink of extinction between the 1780s and 1850, conscripting
Aleut and Kodiak men to do the work and shipping the pelts primarily to China.
Starting from the St. Lawrence Seaway and Great Lakes region, the northern beaver
trade spread west of the Missouri River under French control in the mid-eighteenth
century before passing into the hands of the British Hudson’s Bay Company after
the Seven Years’ War. Meanwhile, a mix of Anglo-, Franco- and Mexican—American
trappers worked the southern Rockies—often without the sanction of Spanish or
Mexican authorities—sending furs eastward along the Santa Fe Trail. As competition
between the Hudson’s Bay Company and the American Fur Company intensified in
the early 1800s, beavers disappeared entirely from large parts of their former range,
with untold effects on watersheds. The slaughter stopped more or less by accident
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in the 1830s, after European hat makers secured advantageous terms for Chinese
silk (a side effect of the opium trade) and beaver felt passed out of fashion, thereby
collapsing prices (White 1994).

The literature on the demise of the bison is too large to review here, but a brief
summary is warranted (White 1994; Isenberg 2000; Flores 2003, 2016a; Colpitts
2015; Cunfer and Waiser 2016). Market demand for bison hides—initially as robes
and subsequently as leather for industrial belts—drove the trade. A period of wetter
than normal conditions in the first two decades of the nineteenth century may have
helped expand the bison population, while the forced relocation of some 87,000
Native Americans from the Southeast to the southern Plains increased the regional
subsistence demand and the number of potential hunters. Before the railroad reached
the Great Plains, most of the hunting labor was provided by Native American men,
and Native women did virtually all of the work to process the hides into robes. Robes
soon became a primary source of cash income, the mechanism by which “nineteenth
century Native peoples all over the continent were snared into dependency by the
global economy” (Flores 2016a, p. 40). Roughly 100,000 robes were exported annu-
ally through New Orleans in the 1820s, and nearly that many again through Saint
Louis in the 1840s. “By 1840, commercial production had reached about ninety thou-
sand robes a year on the northern plains, and trade robes represented about 25% of
the total buffalo kill of the plains” (White 1994, p. 246). Drought conditions ensued,
peaking in the decade after 1855 and culling bison numbers by perhaps as much as
40-60%; bovine diseases introduced by cattle may have added to the mortality. With
the railroad came professional Anglo-American hunters, who took more than four
million bison from the southern Great Plains between 1872 and 1874, effectively
eliminating the herd there. In the northern plains, where pemmican was the fuel for
the Hudson’s Bay Company’s human-powered, waterborne transcontinental trade,
the company used its monopoly to drive down the price it paid for pemmican, dimin-
ishing the real income of northern plains tribes and thereby impelling them to kill
ever more bison, even as the herds dwindled (Colpitts 2015). By 1884, the northern
herd, too, had been all but exterminated.

In summary, the destruction of Native American peoples by disease, warfare,
dispossession and dependency had significant ecosystem effects across North
America, including its current and erstwhile rangelands. In Crosby’s (1986) famous
formulation, European conquest of the Americas was ecological imperialism,
empowered by Old World crops, weeds, livestock, rodents, insects and pathogens
to which neither Native Americans nor native American ecosystems were adapted.
Forests filled in as fires became less common, and some prey species of wildlife grew
more abundant, at least in the short term. As Mann (2005, p. 362) notes, “ecologists
and archaeologists increasingly agree that the destruction of Native Americans also
destroyed the ecosystems they managed... By 1800 the hemisphere was thick with
artificial wilderness.” The resulting bounty, perceived by many Anglo-Americans
as limitless, served as a windfall for colonists, market hunters and merchants, as
wildlife were converted en masse into commodities and shipped to urban centers
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around the world. “The nineteenth-century Great Plains was a slaughterhouse. In
the years from the 1820s to the 1920s, this single American region experienced the
largest wholesale destruction of animal life discoverable in modern history” (Flores
2016b, p. 6).

3.4 Livestock

Columbus brought horses, cows, goats, sheep, pigs and chickens on his second voyage
to the Americas in 1493, and by 1512 a cattle industry had been established in the
West Indies, whence animals were later shipped to Florida and the Mississippi valley
(Bowling 1942). Gregorio de Villalobos brought cattle to mainland North America in
1521, at what is now Veracruz, Mexico, where he founded the first of 233 estancias
granted by the Spanish Crown over the ensuing century (Sluyter 2012). In 1540, the
Coronado expedition set out from Compostela in what is now Nayarit, Mexico, with
several hundred horses, 5000 sheep and 150 cattle; the cattle may have been the first
to enter the present-day United States, but it is doubtful that any were still alive when
the expedition reached present-day Kansas two years later (Wagoner 1952; Wildeman
and Brock 2000). Another Spaniard, Juan de Ofiate, brought sheep, goats and cattle
when he founded Nuevo México in 1598; by 1700, the Navajo had become expert
livestock raisers (Weisiger 2009), and Spaniards in New Mexico were exporting
surplus sheep to Old Mexico annually by the late eighteenth century (White 1994).
Elsewhere on the continent, the French introduced livestock into the St. Lawrence
valley in 1541, and the first English cattle arrived in 1611 at Jamestown, Virginia.
The Carolinas would emerge as the source area for the development and expansion
of Anglo cattle ranching in the Southeast, which spread through the coastal plains to
Texas and scattered locations in the Ohio and lower Mississippi River valleys between
1650 and 1850 (Jordan 1981). In California, Spanish missionaries introduced live-
stock from Mexico in the late eighteenth century, and ranchos multiplied rapidly there
following the secularization of mission lands by the Mexican government in 1833
(Cleland 1941). Sheep were particularly important in the Pacific Northwest, where a
range livestock industry developed after 1850, initially with animals from California
and supplemented soon thereafter with breeds imported from eastern states via the
Oregon Trail, although some Merino sheep are reported to have arrived by ship via
Australia (Carman et al. 1892).

Some of the people who arrived in North America after 1492 came from places
with significant rangelands, such as the Iberian Peninsula and North Africa, and they
brought with them knowledge about how to raise livestock on the grasslands they
found in the New World. Terry Jordan (1993) examined the development of range
cattle production in North America on the basis of material culture and techniques
of animal husbandry. He identified livestock systems that descended from the Old
World and evolved in various ways as they diffused: a suite of overlapping Mexican
systems that spread north and west from the Veracruz area; an Anglo-Texan system
that blended traits from the American South and northeastern Mexico, spreading
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north and west from the Gulf Coast plains; and a Californian system, rooted in
Spanish and Mexican practices, which expanded inland from the belt of missions,
presidios and rancherias along the California coast. Such typologies are heuristic, and
Jordan (1993, p. 308) cautioned that “Each cattle frontier was unique and far more
accidental than predictable, the result of chance juxtapositions of peoples and places.”
A more lasting contribution may be his demonstration of the pluralistic, not to say
multi-cultural, makeup of early cattle ranching. “The first Texas cowboys,” as White
(1994, p. 243) notes, “were Indians,” and African-Americans, Native Americans,
and Mexican-Americans were far more numerous among the cowboy work force of
the late nineteenth century than depicted in Hollywood Westerns.

Extending Jordan’s efforts, Andrew Sluyter (2012) has documented the key roles
of Africans and their descendants, including slaves and former slaves, in adapting
techniques of animal husbandry, horseback riding, and the management of land and
water to enable range livestock production in New Spain, Louisiana, the Caribbean,
and parts of South America. Old World plants also played supporting roles in many
regions, colonizing areas disturbed by livestock grazing and displacing native vege-
tation in places where large grazing animals had previously been absent. As Sluyter
(2012, p. 5) explains:

Along with the cattle came grasses. Many millennia of association between livestock and
grasses in Africa, Asia, and Europe ensured a greater symbiosis than that between the cattle
and the grasses of the Americas. The non-American grasses were not only more palatable
and nutritious, but the cattle preferentially propagated them, favoring them when grazing,
carrying their seeds inland from the coast, and fertilizing them with manure.

Several African grasses spread through the tropics in Mexico, while Bermuda
grass (also originally from Africa) colonized a subtropical belt from South Carolina to
Texas. California’s native grasses were widely displaced by Eurasian annual species
by the nineteenth century (d’ Antonio et al. 2007).

The Great Plains were more resistant to Old World plant invasions, and the interior
of the continent was not so quickly overtaken by Europeans or their livestock, with
one exception (Haines 1938). Beginning in Santa Fe around 1630,

Indians spread horses rapidly and widely across North America. West of the Rockies, they
transported the animal to the Snake River valley by 1700 and the Columbia Plateau by 1730.
East of the Rockies, the horse reached the central Great Plains by the 1720s and western
Canada by the 1730s... Indians used horses for transport, war, hunting, and more rarely, food.
For most groups, a life without horses became unimaginable. (White 1994, pp. 238-239)

Empowered by horses, Native Americans stymied Spanish, Mexican and U.S.
settlement of interior North America for centuries. “Rangelands were where native
tribes succeeded the longest in resisting US conquest: the Comanche and others
in Texas until 1875, the Sioux in the northern Great Plains until 1881, and the
Apache in Arizona and New Mexico until 1886 (Sayre 2018, p. 342). From northern
Mexico to Canada, and from the Great Plains through the Great Basin, tribes
maintained complex and shifting relations of raiding, warfare, alliance and trade
both among themselves and with European and Euro-American traders and settlers
(Isenberg 2000; Blackhawk 2006; DeLay 2008; Colpitts 2015). Broadly speaking,



58 N. F. Sayre

tribes impeded state territorialization of rangelands, even while participating in the
commodification of selected wildlife, livestock and animal products.

3.5 U.S. Expansion, Conquest and Settlement

Some 2,144,000 km? of territory, including much of the Great Plains, came into
nominal possession of the United States with the Louisiana Purchase of 1803.
The U.S. annexed Texas in 1845, and Mexico ceded another 1,370,000 km?2, also
largely rangelands, under the Treaty of Guadalupe Hidalgo in 1848, which ended
the Mexican—American War. As just mentioned, however, effective conquest and
settlement of most of this area did not take place until the closing third of the nine-
teenth century. Expeditions into the Great Plains led by Zebulon Pike (1806-07)
and Stephen Long (1818-19) reinforced a widespread perception of the region as a
wasteland or “Great American Desert” unfit for agricultural settlement, as the limited
surface waters and near-total absence of trees failed to conform to European notions
of a civilizable landscape. The Gold Rush drew migrants from around the world to
California after 1848, and more limited commerce and migration took place along
the Santa Fe, Oregon, and other stagecoach trails throughout midcentury. But Native
American resistance and political gridlock over slavery stymied policies in support
of interior western settlement up to the Civil War.

The post-war period, by contrast, witnessed dramatic transformations of range-
lands in demographic, political-economic and biophysical terms. In 1862, with
Southern representatives absent, Congress passed the first of the Homestead Acts;
the same year, President Lincoln created the US Department of Agriculture (USDA).
These would become the institutional foundations for settlement beyond the Missis-
sippi River. Inspired by Jeffersonian agrarianism, the policy goal was settlement
by as many independent, landowning families as possible, in contrast to both the
plantation South and aristocratic Europe; tacitly but effectively, the model settler
was a white, male, Christian, English-speaking, American citizen (Carman et al.
1892; Sayre 2018). The Homestead Acts eventually transferred some 650,000 km?
of public land into private hands, nearly all of it for commercial agriculture, in parcel
sizes that were generally too small for economical use as rangelands. Meanwhile,
the USDA provided scientific know-how and support, not only for farmers but also
for loggers and ranchers operating on those parts of the public domain that were
never successfully privatized. The economic basis followed shortly after the war in
waves of migration, mining, ranching, timber-cutting, farming and railroad building,
all fueled by investment capital from the east coast and Europe. With the partial
exception of California (Walker 2001), the West became a colonial hinterland of the
East, serving both as a source of natural resources for industrial development and
as a destination for surplus capital produced by that development. “Across the tele-
graph wires came the instructions and information that coordinated eastern financial
markets and western production sites. Along the railroads traveled the raw materials
of the West and the finished products of the East” (White 1991, p. 236). As both
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cause and effect of late-century boom-and-bust capitalism, the western frontier was
prone to crises at all scales, from farm foreclosures and corporate bankruptcies to
the international depressions of 1873 and 1893. But it nonetheless resulted in the
territorialization of the region into a system of property, investments, and land use
oriented to national and global market production.

3.5.1 The Open Range and the Cattle Boom

The most legendary face of frontier expansion on North American rangelands, and
the force behind its breakneck speed, was the Cattle Boom, which swept across the
Great Plains in near lockstep with the decimation of the bison. It was actually two,
overlapping and intersecting booms. One commenced immediately after the Civil
War and was essentially bovine mercantilism: over the ensuing two decades, some
5.2 million ownerless, semi-feral Longhorn cattle that had built up in Texas during
the war were rounded up and trailed north to urban markets, military forts, Indian
reservations, and railhead towns, where they fetched prices as much as ten times
what they cost (Webb 1931; Paul 1988). This was the boom of mythic cowboys,
cattle trails and stampedes (McCoy 1951). The second boom picked up steam in
the mid-1870s and effectively swallowed the first boom by the early 1880s. After
smaller western banks failed in the 1873 panic, larger eastern firms and investors
from as far away as Scotland jumped in to capitalize on high regional interest rates,
free grass on unfenced rangelands, and surging national and international demand
for beef (Dale 1930; Atherton 1961). This boom was the capitalist, financialized
‘Beef Bonanza’ (Brisbin 1881) of cattle barons, overnight fortunes and aristocratic
pretensions. “[T]he Western range cattle industry during the last two decades of
the nineteenth century was operated basically on borrowed capital” (Gressley 1966,
p. 145), including some $45 million from Great Britain by the 1880s and another
$284 million from the eastern US by the end of the century (Frink 1956; Graham
1960). Ahead of the homesteaders, with millions of hectares open to the first taker,

Every man was seized with the desire to make the most that was possible out of his oppor-
tunities while they lasted. He reasoned that there was more grass than his own cows could
possibly eat. There was plenty of stock water for five times as many cows as were now on the
range. There was no rent to pay, and not much in the way of taxes, and while these conditions
lasted every stockman thought it well to avail himself of them. Therefore all bought cows to
the full extent of their credit on a rising market and at high rates of interest. (Bentley 1898,
p- 8

Bank loans, mortgages and stock issues compelled ranchers to produce for the
market, both to secure credit and to repay debts. In the 1870s, responding to the
demands of the nascent packing industry as well as the admonitions of their faraway
investors, cattle producers began to cross their Texas Longhorns with “improved”
British breeds such as Herefords and Shorthorns, which yielded higher quality cuts of
meat, especially when finished on corn. The perfection of cheap barbed wire in 1874
facilitated controlled breeding, but it also increased ranchers’ costs and was illegal
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to install on the public domain, creating much uncertainty and sometimes violent
conflict over informal ‘range rights.” Meanwhile, the Union Stock Yards of Chicago
and its Big Four meat processors (Armour, Swift, Morris, and Schwartzschild and
Sulzberger (S&S)) pioneered advances in slaughtering and refrigerated transport
that drove processing costs down, democratizing beef consumption and boosting
demand. But the processors also used their monopoly position and outright collusion
to exert downward pressure on prices paid to farmers and ranchers (Virtue 1920;
Pacyga 2015; Specht 2019). This prompted further herd expansion, along the lines
described by Bentley above. “Economy, culture, and ecology all combined to create
conditions that led to an explosion in the numbers of cattle” (White 1991, p. 220).

The boom collapsed from the combined effects of over-expansion and bad weather.
Drought in the southern Great Plains killed large numbers of livestock in 1883—84;
many owners shipped their herds north and west in search of pasture, only to see
them wiped out by severe winter storms in 1886—87. As of 1888, “[m]any thousands
of animals were lying dead all over the range, starved and frozen; the survivors were
riding in boxcars to the stockyards for rapid liquidation by their owners” (Worster
1992, p. 41). The last ripples of the boom washed across New Mexico and Arizona,
where cattle numbers exploded between 1885 and 1891 and collapsed in the drought
of 1891-93 (Sayre 1999). Coupled with the 1893 depression, it was an ecological-
economic crisis. Scores of cattle companies went bankrupt. Vast areas of rangeland
were reduced to dirt, triggering acute surface and gully erosion, altering fire regimes,
and initiating widespread, long-term vegetation changes across the Southwest (Cooke
and Reeves 1976; Bahre and Shelton 1996). Comparably severe vegetation changes
would unfold across large parts of the northern shrub/steppe over the ensuing century
(Sayre 2017). The fact that cattle grazing is routinely included among the official
causes of decline for wildlife listed as threatened or endangered in the West is often
due to impacts inflicted long ago.

3.5.2 Landownership

The mosaic of public, private and other landownership types' that characterizes North
American rangelands today, dating from this period, can be loosely arranged by the
availability of water and fertile soil, interacting with government policies and market
forces.? The driest, highest, and/or least fertile areas defied settlement altogether and
remained in the public domain, eventually passing into the administration of the

! Other landownership types include provincial and first nations lands in Canada; tribal and state
lands in the US; and communal and indigenous lands in Mexico. The details of the three countries’
landownership systems exceed the space available here, so I focus on the US case for simplicity. It
is worth noting that enormous areas of rangelands in northern Mexico were privatized and sold to
American capitalists in the late nineteenth century, facilitated by the Porfirio Diaz regime; revulsion
at the land-grabbing helped to motivate the Mexican Revolution (Hart 2002).

2 Texas is a partial exception in terms of landownership, because it entered the union in possession
of its unsettled lands and disposed them to private owners on terms other than the Homestead Acts,
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USDA’s Forest Service or the Department of Interior’s Bureau of Land Management
(see Sect. 3.6). Important exceptions occurred where desert or semi-desert lands
could be put under large-scale irrigation following passage of the 1902 Newlands
Reclamation Act, such as in the Gila and Salt River valleys of Arizona, the Imperial
and Sacramento-San Joaquin valleys of California, and the Palouse prairies of eastern
Oregon and Washington. Here rangelands were lost to cultivation, often attended by
speculation or fraud and ending up in the hands of large private landowners (Reisner
1987).

At the opposite end of the spectrum, in the wettest parts of the Great Plains, the soil
was among the most fertile on Earth but there was generally too much water, or it was
distributed in space and time such as to limit cultivation. The installation of drainage
tiles—permeable pipes buried below plow depths to accelerate spring drying—spread
rapidly across Illinois and Iowa in the 1870s and ‘80 s, often underwritten by banks or
speculators who then sold the lands to prospective farmers (Prince 1997). Extending
a model first developed in the Ohio Valley in the 1830s, the resulting farms used
livestock to consume their copious corn harvests and convert them into moveable,
saleable commodities (Hudson 1994). The aggregate result was a self-reinforcing
cycle: farmers bought drained land on credit, and abundant yields pushed corn prices
down, prompting farmers to cultivate ever more land to cover their debts. As the tall-
grass prairie disappeared under the plow, calf production was displaced westward
into the drier, mixed- and short-grass prairies of the western Great Plains (Dale 1930).

Intermediate on the spectrum were higher elevation valleys with mountain streams
subject to diversion onto fertile floodplains. In these settings—scattered throughout
the Great Basin, Rocky Mountains and Southwest—homesteaders successfully
settled the flattest, most fertile fraction of the landscape and left the surrounding
mountains and uplands in public ownership (Scott et al. 2001). Over time, the private
lands became increasingly devoted to pasture or hay crops for winter feeding to herds
of livestock that grazed on the surrounding public lands in the warmer months (Starrs
2000).

Finally, the most nettlesome cases were those where dry farming was possible in
some years but not others, especially the Southern Great Plains and the belt of lands
lying between the 100th and the 102nd meridians (Stegner 1954; Worster 1979).
With about 50 cms of average annual precipitation, these lands appeared arable
enough to induce land rushes among immigrant homesteaders hungry for farms of
their own; by 1890, six million people inhabited the Great Plains. But these areas
also periodically experienced multi-year droughts that devastated crops, bankrupted
settlers and exposed the plowed fields to severe wind erosion. By the 1930s, one-
third of the southern Great Plains—some 13.4 million hectares of former short-grass
prairie—were sod-busted, setting the stage for the infamous Dust Bowl. Many failed
homesteads reverted to public ownership either by tax default or through the New
Deal’s Rural Resettlement Administration.

resulting in a near-total absence of federal lands today. In terms of farming and ranching as land
uses, however, it broadly resembles neighboring states.
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With minor adjustments, the aggregate outcome for US rangelands was the pattern
of landownership and land use still visible today: near-total conversion to private
ownership and crop agriculture east of the 100th meridian, and a complex mosaic
to the west. As of 1940, some 16.1% of the seventeen Western states was farmland,
ranging from three percent or less in Nevada, Utah, New Mexico and Arizona to just
over half of Kansas and North Dakota (Stoddart 1945). Nearly all of the other 83.9%
remained rangeland, roughly half private and half in public ownership, but unevenly
distributed, with the public rangelands skewing towards higher, drier, and generally
less productive areas (Secretary of Agriculture 1936).

3.6 The Western Range

By 1890, North American rangelands were enfolded into a market-oriented,
continent-spanning “cattle-beef complex” that encompassed Midwestern corn farms,
cattle ranches across the West, Chicago packing plants, and refrigerated railroad meat
distribution to cities throughout the East (Specht 2019). The first stirrings of the
conservation movement were beginning to be felt in Washington, D.C.: Inspired by
the near-extinction of the bison, widespread clear-cutting of forests, and the destruc-
tion wrought by the Cattle Boom, prominent eastern scientists such as William
Hornaday (1889) were openly condemning market forces for the annihilation of
wildlife and their habitats. (In 1900, Congress would pass the Lacey Act, the first
federal law regulating interstate traffic in wildlife.) Out West, most of the land suit-
able for dry farming had been claimed under the Homestead Acts and plowed—it
was no longer rangeland at all. Hopeful settlers would continue to file entries into
the 1930s, but it was already evident that large areas would remain in (or revert to)
the public domain for lack of reliable water and/or arable soil, and that in many
cases their chief value was in fact a public one, as timber sources and watersheds for
downstream settlements.

How should these lands be administered and managed? Congress answered this
question in a series of loosely coordinated steps for different subsets of the federal
domain. Rangelands fell principally into two of these: areas withdrawn under the
Forest Reserves Act of 1891, and the residual public domain (Calef 1960; Voigt 1976;
Rowley 1985).% Both were administered by the Department of Interior’s General
Land Office (GLO), and both were already being grazed by livestock. But they
would follow quite different paths after 1894, when the GLO, facing pressure from
conservationists, banned all grazing on the Forest Reserves (Rowley 1985). The move
set off a political skirmish that ricocheted across the continent for the next half-
century and ultimately reterritorialized the open range, replacing it with a system
of exclusive leasehold tenure for private livestock producers to utilize the forage

3 That is, lands not withdrawn for other purposes such as the military, Indian Reservations, national
parks, and lands granted to states. All of these categories included rangelands, but this fact was
generally incidental to their administration.
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in fenced allotments of public rangelands. This system can be termed the Western
Range, after the landmark 1936 USDA report of the same name (see below).

It was the dawn of the Progressive Era, and the debate over the Forest Reserves was
waged in the language of science and the public good. The Senate asked the National
Academy of Sciences to appoint a committee, which borrowed the words of John
Muir (“hoofed locusts™) to condemn livestock—especially sheep—for damaging
the forests (NAS 1897). Cattle and sheep producers complained, and the USDA
enlisted its premier botanist, Frederick Coville, to study the matter. Coville (1898)
conducted a detailed survey in the Cascade Mountains of Oregon and systematically
refuted the Academy’s claims, and five years later he sat on the second Public Lands
Commission,* convened by President Teddy Roosevelt. “The great bulk of the vacant
public lands throughout the West,” the commission wrote, “are, and probably always
must be, of chief value for grazing” (Coville et al. 1905, p. xx). Some 120 million
hectares were “theoretically open commons, free to all citizens,” but in practice were
subject to “tacit agreements” that were routinely violated. “Violence and homicide
frequently follow,” often between cattle and sheep producers. The commission’s
conclusion was an early articulation of the Tragedy of the Commons:

The general lack of control in the use of public grazing lands has resulted, naturally and

inevitably, in overgrazing and the ruin of millions of acres of otherwise valuable grazing

territory. Lands useful for grazing are losing their only capacity for productiveness, as, of
course, they must when no legal control is exercised. (Coville et al. 1905, p. xxi)

The commission’s report led directly to passage of legislation that transferred
the Forest Reserves to the USDA and created the US Forest Service to manage
them. The law further authorized the Secretary of Agriculture to lease these lands to
livestock producers and to charge them a fee for that use, as well as to stipulate terms
and conditions for management. With a stroke of Roosevelt’s pen, his close friend
Gifford Pinchot, head of the USDA’s Division of Forestry, was suddenly in charge
of some 38 million hectares of land.

There is a large literature on the history of the Forest Service, but relatively little
of it focuses on rangelands (but see Rowley 1985). Grazing wasn’t the new agency’s
primary concern, after all: forests and timber, fire protection, and watersheds were
all higher priorities. Western settlement had been attended and abetted by a prolifer-
ation of federal government entities tasked with developing scientific knowledge and
information about the nation’s land and natural resources. The goal in virtually every
instance was to increase the output and efficiency of commercial agriculture for the
benefit of settlers. At a time when European scholars and universities dominated the
sciences, however, rangelands were an afterthought. Unlike forests, mines and farm-
lands, there was no established science for “unimproved” pastures and ranges. Basic
taxonomic investigations of western U.S. range grasses only began in the 1880s,
and the first formal program dedicated to “grass and forage plant investigations,” the

4 The first such commission was convened in 1879; its members included Clarence King and John
Wesley Powell. Their report (Williamson et al. 1880) used the term “pasturage lands” to refer to
rangelands, and noted that they were the least valuable lands, per acre, in the public domain, but
also for that reason the most accessible to ordinary citizens with minimal capital (Sayre 2017).
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USDA’s Division of Agrostology, wasn’t founded until 1895. American plant ecology
was born in large measure into this vacuum. Charles Bessey, Frederic Clements, and
their students and successors at the University of Nebraska dominated the field well
into the twentieth century (Tobey 1981), producing an applied “science of empire”
(Robin 1997) to address the needs of western rangelands.

That rangeland science unfolded under the administration of the Forest Service
was more or less accidental, but also consequential. The goals of the Western Range
were those of Progressive Era conservation, distilled in Pinchot’s words as “the
greatest good of the greatest number for the longest time” (Pinchot 1947). But in
practice, this elegant utilitarian motto was rather contradictory. “The greatest good”
effectively meant the greatest economic output, measured in profits and embodied in
livestock, but no one knew how to calculate such an optimum. Even seemingly simple
tasks such as mapping and measuring forage resources posed staggering logistical
challenges, and highly variable interannual rainfall, on top of widely divergent range
conditions, made relations with lessees perennially contentious, especially regarding
stocking rates. “The greatest number” meant as many lessees as possible, but this too
depended on forage production, and having too many risked repeating the errors of
the open range period. To cull the pool, the Forest Service required permittees to own
nearby private land sufficient to support their herds through the winter (“commensu-
rate property”), effectively disqualifying poorer, non-landowning producers—many
of whom were from minority groups (Sayre 2018). Finally, “the longest time” was
an imponderable criterion. No one knew if rangelands could recover from acute
overgrazing, or how long it might take, although the Public Lands Commission had
confidently asserted that “Lands apparently denuded of vegetation have improved
in condition and productiveness upon coming under any system of control which
affords a means of preventing overstocking and of applying intelligent management
to the land” (Coville et al. 1905, p. xxi).

In theory, exclusive access and security of tenure gave lessees a rational self-
interest in conserving range resources on their allotments. But realizing exclusive
access ran counter to maximizing profits. It required either the employment of full-
time herders or the construction of fences, and both were prohibitively expensive. To
study the matter, Pinchot and Coville sponsored an experiment in 1907-09, with an
outcome that was predetermined: the high cost of fencing could be justified econom-
ically provided that it rendered herders unnecessary and thereby reduced producers’
labor costs. But herders also protected livestock from wolves, grizzly bears, and
the like, so eliminating herders would also require the West-wide elimination of
predators. The Forest Service was already actively engaged in predator control on its
lands, and in 1914 Congress authorized and funded the USDA’s Bureau of Biolog-
ical Survey (BBS) to do so throughout the West (Cameron 1929). Between 1915
and 1920, the BBS reported killing 128,513 predatory animals by hunting and trap-
ping, and an unknown but probably larger number by poisoning. Wolves and grizzly
bears were extirpated from large parts of their former ranges. Similar campaigns
were launched against prairie dogs and a long list of other “pests,” numbering in the
hundreds of millions. Meanwhile, most of the fences needed to demarcate grazing
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allotments would not be built until the Civilian Conservation Corps subsidized the
effort with a massive supply of cheap labor during the Depression (Sayre 2017).

The effects of the Western Range on rangeland ecosystems were mixed. The
number of cattle and sheep grazing on the National Forests spiked during World War
I, and the agency faced continuous resistance from lessees and livestock associations
about stocking reductions. But over time, control of numbers and seasons of use were
gradually achieved, and some indications of range recovery could be found, at least
relative to the still unregulated, open range of the remaining public domain. Probably
the greatest impacts of the new system, though, would not become evident till decades
later. As early as 1920, the Forest Service had evidence that grazing reduced the
incidence, intensity and spread of wildfires—and fire protection had become the
agency’s foremost concern since the politically embarrassing “Big Blow-up” of 1910
(Pyne 1982). Grazing for fuels management became de facto policy within the agency
by the end of the 1920s. New stock roads, bridges, and water systems served both
to open up access to additional forage for lessees and to expand the footprint of
fire protection, and static stocking rates ensured heavy grazing (relative to forage
production) during drier years, when fire risks were high (Sayre 2017). In the long-
term, however, the effects of fire suppression included much denser forest stands,
compositional shifts, and greater susceptibility to catastrophic crown fires.

Another product of the Western Range was Aldo Leopold, who joined the Forest
Service fresh out of the Yale School of Forestry in 1909. For a brief period in 191415,
he worked in the Office of Grazing for the Southwestern Region, where he encoun-
tered the concept of carrying capacity. “The discovery would reverberate through
his work for the rest of his life” (Meine 1988, p. 136), shaping his interpretation
of predator—prey interactions on the Kaibab plateau and informing his landmark
textbook, Game Management (Leopold 1933). He was deeply involved with state
hunting regulations, and he came to see hunters and private land owners as impor-
tant allies in advancing conservation. Finally, he was among the first to question the
wisdom of unrestrained fire suppression. Based on his observations in the Southwest,
he wrote: “Until very recently we have administered the southern Arizona Forests
on the assumption that while overgrazing was bad for erosion, fire was worse, and
that therefore we must keep the brush hazard grazed down to the extent necessary
to prevent serious fires. In making this assumption we have accepted the traditional
theory as to the place of fire and forests in erosion, and rejected the plain story written
on the face of Nature” (Leopold 1924, p. 6).

The Forest Service had come into being in 1905 with political support from
sheep and cattle producers and their well-connected livestock associations, who had
been persuaded that they had more to gain than to lose in paying fees to secure
exclusive access to forage on the forests (Steen 1977; Rowley 1985). But for the
lower, drier, and generally less productive lands that remained in the public domain, it
would take another generation before such a coalition could be forged (Merrill 2002).
Inspired by the success of the Mizpah-Pumpkin Creek Grazing District in Montana
(Muhn 1987), livestock producers agreed to support the Taylor Grazing Act of 1934,
which applied fencing and leases to the GLO’s 63 million hectares of grazing lands.
But it did not transfer those lands to the USDA, and in the years surrounding its



66 N. F. Sayre

passage an extraordinary bureaucratic struggle took place, largely behind the scenes.
Secretary of Interior Harold Ickes lobbied President Franklin Roosevelt to reverse
the earlier transfer and restore the National Forests to Interior, which he proposed
to rename the Department of Conservation (Merrill 2002). Secretary of Agriculture
Henry Wallace parried Ickes’s efforts, however, arguing that the new Taylor Grazing
Districts belonged in the care of the Forest Service (notwithstanding the near-absence
of forests on those lands): The Western Range (Secretary of Agriculture 1936) was
a 620-page briefing paper-cum-lobbying effort, mustering every piece of available
evidence to support the contention that National Forest rangelands had improved
since 1905, while the other 243 million hectares of the nation’s grazing lands had
remained degraded or worse. Roosevelt was reported to side with Ickes at first, but
in the end, he did nothing, leaving the Western Range divided between two agencies
with distinct land bases, institutional cultures and legislative mandates. The Bureau
of Land Management did not receive an organic act to guide its management authority
until 1976, when the Federal Land Policy and Management Act directed the agency
to practice sustained multiple use.

3.7 Environmentalism and (Ex)urbanization

The post-World War II period saw the politics of rangelands fracture along new fault
lines even as the Western Range consolidated. Range conditions on the Taylor Act
lands generally improved by the late 1950s, then remained unchanged for the next
quarter-century (Hadley et al. 1977). The new grazing districts were administered
initially by the Division of Grazing, then the Grazing Service, and finally by the
Bureau of Land Management, which absorbed and extinguished the GLO in 1946.
The bureaucratic reorganizations reflected more than internal adjustments, though,
as the new lessees and their livestock associations mounted a bid to devolve the
new grazing districts into state, county or private ownership. Thus, was the modern
Rangeland Conflict born: The cattle and wool growers provoked the ire of Bernard
DeVoto, editor of The New Republic, who penned a series of articles denouncing
their effort as a “land grab” and recasting the American cowboy from hero into
despoiler of the nation’s patrimony. DeVoto struck a chord with conservationists and
everyday citizens in the East and also out West—he himself was a Utahn and prolific
Western historian—and the episode signaled a lasting shift in the politics of public
lands grazing. As the environmental movement grew out of the 1960s, helping to
motivate passage of the Clean Air Act (1963), the National Environmental Policy Act
(1970), the Clean Water Act (1972) and the Endangered Species Act (1973), ranchers
and environmentalists increasingly saw each other as diametrically opposed. More
recently, the demands of the Sagebrush Rebellion of the 1970s and ‘80s and the
Malheur National Wildlife Refuge occupation in 2016 were remarkably similar to
those of the livestock associations in DeVoto’s day.

Progressive faith in science to resolve political problems lingered, but it began to
falter on the rangelands themselves. The discipline of range science, which had grown
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up as a step-child within the Forest Service, found greater professional autonomy after
the Depression as employment opportunities multiplied in the BLM, the Soil Conser-
vation Service, and the academy; in 1948, a new Society for Range Management came
into being, cleaving away from forestry and agronomy. According to the scientists,
controlling and reducing stocking rates was supposed to lead to range restoration,
based on Frederic Clements’s (1916, 1920) theory of plant succession and Arthur
Sampson’s (1919) influential adaptation of Clementsianism to range management.
And indeed, stocking rates have declined on both Forest Service and BLM lands.
But shrub encroachment persisted in large areas: juniper throughout much of the
region, mesquite in the Southwest, and sagebrush in the Great Basin. Severe drought
in the 1950s exacerbated fears that conditions were worsening. Facing pressure from
lessees not to cut stocking rates, the USDA launched large-scale projects to restore
grasses by mechanically or chemically removing shrubs, treating hundreds of thou-
sands of hectares with little or no long-term success; indeed, the grasses that were
seeded included a number of non-native species that later became problems in their
own right (Sayre 2017). The role of fire suppression in ongoing vegetation change,
meanwhile, was scrupulously avoided for decades, with the Forest Service some-
times actively preventing publication of fire research in prominent journals (Pyne
1982).

Demographic and technological changes have strongly affected rangelands and
livestock production since the mid-twentieth century. Air conditioning, interstate
highways and cheap energy enabled rapid suburban growth nationwide, especially
in California and the Southwest. Population stagnated or decreased throughout the
Great Plains, except in and around larger urban areas, as the labor demands on farms
and ranches declined and young people migrated to cities for work. The average
household grew smaller in terms of people, but larger in terms of house and parcel
size; nationwide, the area of exurban development (4—16 ha/household) increased
five-fold, from 5 to 25% of the conterminous US between 1950 and 2000 (Brown et al.
2005). Residential development sidesteps the ecological dependence of agriculture
on fickle rainfall, capitalizing instead on warm climate, expansive views and low
market prices for agricultural land. In the eight interior Western states, total farm and
ranch land peaked in 1964 at 108 million hectares, then declined by an average of
roughly 400,000 ha per year through 1997. Some 650,000 ha of grazing land went
out of production (including public lands) every year in the 1990s; over the period
1982-1997, about 45% of lost grazing land was converted to urban uses (Knight
et al. 2002).

Livestock production has also changed dramatically, albeit mostly on former
rangelands converted to agriculture. Post-war surpluses of ammonia from decom-
missioned munitions factories flooded the market with cheap fertilizer in the late
1940s and ‘50s, and new chemical pesticides also came online. When applied to new
hybrid varieties of corn and sorghum, the chemical inputs sent yields skyrocketing
throughout the Plains states; cheap grain, in turn, opened up profit opportunities
in concentrated livestock feeding (Nall 1982; Corah 2008; Ogle 2013). As feedlots
concentrated in the southern Great Plains, processing plants gravitated towards them,
taking advantage of non-union workforces and technological advances in slaughter to
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reduce costs and increase scale (Skaggs 1986; Stanley 1994). Declining margins have
driven consolidation in farms and ranches through the US, with mid-sized operations
decreasing dramatically (MacDonald 2018).

3.8 Conclusion

The aggregate effect of all these trends has been to marginalize rangelands as range-
lands still further than before, ecologically, economically, socially and politically
(Sayre et al. 2013). The Western Range system of leases, for all of its other weak-
nesses, did succeed in linking the management and use of private and public lands
together in large, relatively contiguous parcels; as the Public Lands Commission
reasoned, security of tenure would incentivize conservation as long as the “chief
value” of the land was for grazing. As of 2000, some 45 million hectares of private
lands were dependent on federal grazing permits for at least some of their forage
(Gentner and Tanaka 2002). Now, however, private land values exceed what livestock
production can justify nearly everywhere and often by wide margins, and nearly all
ranches depend on off-farm income or wealth to remain solvent (Torell et al. 2004).
The greatest threat to rangelands and their biodiversity is no longer livestock grazing
but weed invasions, fragmentation and development (Hansen et al. 2005).

Historians have long emphasized the aridity of rangelands in the western United
States as a key factor in the nation’s settlement, as it defied the Jeffersonian, yeoman
farmer model embedded in the Homestead Acts. This thesis requires modification
in light of more recent scholarship, however. Biophysically, many North American
rangelands (such as the Great Plains) were more resilient to Old World plants and
livestock than other biomes, and it was their climatic variability, rather than aridity
per se, that resulted in the greatest obstacles to Euro-American settler colonialism.
Climate change is now increasing variability throughout the West, magnifying the
challenges of drought, floods, fire, and water provision for urban, exurban, and rural
areas alike. The lessons to be learned from the history of North American rangelands
will only grow more salient, then, as more and more places come to experience
comparable degrees of variability.
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Chapter 4 ®
Western Rangeland Livestock Production | ¢
Systems and Grazing Management

Timothy DelCurto, Samuel A. Wyffels, Martin Vavra, Michael J. Wisdom,
and Christian J. Posbergh

Abstract Rangeland wildlife ecology and conservation is strongly influenced by
domestic livestock systems. Domestic livestock production on rangelands in North
America is dominated by ruminant livestock, with beef cattle being the largest
industry. Rangeland ruminant livestock production systems are unique in that land/
animal managers develop production systems that attempt to optimize the use
of limited-nutrition forage bases. This involves the strategic selection of calving/
lambing dates to coincide with forage resources and labor limitations. Likewise, the
species, breed, and age of animal is selected to be productive in sometimes subop-
timal nutrition and environmental conditions. In addition, the role of this industry
in the conservation and enhancement of wildlife diversity and ecosystem services
is important now and paramount in future management goals. Grazing systems that
are unique to the needs of ecosystems are designed to enhance soils, vegetation, and
wildlife diversity. In addition, understanding how wild and domestic animals utilize
landscapes of varying topography is an ongoing area of research. Continued inves-
tigations into how animals use landscapes, grazing distribution/behavior, botanical
composition of diets, and dietary strategies will be important in designing manage-
ment approaches for all animals that are dependent on rangeland resources. The
paradigm of sustainable management of livestock systems needs to view herbivory
as a tool to manage vegetation for optimal biological integrity and resiliency. Only
by the optimization of biological processes within plant communities on rangelands,
will managers create systems that benefit both livestock and wildlife.
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4.1 Western Forage-Based Livestock Production Systems

Livestock grazing is the dominant land use in areas of the western U.S. that are not
suited for farming. With the exception of the Great Plains, a significant portion of
the western U.S. is characterized by high elevation rangelands exceeding 1000 m
(Fig. 4.1a). The Rocky Mountains are a key feature of many western states, and the
associated mountain plateaus provide important summer forage resources for the
domestic sheep and beef cattle industries. The region’s geological features are often
characterized by shallow/rocky soils, rugged terrain, and steep slopes. Because of the
dominance of high elevation regions throughout the western U.S., many areas have
limited growing seasons, with the relative length of growing periods being dependent
on adjacent topography, climatic patterns, and elevation.

In addition, most of the western U.S. is characterized by arid and semi-arid envi-
ronments with precipitation zones of less than 50 cm (20 inches; Fig. 4.1b). There-
fore, western livestock producers typically operate in areas with growing seasons
of less than 120 days and precipitation patterns that limit native and introduced
forage production. The limited precipitation and highly variable patterns of rain/
snow events often lead to seasonal shortages of forage and hay for livestock produc-
tion. Furthermore, short growing seasons and irregular precipitation patterns lead
to forage resources that are often limited in nutritional quality and quantity. There-
fore, many livestock producers need to consider supplemental inputs to meet their
animals’ nutritional needs, although the need for supplemental inputs may vary from
year to year (DelCurto et al. 2000).

The western beef industry is very extensive in its land use, with optimal produc-
tion being a function of the resources on each ranching unit and management’s
success in matching the type of cow and production expectations to the available
resources (Putman and DelCurto 2020). Successful beef producers are not neces-
sarily the ones who wean the heaviest calves, obtain 95% conception, or provide the
most optimal winter nutrition. Instead, successful producers demonstrate economic
viability despite the multiple economic, environmental, and social pressures on the
industry. Management practices that promote the ecological, economic and social
sustainability of livestock production are paramount for the survival of the western
livestock industry and rural communities that are dependent on their success.

4.1.1 Kinds and Classes of Livestock

The U.S. beef cattle industry. The United States is the world’s largest and most
efficient beef cattle producer (pounds of beef per year). Over the past decade, the
U.S. consistently produced between 24 and 27 billion pounds of beef per year, despite
severe droughts that have plagued the southwest and western regions of the country
during this time. The closest world competitor is Brazil, but the type of cattle differ
dramatically in respect to age, breed composition, and, as a result, quality. Simply
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Fig. 4.1 Topography (a) and rainfall (b) of the United States (U.S.). Color bands denote the regional
elevation ranges and annual precipitation amounts. The western U.S. is dominated by areas that
exceed 1000 m in elevation and less than 50 cm of rainfall

put, the United States does not have significant competition from other countries
with respect to production capabilities or product quality.

The Western Beef Industry. For the purpose of this chapter, the authors discuss
regions of the United States with substantial rangeland areas and ecotypes, which
include the 11 western states and the Great Plains states of Texas, Oklahoma, Kansas,
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Nebraska, South Dakota and North Dakota (see Chap. 2). These 17 western-most
states represent approximately 61% of the U.S. beef cow inventory, with approx-
imately 19.2 million beef cows (Table 4.1). Texas is the clear leader in beef cow/
calf production with approximately 4.57 million beef cows (14% of the U.S. Herd)
with cash receipts for cow/calf sales generating 4.6 billion dollars annually (USDA-
NASS 2019). In addition, the six Great Plains states and Montana represent almost
46% of the U.S. cow herd with all seven states in the top 10 of cow/calf produc-
tion. Beef cattle productivity of this region is due in large part to the productivity
of the rangeland forages reflected in the tallgrass, mixedgrass and shortgrass range-
land ecosystems. These rangelands are relatively low in elevation with continental
weather patterns that yield high amounts of precipitation with most coming from
April to October. In turn, this type of precipitation amount and distribution allow
for greater forage production and forage quality. These rangelands often have both
warm season and cool season forages, which can be strategically used to expand the
window of adequate nutrition for cow/calf production particularly during lactation.

The rangeland ecotypes of the Great Plains vary in species composition and forage
production as a function of precipitation (Fig. 4.1b; Table 4.1). Generally, moving
from east to west, there is a transition from tallgrass prairie to mixed grass to short-
grass prairie over a range of precipitation that ranges from 100 to 25 cm (see Chap. 2).
In addition, most regions see a gradient of predominantly warm season grasses to
cool season grasses with corresponding changes in overall production from east to
west. The differences in vegetation and productivity result in differing beef cattle
management/production strategies across the Great Plains Region. In the Tallgrass
Prairie Region, a substantial stocker cattle industry exists to capture value of the
predominantly warm season forages that yield substantial gains with yearlings from
May thru July. This region has tremendous forage production but forage quality
limits production when the warm season grasses reach advanced stages of pheno-
logical maturity. The northern and southern mixedgrass prairie is more balanced
with respect to warm and cool season grasses, which results in lower rangeland
productivity but greater nutritional windows of adequate nutrition. As a result, this
region is dominated by cow/calf production because of the opportunity to meet beef
cattle requirements during lactation and, perhaps, run yearling animals on the late
spring and summer forage base. The Great Plains, which include the tallgrass, mixed-
grass, and shortgrass prairies represent rangeland vegetation that has coevolved with
greater herbivory (specifically American bison [Bison bison] and Rocky Mountain
elk [Cervus canadensis]) than other regions of the West. As a result, these areas
are generally more resilient in respect to impacts of herbivory on rangeland vege-
tation. Cow/calf production systems throughout the 17 western-most states often
reflect the forage resources of the region that often focuses on optimizing the use of
forage resources, minimizing the needs for supplemental inputs, while optimizing
beef cattle production and sustainability of the forage resources.

The 10 western states (excluding Montana) are home to 15% of the U.S. beef
cattle herd (4.75 million cows) yet over 40% of the U.S. land area. These states
have the greatest amount of federal lands (tribal lands, USDI National Parks and
Bureau of Land Management, and USDA Forest Service) and the ranching areas
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are primarily confined to the arid and semi-arid regions. Federal ownership of lands
range from 30% in Washington to approximately 87% in Nevada. Perhaps compared
to the Midwest, western beef production does not seem that important. However,
beef cattle production and hay production for ruminant livestock are cornerstones of
the rural economies in the western U.S. as well as Great Plains states (Tanaka et al.
2007).

Beef cattle producers in the western region are faced with many challenges. First,
their ranch resources are often limited in forage quality and quantity, both of which are
dynamic and dependent on climatic conditions. Thus, western ranch managers often
select cattle based on their ability to thrive in environments with limited nutritional
resources. Often, western beef producers select cattle with smaller frames, low to
moderate milk production, and the ability to be reproductively efficient in a limited
nutrition environment. These producers also tend to select calving dates that optimize
beef cattle production with available forage resources. As a result, greater than 80%
of western beef producers calve in the spring. Ranches that market calves at weaning
tend to calve a month or two before the onset of green forage. In contrast, a growing
number of producers who retain ownership or keep calves as yearlings are moving
calving dates to match the onset of green forage more closely. By calving in April/
May, producers try to match the cow’s nutritional requirements as closely to the
forage resources as possible and minimize supplemental inputs.

Despite efforts to match cow type and production to rangeland environments,
most western livestock producers are dependent on supplemental and harvested
forage during portions of the year. High elevation rangelands/ranches often have
extended periods of snow cover. During these periods, harvested forages are neces-
sary. Ranches that provide feed during the December through March winter period
often require a minimum of 2 tons of harvested forage per cow. While a great deal
of effort is made to reduce the reliance on harvested forage, most of the alternatives
such as stockpiled forage, straw, and other crop residues, are limited by nutritional
quality and need substantial inputs to meet the nutritional demands of the cow/calf.
Strategic supplementation is essential for these producers and often critical to their
success (DelCurto et al. 2000; Kunkle et al. 2000).

The U.S. Sheep Industry. The first permanent U.S. domestic sheep flock was
established in Virginia in the early 1600s (Bell 1970). From there, the American
sheep industry continued to grow and eventually peaked at an estimated 56 million
head in 1945 (USDA 2004). Over the last several decades, the U.S. sheep industry
has contracted drastically in size, and in 2021 it was reported that there were approxi-
mately 5.17 million total sheep (USDA 2021). However, there appears to be a dimin-
ished rate of decline in recent years, suggesting that the observed exponential decay
of the U.S. sheep inventory may be close to its lower asymptote.

Most recently, the U.S. was ranked 50th in the world in total sheep inventory,
substantially smaller than China (1st; 163 million head), India (2nd; 74.2 million
head), and Australia (3rd; 65.7 million head), to name a few of the world leaders
(FAO 2017). Not surprisingly, the current number of sheep in the U.S. is small
compared to swine (71.7 million head; USDA 2017b) and beef and dairy cattle (103
million head; USDA 2017c). However, the number of sheep operations across the
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nation (101,387) ranks only behind beef cattle (729,046), as more Americans raise
sheep than dairy cattle (54,599) and hogs (66,439; USDA 2019).

Traditionally, the bulk of the U.S. sheep population has been located in the 24
states west of the Mississippi River. Today, an estimated 80% of the country’s sheep
are found in the West, with Texas (1st; 730,000 head), California (2nd; 555,000
head), and Colorado (3rd; 445,000 head) being among the leaders (USDA 2021).
Furthermore, the plurality of the total U.S. sheep inventory (43%) is found on large
operations (> 1000 head; USDA 2012), which are more typical of the western sheep
industry.

Many eastern states (MI, NY, OH, PA, VA, WI, and “Other States”) exhibited
positive growth in their sheep inventory from 2001 to 2007, whereas the inventory in
all but two western states (OK and MO) continued to decline during this period (NRC
2008). Despite eastern states being home to only 19% of the total U.S. inventory in
2012, they contained 39% of the nation’s sheep producers (USDA 2012). Therefore,
recent trends suggest that the makeup of the U.S. sheep industry is shifting toward
smaller flocks. For example, the proportion of operations with < 100 head, 100 to 999
head, and > 1000 head in 1974 was 77%, 20%, and 3%, respectively (NRC 2008),
contrasted with 93%, 6%, and 1%, respectively, in 2017 (USDA 2019).

Production characteristics. Sheep have been bred to produce one or more of three
products: wool, meat, and milk. The majority of the world’s dairy sheep are located
in the Mediterranean countries of southern Europe and northern Africa (FAO 2017).
Sheep milk is typically processed into high-quality cheeses, and Roquefort, Pecorino
Romano, and Manchego styles can often be found in U.S. urban and suburban super-
markets. While the U.S. dairy sheep industry has been growing over the last several
decades, it is still relatively small (Thomas et al. 2014). Therefore, the two major
U.S. sheep commodities are wool and lamb.

Advances in textile technologies allow today’s wool products to range in appli-
cation from next-to-skin to protective outerwear suitable in all temperatures. Wool’s
durability and odor resilience are ideal for both the working class and outdoor enthusi-
asts. Additionally, its fire-retardant properties are capable of protecting U.S. military
men and women where synthetic fibers (e.g., nylon, polyester, etc.) fail. Throughout
the country and world, the western states are known for producing a high-quality wool
clip (i.e., total quantity of wool shorn in an area for one year). Colorado marketed
the most wool in 2020 (1.14 million kg [2.5 million 1bs]), followed by Utah (1.09
million kg [2.1 million lbs]) and California (0.90 million kg [2.0 million Ibs]). The
heaviest average individual fleece weights came from sheep in Nevada (4.2 kg [9.2
Ibs]), Montana (4.1 kg [8.9 1bs]), and Utah (4.1 kg [8.9 1bs]; USDA NASS 2021).

Sheep are shorn once per year, generally in winter or spring before pregnant
ewes give birth. The highest average returns from wool on a unit basis in 2020
were garnered in Washington ($2.50/1b), Wyoming ($2.35/Ib), Nevada ($2.30/1b),
and Montana ($2.20 1b; USDA NASS 2017a). Therefore, the average revenue from
a Montana fleece was over $19 per head in 2020. However, receipts from the sale
of wool represented just 5 to 13% of the total revenue for the average U.S. sheep
producer from 2010to 2015 (LMIC 2016). Though the sale of wool is a timely income
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source for the extensively managed operations prevalent in the western states, the
success of most sheep operations in the U.S. hinges on the value of their lamb crop.

An estimated 50% of lambs are born in April and May on operations with 500
or more breeding ewes (USDA APHIS 2014). Sheep producers benefit from the
ewe’s ability to give birth to and raise multiple lambs at a time. The states with
the highest lambing percentage in 2020 were Iowa (141%), Minnesota (138%), and
South Dakota (132%; USDA NASS 2021). As with most commodities in agriculture,
if the sheep producer wants more output (e.g., a greater lambing percentage), they
need to supply more input (e.g., better genetics and increased nutrition). Therefore,
the highest lambing percentages in the U.S. tend to come from Midwestern states
where harvested feeds are more abundant and less expensive.

The average age and weight of lambs at weaning were 4.5 months and 33.8 kg (74.5
Ibs), respectively, on western and central U.S. sheep operations in 2010. Addition-
ally, these operations marketed their non-replacement lambs shortly after weaning at
an average age and weight of 5.7 months and 42.8 kg (94.3 1bs), respectively (USDA
APHIS 2012). From there, most lambs are placed in a dry lot and fed a high concen-
trate diet until they are finished, which was at an average live weight of 61.2 kg (135
Ibs) in recent years (NRC 2008). California and Colorado have traditionally been
the largest lamb feeding states, with an estimated 250,000 and 235,000 lambs on
feed, respectively, in 2020 (USDA NASS 2021). Like the U.S. sheep inventory, the
average per capita consumption of lamb in the U.S. has continued to decline and was
below 1 pound per person in 2015 but has increased to 1 pound as of 2020. This is
especially concerning considering Americans consumed an average of 34.1 kg (75.1
Ibs) of poultry, 23.3 kg (51.4 1bs) of beef, and 21 kg (46.3 Ibs) of pork available per
person in 2015 (USDA ERS 2017). Efforts to promote American lamb, especially
within the younger, more diverse U.S. population, have increased in recent years.

There are many reasons, both anecdotal and substantiated, for the contraction of
the U.S. sheep industry. Throughout most of the history of domestic and international
sheep production, wool was the major product, and sheep meat was, more or less,
a byproduct (USDA ERS 2004). With technological advances in the 1960s, less
expensive manmade fibers began to outcompete wool in the textiles market. Since
then, sheep-producing nations have mostly switched their emphasis to improving
lamb production while maintaining a quality wool clip. Although the U.S. is the
largest meat and poultry consuming nation globally, attempts to promote lamb and
increase its consumption have largely been unsuccessful. Despite these realities,
sheep production in the U.S. can still be quite profitable. For example, it was estimated
that the typical Wyoming region sheep operation had an average profitability of
$28.11 per ewe per year from 2010 to 2015 (LMIC 2016), the equivalent of a per
cow profitability of $140.56 per year.
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4.1.2 Public Land Ownership in the Western U.S.

Western livestock industries are also dependent on the continued use of public lands
for livestock grazing. Most ranches have a mosaic of pastures and rangelands (both
private and public) that provide the resources for a 12-month forage resource base.
Approximately 20% of the animal unit months for western livestock production
are derived from public lands. While that may not seem like a large amount, when
one considers that 60% of beef production is derived from ranches of 100 head of
producing cows or more, approximately 1/3 of the forages for these ranches, on
average, come from public lands (four months of grazing). For many areas of the
West, such as the Southwest and lower elevation rangelands in the Great Basin,
many ranches graze public lands for the majority of the calendar year. The greatest
challenge related to public land management is managing these lands for multiple
values and uses. Other values include recreation (hunting, camping, hiking, and
fishing), conservation for wildlife, and the overriding desire to preserve lands for
future generations.

Due to the arid to semi-arid nature of rangelands in the western U.S., these lands
are often more sensitive to disturbance or overuse and, as a result, are more likely
to be damaged by improper livestock use. Currently, livestock producers must be
vigilant regarding public land stewardship and respect other public land values or
services. Current concerns often relate to threatened and endangered species, riparian
area structure and function, and differences of opinion with the public with respect
to other values and ecosystem services. Other significant challenges include the
fate of ranches with significant esthetic and wildlife recreational value. Numerous
ranches that have changed ownership in the recent past have been purchased by
investment groups for their investment and/or recreation value rather than income
from beef cattle production. For these ranches, recreation and esthetic values often
are prioritized over beef production goals. In addition, ranches located in desirable
vacation locations (ski areas, near national parks, close to urban areas) often have
property tax increases that challenge the profitability of the ranch. Many producers in
these types of locations take advantage of conservation easements because of shared
values and the lowering of property taxes.

Many western land grant universities and associated USDA—-ARS research loca-
tions are devoting substantial resources to evaluate grazing as a tool to improve public
and private land vegetation diversity and structure (Bailey et al. 2019). Specifically,
studies with various species of livestock have suggested that targeted grazing could
be a tool to reduce noxious weeds and, in turn, encourage more desirable vegetation.
Likewise, livestock grazing is being used to control fuels to reduce the occurrence
and severity of wildfires on public lands (Davies et al. 2010; Bailey et al. 2019).
Perhaps, the future of public land grazing will focus more on the use of domestic
herbivores to manage vegetation for more desirable outcomes.
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4.2 Great Plains and Western Rangeland Livestock
Management Techniques and Systems

Livestock managers need to provide forage resources for their animals over the
12-month production cycle (Raleigh 1970; Vavra and Raleigh 1976). Most live-
stock operations in the Great Plains and western U.S. utilize spring-time calving
and lambing as the basis of their production cycle. For many beef cattle producers,
calving one to two months before the onset of green forage is preferred because it
matches cow nutrient requirements with forage resources and optimizes the weaning
weights of beef calves. Some producers, however, have moved calving dates to coin-
cide with the onset of green forage to minimize the need for nutritional inputs and
closely match cow requirements with forage resources. These ranches will often
retain weaned heifers/steers to capture body weight gain during the backgrounding
or yearling stage of production.

Great Plains production systems are designed to optimize the use of forage
resources. Most ranches implement spring calving with the greatest period of nutrient
demand during lactation, coinciding with the onset of spring forage. Spring calving
dates will vary from February/March to May, depending in large part on if the live-
stock/ranch manager plans to market calves as weaned calves or retain ownership and
market as yearlings. These production systems also vary with precipitation amounts
and distribution patterns, as well as vegetation characteristics. Because of the lower
elevations and continental weather patterns, these regions can usually be grazed for
a greater proportion of the year and, as a result, these regions have less reliance on
harvested forages and hays. However, they are often challenged during the winter
period with Arctic storm systems that can dramatically influence production systems
in the region. In fact, weather system extremes often cause substantial problems for
producers in this region and represents significant economic losses.

Great Basin, Intermountain, and Northern Mixed-grass native rangelands are often
grazed in late-spring, summer, and early fall, then livestock are typically brought back
to their base units before the onset of winter conditions. This allows managers to
market calves during the fall/early winter period, provide supplemental feed for the
winter, and manage calving/lambing at or near the ranch’s headquarters. Predators
are an increasing problem for western livestock producers (see Chap. 24: Large
Carnivores). Predation by wolves (Canis lupus) and grizzly bears (Ursus arctos
horribilis) on cattle has expanded in the Intermountain Region, which has increased
the need to manage calving and the early post-partum period to minimize risks
related to predation. Likewise, the rangeland sheep industry struggles with predation
due to large raptors (primarily golden eagles [Aquila chrysaetos]), black bears (U.
americanus) coyotes (C. latrans), mountain lions (Puma concolor), and wolves. The
timing and location of lambing are a challenge for these producers, with an increasing
need for security for the animals during the most vulnerable part of their production
cycle. The use of guard dogs and other security measures has increased dramatically
in recent years (Mosley et al. 2020).
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One of the significant management challenges for Great Plains and Western live-
stock producers is selecting animals that optimize production in limited nutrition
environments. The ideal ewe/cow can convert forage resources to pounds of lamb/
calf weaned with minimal supplemental nutrients and be reproductively successful.
In addition, animals that fit the physical requirements of extensive remote rangeland
sites are often preferred. Low-to-moderate milk production and moderate body sizes
are often preferred with beef cattle because of the rugged terrain and limited nutri-
tion. In the Great Plains, producers often have less challenging terrain and increased
forage production, however, the quality of forage with significant warm season forage
component is of lower quality compared to cool season forages, which necessitates
the need for supplemental inputs. Strategic supplementation is critical in utilizing
low-quality high-fiber forages during the fall and winter grazing period (DelCurto
et al. 2000). Likewise, sheep breeds with greater flocking instincts and wool traits
are preferred over larger carcass-based breed types. Crossbreeding to create heterosis
and, as a result, increased vigor is beneficial to both livestock industries. For both
sheep and cattle industries, selection for good feet and legs as well as other physical
attributes for an animal that can traverse rugged terrain over several years without
physical breakdown are important selection criteria.

Finally, most of the Great Plains and western livestock industry is moving to 12-
month management systems that reduce the need and reliance on harvested forages
(hays; Putman and DelCurto 2020). The cost of equipment and labor associated
with haying are major challenges for beef producers in these regions. Moving to
management systems that extend the grazing season into the late fall and winter period
reduces the need for additional labor, equipment, and reliance on fossil fuels in the
production system, which align with current and future trends in animal agriculture.

4.3 Wild and Domestic Ruminant Ecology

Ruminant animals, both wild and domestic, have co-evolved with grasslands for
millions of years (Van Soest 1994). As a result, ruminants have an important func-
tion in grassland ecosystems. Most wild populations of ruminants occupy unique
ecosystem niches that co-exist with other ruminants, allowing for sustainable main-
tenance of wildlife populations and the grassland ecosystems that are essential for
their survival. Likewise, understanding how domestic ruminants co-exist with wild
ruminants on rangelands is important for long-term management of both wild and
domestic animal populations (McNaughton 1985).

Ruminant animals vary in respect to their ecological niche, and, as a result, so
does their dietary selection strategy and associated digestive physiology (Fig. 4.2;
Cheeke and Dierenfeld 2010). Generalist grazers are larger in body size (specifically
ruminal-reticular size) relative to intermediate and selective grazers. In addition,
grazers such as bison (Bison bison) and cattle have large muzzles, dentition adapted
to optimize bite size, and large ruminal-reticular size or volume to accommodate
larger fill and greater ruminal fermentation retention time (Cheeke and Dierenfeld
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Plant Parts Leaves and low-fiber stems  Plant parts with low fiber Whole plants
% Body Weight Rumen/Reticulum 10 to 15% 15 to 20% 20 to 30%
Grazing Bouts (per day) 10to 15 5to 10 2to3
Time Spent Ruminating Low Intermediate High
Tolerance to High Fiber Low Intermediate High
Ruminal Retention Time Short (< 24 hours) 24 to 36 hours 36 to 96 hours
Ruminal Papillae Surface Area High Intermediate Low

Fig. 4.2 Ruminant dietary preference and physiologic attributes. Ruminants have co-evolved with
grasslands to occupy unique ecological niches (adapted from Cheeke and Dierenfeld 2010)

2010). Furthermore, larger grazers primarily exhibit diurnal grazing patterns with
two to three grazing bouts per day and have a greater reliance on rumination to assist
with the breakdown of high-fiber, low-quality forage resources (Van Soest 1994).
These animals have a general preference for grass and “grasslike” species such as
sedges even when available forbs and shrubs are of higher nutrient composition
(Clark et al. 2013; Damiran et al. 2019). Simply put, these animals have evolved
to consume high-fiber, low-quality forages and their ecological niche relates to the
optimal use of vegetation with moderate to high levels of cellulose (Van Soest 1994).

In contrasts, selective and intermediate ruminants require higher quality diets and,
as a result, have feeding strategies that only use grasses when young and succulent
(Fig. 4.2). Rumen size relative to overall body size is smaller and their digestive
physiology is adapted to more specialized diets demonstrated by smaller muzzles,
increased frequency of grazing bouts, reduced reliance on rumination, and the ability
to optimize the use of moderate to high quality vegetation (Van Soest 1994; Cheeke
and Dierenfeld 2010). In a study evaluating mule deer (Odocoileus hemionus), Rocky
Mountain elk, and cattle diets; Damiran and co-workers (2019) found that cattle
primarily selected for grasses whereas mule deer and elk diets focused on forbs and
shrubs when late summer grazing in mixed-conifer forest understories. In addition,
estimates of dietary quality suggested that cattle selected the lowest quality diet but
with greater intake rates (grams per minute) than Rocky Mountain elk (intermediate)
and mule deer (selective) diets. The difference in dietary strategies suggest that these
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animals have minimal dietary overlap and manipulations of these ruminant popula-
tions can influence vegetation successional dynamics. In addition, the difference in
dietary strategies also relate to the species tolerance or ability of ruminal microbes to
break down fiber (cellulose). Understanding the distribution and use of all grazers on
the landscape is important in designing management systems that optimize vegetation
and wildlife diversity.

All ungulates graze selectively, so across a given landscape, there are plants
grazed and those ungrazed. A large number of studies show persistent heavy grazing
during the growing season decreases the competitive ability of grazed plants (Augus-
tine and McNaughton 1998). Grazed plants may lose vigor and even die, either
scenario giving ungrazed plants the competitive opportunity to increase. Conse-
quences include a decline in palatable plant species production (Hobbs 1996) and a
shift in plant community composition to unpalatable or invasive plants (Augustine
and McNaughton 1998). A simultaneous decline in animal production may occur
due to the lower nutritional value of the forage crop. Thus, season of use plays a vital
role in the maintenance or decline of forage plants and plant communities.

Timing, duration, and intensity of grazing all interact to impact the health of
forage plants. In the Intermountain West, continuous season-long grazing will nega-
tively affect forage plants (Milchunas and Lauenroth 1993), given summer drought
limits the opportunity for regrowth. However, when grazing duration is limited,
there is often the opportunity for regrowth (Ganskopp et al. 2007). The amount
of regrowth is probably dependent on soil moisture and plant species. However,
Ganskopp et al. (2007) found no relationship between soil moisture and regrowth
but did notice some species regrew better than others did. Grazing northern Great
Basin grasses during vegetative, boot stage and flowering caused respective declines
in fall standing crop of 34%, 42%, 58% in one year and 34%, 54%, and 100% reduc-
tions the next (Ganskopp et al. 2007). Ganskopp et al. (2004) reported similar results
with boot stage-grazed Idaho fescue (Festuca idahoensis), bluebunch wheatgrass
(Psuedorogeneria spicatum), and bottlebrush squirreltail (Elymus elymoides) plants.
The detrimental effects of repeated boot-stage grazing of cool-season grasses are well
documented. From vegetative through flowering stages, a decline in forage quality
occurs, but the grazing animal’s nutritional requirements are met in most cases.

Introduced species with a tolerance for defoliation may be grazed during the
growing season on native ranges deferred until after seed ripening. Crested wheat-
grass (Agropyron desertorum), common in the Intermountain West, provides such an
option. During the growing season, nutritional quality and palatability are adequate
(Cruz and Ganskopp 1998) for livestock production. Care must be taken not to
underutilize crested wheatgrass as the development of “wolfy plants” and decreased
grazing efficiency of the affected pasture could occur (Ganskopp et al. 1992; Romo
1994). In a study conducted on the Zumwalt Prairie, a remnant of the Palouse
Prairie, Wyffels and DelCurto (2020) reported the bunchgrass prairie contained 13%
non-native species (Kentucky bluegrass [Poa pratensis], intermediate wheatgrass
[Thinopyrum intermedium], and brome species (Bromus spp.)) and these species
accounted for 20-50% of the botanical composition of cattle diets during the late
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spring early summer grazing period. The results of these studies suggest that non-
native species can be used to reduce herbivory of native bunchgrasses, which would
be particularly beneficial during the growing season when native bunchgrasses are
most vulnerable to the negative effects of defoliation.

Once the forage plant has completed its life cycle for the year and seed has been
produced, grazing has little effect on the plant’s physiological well-being unless it
is overly excessive (Holechek et al. 1998). However, plant residue during dormancy
plays a critical role in protecting the plant. Hyder (1953) found maintaining 200 kg/
ha of residual forage maintained or improved range conditions on most sites in
southeastern Oregon. Late summer, fall, and winter grazing may be practiced on
ranges requiring an improvement in vigor. Unfortunately, the forage’s nutritional
quality by late summer is marginal and may decline further as fall progresses. This,
in turn, will result in the livestock/range manager providing supplemental inputs for
optimal livestock production.

Grazing impacts may also influence seed production, establishment, and survival
of young plants and longevity of older plants. Miller et al. (1994) summarized these
impacts. Heavy grazing generally decreases seed production. Young plants, one to
two years old, are the most susceptible to mortality caused by grazing. The longevity
of plants is variable and dependent on species and grazing history. Heavy grazing
effects have generally been compared to no grazing. The impacts of light to moderate
grazing have not been adequately described. Given proper stocking rate control and
a grazing system that provides growing season rest, these impacts can be mitigated.

Grazing bunchgrass communities during dormancy creates additional challenges
for land managers and ranch managers. Grazing distribution can become problem-
atic when riparian areas are green and upland communities are dormant (Parsons
et al. 2003; DelCurto et al. 2005). Use of pastures without sensitive riparian areas is
encouraged (also deferment or rest), as well as the use of management tools to move
cattle away from riparian communities. These tools may include “off-stream” water
(Porath et al. 2002), herding, and strategic use of supplements (Bailey et al. 2001;
Tanaka et al. 2007). More recently, research efforts have focused on new technolo-
gies utilizing electronic animal identification (EID), global positioning systems and
activity monitors to observe and manage livestock distribution on extensive range-
land ecosystems (DelCurto and Olson 2010; Bailey et al. 2021). Fenceless livestock
systems using GPS technology have been demonstrated to be effective in managing
cattle grazing in extensive environments (Ranches et al. 2021; Boyd et al. 2022). In
addition, these systems have also been effective in protecting areas recently burned
from grazing without the need for temporary fencing (Boyd et al. 2022).

Annual grasses, with cheatgrass (Bromus tectorum) being the most notable, are
usually managed to disrupt physiological processes and prevent seed production
or even kill the plants. Cheatgrass provides adequate nutrition after germination in
the fall and early spring (Cook and Harris 1952), which coincides with the species
sensitivity to grazing effects.
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4.4 Grazing Systems and Season of Use

When evaluating the impact of domestic livestock on pastures and grasslands, one of
the most important aspects is the management of grazing which is commonly referred
to as “grazing systems.” The actual grazing management on a given ranch often incor-
porates multiple types of grazing system approaches. In addition, grazing systems
are generally specific to a geographic area with unique vegetation communities that,
in turn, have unique needs with respect to the maintenance or improvement of that
plant community (Table 4.2). For more detailed information on grazing systems,
outstanding reviews have been provided by numerous authors (Holechek et al. 1998;
Fuhlendorf and Engle 2001; Heitschmidt and Taylor 2003; Kothmann 2009; Briske
et al. 2011; Holechek et al. 2020).

Grazing systems have been initiated with the explicit purpose of manipulating the
season of use so that periodic rest or deferment occurs during the growing season.
The main goal is to allow forage plants to periodically complete their annual growth
cycle and replenish nutrient reserves without being defoliated. It is generally unrea-
sonable to expect stocking rates to be increased when moving from a season-long
grazing pattern to a grazing system (Holechek et al. 1998). Typical systems used
in the Intermountain West are deferred rotation and rest rotation. In some cases,
other specialized systems may be used or the aforementioned modified for a specific
goal such as riparian zone restoration. Specialized systems, such as intensive early
stocking, have been developed with a focus of optimizing stocker cattle weight gains
per acre (ha) in more productive rangelands such as the Tallgrass Prairie (Smith and
Owensby 1978; Owensby and Auen 2018).

For the Great Plains Region, grazing system recommendations often differ from
the more arid regions in the western U.S. Specifically, continuous grazing is often
recommended for the Tallgrass Prairie and regions of the Mixed-grass Prairie
(Fuhlendorf and Engle 2001; Briske et al. 2011). In general, these rangeland ecotypes
usually are more homogeneous with less vegetation and topographic diversity on
a landscape basis as compared to the more westerly regions of the U.S. Grazing
encourages greater heterogeneity of the vegetation and, as a result, may provide
more diverse habitat opportunities for wildlife. In addition, the greater precipitation
and fire frequency potential for this region result in a more resilient and productive
rangeland system.

For many plant species in the Intermountain West, the most critical period for detri-
mental grazing effects is floral initiation through the development of seed (Holechek
et al. 1998). This period is critical because the plant’s demand for photosynthetic
products is high, and the opportunity for regrowth is low due to declining soil mois-
ture conditions in arid and semi-arid rangeland communities. As a result of repeated
grazing at this time, the capacity of forage plants to produce both root and shoot
growth the next year may be diminished, especially if the plants are heavily grazed.
The development of modern grazing systems incorporates this knowledge of plant
physiology, and animal behavior, so physiological damage to forage plants is mini-
mized. Unfortunately, the best time to graze to maximize animal production is when
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forage plants are green and growing. Modern grazing systems incorporate use during
the growing season in some years to foster animal performance and annual rest or
growing season deferment during other years to allow forage plants to maintain vigor
and reproduce.

Most of the western U.S. is characterized as having a short grazing history and
suffers from a lack of seasonal rainfall, so forage plants are more susceptible to
physiological damage from grazing (Milchunas and Lauenroth 1993). Additionally,
with season-long grazing in large landscape pastures, animals have preferred grazing
areas, and these patches may be heavily impacted by grazing animals while others are
underutilized (Teague and Dowhower 2003). These areas typically occur near water
and where forage is plentiful. Even under light stocking, these areas will receive
excessive use (Holechek et al. 1998; Teague and Dowhower 2003). In contrast, the
Great Plains represent vegetation communities that co-evolved with grazing rumi-
nants (bison, elk, deer, pronghorn [Antilocapra americanal, etc.). As a result, the
level of use and impact of herbivory on the plants and plant communities differs
from the more arid rangelands of the Intermountain West.

Deferred rotation grazing involves not grazing at least one pasture during the
growing season. The simplest form is a two-pasture system where each pasture is
deferred during the first half of the grazing season every other year (Holechek et al.
1998). Vegetation response under this system has been slightly better than season-
long grazing on bunchgrass ranges (Skovlin et al. 1976). Under rest rotation grazing,
one pasture receives a year of nonuse while grazing is distributed among the other
pastures in the system (Hormay 1970). For much of the western U.S., a typical rotation
system is made up of three or four pastures used during the late spring to early fall
period. The rested pasture receives use after the growing season the year following
rest. Rest rotation grazing resulted in Idaho fescue’s improved vigor compared to that
grazed season-long (Ratliff and Reppert 1974). The development of grazing systems
must include the critical economic component. Grazing systems generally involve
either substantial initial investment in fences and water developments or significant
annual expenditures for increased herding of livestock. The benefits of developing
grazing systems must be compared to the costs of instituting these systems.

Critical to the success of a rotation grazing system is stocking rate control
(Holechek et al. 1998). Depending on the number of pastures in the system, more
animals are concentrated in one pasture than if the entire range was used season-long
or continuously. However, most rotational grazing systems do not change stocking
rate when expressed on a season long basis with the stock density increase being a
function of the number of pastures. Increases in stocking rate over season-long levels
may not be practical. Holechek et al. (1998) reviewed the literature and reported
that stocking rates for livestock in the Intermountain West should be established,
resulting in 25-40% utilization of preferred forage species. Failures of rotational
grazing systems are usually related to heavy stocking rates (Holechek et al. 1998).
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Rangelands dominated by annual grasses like cheatgrass require entirely different
grazing systems to ensure maintenance or restoration of the perennial plant commu-
nity. Mosley and Roselle (2006) provide insight into the design of a targeted grazing
system for cheatgrass:

Targeted grazing can be used to disrupt fine fuel continuity and reduce fuel loads.
Annual invasive grasses can be suppressed when livestock grazing reduces the
production of viable seeds.
Seedheads of invasive grasses must be removed while the grasses are still green.
It may be necessary to graze annual grasses two or three times in the spring.
In mixed stands of annual grasses and perennial plants, livestock should be
observed closely to avoid heavy grazing of any desirable perennial plants.

e Livestock perform well on annual grasses in the spring, producing weight gains
similar to those from uninfested ranges.

e Targeted grazing can be integrated with prescribed fire, herbicides, and mechanical
treatments to improve efficacy of control.

e Applying targeted grazing before artificial seeding can help in restoration efforts.

Targeted grazing systems designed to suppress invasive annual species should
be an area of focused research because the threat to ecosystem integrity is great.
Targeted grazing differs from traditional grazing management in that the goal of
targeted grazing is to apply defoliation and/or trampling to achieve specific vege-
tation management objectives such as reduction of a noxious/invasive plant species
(Bailey et al. 2019). By using specific dietary strategies of grazing ruminants, range-
land managers can exert pressure on individual plants by herbivore defoliation and,
as a result, move the vegetation community towards a more desirable plant commu-
nity composition (Lehnhoff et al. 2019). In addition to targeted grazing of cheat-
grass, research has shown promise with targeted grazing on invasive annuals such
as medusahead rye (Taeniatherum caput-medusae; DiTomaso et al. 2008; Brownsey
et al. 2017). In contrast, species such as ventenata (Ventenata dubia) have been
more challenging because of extremely low palatability regardless of growth stage
(McCurdy et al. 2017). Other notable species would include potentially toxic range-
land plants such as larkspur (Delphinium spp.) where early sheep use has been shown
to decrease the risks with subsequent cattle grazing (Pfister et al. 2010).

As mentioned previously, mixed species grazing may have management applica-
tions where multiple herbivore species with divergent dietary strategies may more
uniformly use diverse vegetation communities (Walker 1997). Understanding distri-
bution patterns of grazing ruminants as a function of season, weather extremes, and
dietary strategies will be important in accounting for the impact of wild and domestic
ruminants on rangeland landscapes and vegetation communities. Both domestic live-
stock and wildlife have been demonstrated to modify riparian vegetation which, in
turn, may alter riparian hydrologic function (DelCurto et al. 2005; Averettetal. 2017).
Additionally, one of the most important considerations is how ruminants modify plant
communities and, in turn, how that influences fire ecology. Riggs and co-workers
(2015) suggested that historical herbivory modifies future biomass and fire behavior
over time. Specifically, multi-species herbivory lengthens the landscape fire-return
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interval for most vegetation communities. However, the effects are site-specific, and
contingent on future climatic conditions and fire-suppression efforts.

4.5 Ruminant Animal Grazing Behavior

Most of the arid to semi-arid rangeland in the western U.S. is used as extensive
pastures with ample opportunity for livestock to freely disperse over areas of diverse
topography. Generally, animal use is first influenced by abiotic factors such as
distance to water and slope (Coughenour 1991). Other factors are more subtle but
important to predict animal distribution on the landscape. Early season use often
leads beef cattle to use south-facing aspects or areas with early-maturing annual
grasses (DelCurto et al. 2005). These sites are often the first areas to initiate growing
and provide areas of the highest nutrient density per bite early in the grazing period.
Deeper-rooted perennials such as bluebunch wheatgrass and Idaho fescue may be
preferentially selected over Sandberg bluegrass (Poa secunda) due to the ability to
remain green longer than the more shallow-rooted grass.

Grazing distribution patterns on diverse landscapes also indicate that cattle often
prefer to do most grazing away from cool air sinks such as riparian meadows when
phenology of the upland forage is vegetative (Parsons et al. 2003; DelCurto et al.
2005). In recent studies evaluating the botanical composition of diets among diverse
plant communities, beef cattle showed strong preferences for grass species even
though forbs and shrubs may have had a higher nutrient density (Walburger et al.
2007; Clark et al. 2013; Wyffels and DelCurto 2020). Generally, as stocking rate
(use) increases and upland forages become dormant, foraging efficiency decreases
(Damiran et al. 2013). The overall decrease in foraging efficiency may be due
to the inability to find preferred species, resulting in increasing search time and
smaller amounts consumed per bite of the preferred species. Monitoring daily grazing
behavior without measuring forage intake will not provide the meaningful insight
needed to understand the complex interrelationships that exist in the grazing rumi-
nant (Krysl and Hess 1993). Krysl and Hess (1993) also state that harvesting effi-
ciency allows further evaluation of supplementation regimens and the energetic cost
of grazing, which is an essential element in understanding the effects of grazing
behavior on ecosystem function.

The understanding of climate change and climatic extremes is also an important
consideration for both wild domestic ruminants in rangeland ecosystems. Under-
standing how animals respond to drought (Roever et al. 2015) and heat stress is
important, particularly in the management of cattle use near streams (DelCurto et al.
2005). Roever and coworkers (2015) indicated that cattle during drought will consol-
idate distribution patterns with increased reliance on riparian areas. In addition,
research relative to ecological fit of domestic ruminants is important to the optimal
production and use of native rangelands (Sprinkle et al. 2020). Likewise, in the inte-
rior Pacific Northwest, Intermountain West, and upper Great Plains, understanding
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how ruminants respond to cold stress is important for optimal management of land-
scape use and nutrient needs (Wyffels et al. 2019, 2020a, b; Parsons et al. 2021).
When providing supplemental inputs, managers need to focus on optimizing the use
of forage resources as well as encouraging optimal grazing distribution on extensive
rangeland pastures or paddocks. Research in the Northern Mixed-grass Prairie has
demonstrated that supplement intake patterns vary as a function of environmental
extremes and are also impacted by cow age (Wyffels et al. 2020a, b; Parsons et al.
2021).

4.6 Other Disturbance Factors

It is difficult to evaluate wild and domestic animal interactions and impacts on
vegetation diversity without discussing other disturbance factors such as fire and/
or logging. Generally, fire will cause significant declines in forbs, shrubs, and trees
while promoting a grass understory. Similarly, logging will open up the canopy, which
encourages grasses and early successional shrubs and forbs on western Intermoun-
tain forests of North America. Combinations of logging (thinning) and understory
controlled-burns have been shown to improve diets of elk and cattle early in the
grazing season whereas diets in late summer and early fall were lower in quality
with the treated areas (Long et al. 2008; Clark et al. 2013).

In a study evaluating overstory tree type and stand age on understory vegetation
composition and quality by forage classes, Davis and coworkers (2019; Fig. 4.3)
reported only limited differences due to overstory tree type and no differences
due to stand age with respect to vegetation crude protein (CP) and plant fiber
composition (neutral detergent fiber and acid detergent fiber). However, fibrous frac-
tions of the vegetation were substantially lower in the understories of ponderosa
pine (Pinus ponderosa) and Douglas fir (Pseudotsuga menziesii) overstories. In
contrasts, graminoids and non-forested sites (meadows and grasslands) had dramat-
ically higher fiber and lower crude protein in the late summer sampling periods.
Similarly, Walburger and coworkers (2007) reported that timber harvest and previous
herbivory had no effects on the quality of diets selected by cattle. In addition, cattle
grazing forested rangelands in northeastern Oregon preferred a diet that was domi-
nated by graminoids despite the fact that forbs and shrubs had higher CP and lower
fiber content. However, as graminoid production and/or availability decreased, such
as in heavily timbered areas, cattle increased consumption of forbs and shrubs.

4.7 Interactive Effects with Wildlife

Domestic livestock grazing (sheep and cattle) can have both positive and nega-
tive impacts on wildlife habitat. The intensity of use plays a confounding role in
analyzing effects as residual vegetation left after grazing may be a key consideration
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Fig. 4.3 Crude protein and fiber composition of forage growth forms (graminoids, forbs, and
shrubs) from May to September in diverse mixed conifer overstories, meadows, and grasslands
(adapted from Davis et al. 2019)

for wildlife habitat. Limiting grazing to vegetative, boot, or flowering stages may
provide residual forage through regrowth (see previous discussion, Ganskopp et al.
2007). The regrowth can then provide forage and cover for various species of wildlife.
During the boot stage of growth, grazing has been shown to improve the nutritional
quality of forage (regrowth) available to ungulates in the fall or winter (Ganskopp
et al. 2004). However, forage biomass available is less than similar ungrazed forage
(Ganskopp et al. 2007).

Season of livestock grazing can also play a significant role in altering plant
community composition (Severson and Urness 1994). Bitterbrush (Purshia triden-
tata) is a shrub species palatable to wild ungulates including mule deer, elk, and
pronghorn. Ganskopp et al. (1999) reported grazing during the boot stage of bunch-
grasses improved both the diameter and volume of bitterbrush plants, but grazing
after the flowering of grasses resulted in an extensive use of bitterbrush. Previously,
Lesperance et al. (1970) suggested that to prevent overconsumption of bitterbrush on
mule deer wintering range, cattle grazing should be limited to early in the season when
grasses are green and palatable. Early season grazing of meadows allows regrowth
of forbs, potentially improving foraging conditions for sage-grouse (Centrocercus
urophasianus; Evans 1986).

Season of use considerations can be adjusted to critical life events like bird ground-
nesting and pronghorn fawning. This could include deferment to preserve habitat or
grazing prior to the event to create habitat. Moderate and low stocking rates of cattle
grazing during the nesting season on bunchgrass communities in northeastern Oregon
caused no adverse impacts to ground-nesting songbirds (Johnson et al. 2011). These
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stocking rates generally provided suitable habitat for all species studied compared
to the no grazing treatment. However, high stocking rates did not provide suitable
habitat for ground-nesting birds. Stocking rates utilized 9.5 (elk use), 20, 32, and
46% of the available forage, respectively, for zero, low, medium, and high beef cattle
stocking rates.

Domestic livestock and wildlife disease transmission is also a challenge for live-
stock, wildlife, and rangeland management in the future. The most commonly cited
concern is pneumonia transmission from domestic sheep to bighorn sheep (Ovis
canadensis; Wehausen et al. 2011; Carpenter et al. 2014). These authors provide
evidence that contact between domestic and bighorn sheep may be factors in disease
transmission and, in turn, a primary factor in the limited success to re-establish
bighorn sheep populations throughout the West. Others argue that the direct causes
of respiratory disease in wild sheep are not clearly elucidated and, despite the dramatic
decline in rangeland domestic sheep numbers over the past three decades, bighorn
sheep have not recovered. In addition, mortality due to pneumonia is greatest with
early post-partum lambs between 1 and 3 months of age (Cassirer et al. 2013) with
adult bighorn sheep demonstrated to be long-term carriers of pathogens that might
cause pneumonia.

One major area of concern to wildlife in close proximity to domestic sheep is
the transmission of Mycoplasma ovipneumoniae, which is thought to be the agent
that predisposes bighorn sheep to pneumonia (Besser et al. 2008). Mycoplasma ovip-
neumoniae is a respiratory pathogen that infects animals in the Caprinae subfamily
and can lead to secondary infections. While the disease has a global distribution,
the prevalence in the U.S. domestic sheep population has been estimated at 88.5%
of operations with at least one individual testing positive via PCR for M. ovipneu-
moniae (Manlove et al. 2019). While not presented as a major concern for western
domestic sheep production it has been estimated that M. ovipneumoniae at current
prevalence levels is associated with a 4.3% reduction in annual lamb production with
lower average daily gain in lambs exposed (Manlove et al. 2019; Besser et al. 2019).

Exposure to M. ovipneumoniae is primarily the result of interactions between
infected domestic sheep and wild bighorn sheep. Based on experiments that co-
mingled bighorn sheep with domestic sheep free of M. ovipneumoniae and those
infected, the M. ovipneumoniae negative co-mingled bighorn sheep presented a
significantly higher survival rate than those that co-mingled with M. ovipneumo-
niae positive domestic sheep (Besser et al. 2012; Foreyt and Jessup 1982; Foreyt
1989, 1990; Lawrence et al. 2010). This led to significant restrictions on sheep
grazing in bighorn sheep habitats to limit the potential for mass die-offs in bighorn
sheep populations. However, M. ovipneumoniae has been reported in populations of
wild Rocky Mountain goats (Oreamnos americanus) and other species outside the
Caprinae subfamily such as moose (Alces alces), caribou (Rangifer tarandus), and
mule deer which may also serve as transmission pools to bighorn sheep populations
(Wolff et al. 2019; Highland et al. 2018).

Another concern that will certainly increase in the future will be the passive
transfer of brucellosis from bison to elk to cattle relative to the Greater Yellowstone
Ecosystem region (Mosley and Mundinger 2018). Brucellosis infections seem to
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have limited long-term impacts on bison and elk wildlife populations yet could
cause considerable impacts on humans including big game hunters, ranchers, and
veterinarians. Brucellosis, primarily transferred via placental and mammary fluid/
tissue, was largely eradicated with the mandatory pasteurization of milk and milk
products in the 1930s, as well as current “bangs” vaccination programs in the beef
cattle industry. The spread of brucellosis via elk populations, however, has created
considerable concern for the beef cattle industry and wildlife managers. Efforts to
reduce the interaction between elk populations and cattle during the late gestational
stages of elk (March through May) may be key management considerations to reduce
the transmission of brucellosis. In addition, confined winter feeding of elk should be
reconsidered due to the higher incidence of brucellosis in winter fed Rocky Mountain
elk (Brennen et al. 2017).

4.8 Sustainable Livestock Systems of the Future

The Great Plains and Western U.S. rangelands have historically been managed to
accommodate livestock production. However, Congress has altered the framework
that governs land management with the passage of the Multiple Use Act (1968),
National Environmental Policy Act (1969), Clean Water Act (1972), and the Threat-
ened and Endangered Species Act (1973). The continued use of public and private
rangelands across the western region depends on our ability to develop sustainable
systems that maintain or enhance biological diversity of forages, riparian function,
and wildlife. Grazing livestock nutrition and management must develop systems for
economic viability that also maintain biological diversity (vegetation and wildlife)
and the industry’s traditions and integrity (DelCurto and Olson 2010; Fig. 4.4).
Research that is grounded in economic and ecologic sustainability should be encour-
aged and supported. Recent reviews evaluating the management of livestock distri-
bution and applied management strategies for optimal distribution on arid rangelands
provide a relevant background for this discussion (Bailey 2005; DelCurto et al. 2005;
DelCurto and Olson 2010; Bailey et al. 2019, 2021; Holechek et al. 2020).

Future sustainable livestock production systems will need to incorporate signif-
icant management paradigm shifts to be successful. Specifically, optimal use will
be a function of landscape use patterns of livestock and wildlife, where we manage
the vegetation for optimization of biological processes (Vavra 2005). Specifically,
there is a need to focus on the amount of vegetation needed on a landscape (post
grazing) to optimize the success of that plant and plant community with a focus on
photosynthetic processes, and, particularly in arid and semi-arid environments, the
capture, storage and release of water. Optimal use by livestock will necessarily be
related to leaving behind sufficient foliage for the plant to regenerate in the future,
provide sufficient vegetation biomass to maintain or enhance soil organic matter
value, and provide for enhanced soil microbial populations. Perhaps, optimal use
for biological processes will hinge on vegetation remaining rather than vegetation
removed by the herbivore. In addition, future management systems need to account
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Social Acceptability

« quality of life

« values, tradition, and history

* cost per cow per yeas

= esthetic values

+ genetic value added

* marketing programs « water and riparian values

Sustainable Range Beef Production Systems

Fig. 4.4 Sustainable western rangeland livestock production systems will have to embrace
economic viability, ecological integrity, and social values to be successful in the future (adapted
from DelCurto and Olson 2010)

for all herbivores, which will encompass insects to large ruminant generalist grazers,
as well as livestock in respect to forage system management.

Managers need to strive for systems that promote deep-rooted perennial species
that optimize nutritional opportunities for all ruminants, as well as promote healthy
and stable soils for optimal production and water holding capacity. Utilizing
grazing systems/principles that promote desired vegetation succession while still
capturing economic value will be paramount to these efforts (Bailey et al. 2021). In
turn, promoting vegetation that optimizes photosynthetic processes and water use/
conservation, will be more productive and diverse (grass/forb/shrub/tree) providing
greater production and nutritional opportunities for domestic livestock and wildlife.
These systems, in turn, will be more resilient and adaptive to climate change processes
that are especially challenging in western rangeland environments (Holechek et al.
2020). In addition, providing structure for improved habitat cover as well as improved
nutrition opportunities (food) over a greater portion of the year, will benefit both
wild and domestic species with respect to protection from predation, increased
reproductive success and production.

Although we are faced with obvious challenges with respect to sustainable
rangeland management, the integration of knowledge relative to plant responses to
herbivory, herbivore ecology and grazing strategies, and dynamic grazing behavior
patterns will aid in developing better and more sustainable grazing management
strategies (Raynor et al. 2021). The use and application of precision technologies
which will include GPS applications, virtual fencing (Boyd et al. 2022), and activity
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monitors that are downloaded to a cell phone or computer in “real-time” (Bailey
et al. 2021) will be critical technologies of the future. Using domestic livestock to
manage fuels, selectively graze undesirable plant species while minimizing impacts
on desirable plants will be paramount to our success. Future systems will continue
to expand the grazing season, reducing the reliance on fossil fuel and labor, while
promoting less growing season use when deferred and/or rotation grazing systems
are used or fewer animals are grazed in continuous grazing. Simply put, grazing to
promote biological processes with respect to soils and vegetation communities will
provide the most benefit to both wildlife and domestic livestock production.
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Chapter 5 ®)
Manipulation of Rangeland Wildlife i
Habitats

David A. Pyke and Chad S. Boyd

Abstract Rangeland manipulations have occurred for centuries. Those manipula-
tions may have positive or negative effects on multiple wildlife species and their
habitats. Some of these manipulations may result in landscape changes that frag-
ment wildlife habitat and isolate populations. Habitat degradation and subsequent
restoration may range from simple problems that are easy to restore to complex
problems that require multiple interventions at multiple scales to solve. In all cases,
knowledge of the wildlife species’ habitat needs throughout their life history, of
their population dynamics and habitat-related sensitivities, and of their temporal
and spatial scale for home ranges and genetic exchange will assist in determining
appropriate restoration options. Habitat restoration will begin with an understanding
of the vegetation’s successional recovery options and their time scales relative to
wildlife population declines. We discuss passive and active manipulations and their
application options. Passive manipulations focus on changes to current management.
Active manipulations may include removal of undesirable vegetation using manual
harvesting, mechanical, chemical, or biological methods while desirable vegetation
is enhanced through the reintroduction of desirable wildlife habitat structure and
function. These techniques will require monitoring of wildlife and their habitat at
both the landscape and site level in an adaptive management framework to learn from
our past and improve our future management.
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5.1 Introduction

Early hominins likely began manipulating their environment soon after they learned
to control fire between about 1.5 and 0.4 million ybp (Gowlett 2016). They may
have noticed benefits of improved hunting and gathering after wildfires thus leading
to intentional fires to gain those benefits. One of the earliest documented cases of
manipulating habitats for the benefit of wildlife was during the thirteenth century
reign of Kublai Khan (Valdez 2013). Native Americans commonly used fires to clear
lands for wildlife use and hunting (Lewis 1985). The classic example of fire to control
woody plant encroachment onto the tall-grass prairie, benefitted bison among other
ungulate wildlife (Lewis 1985). Europeans as they colonized the Americas applied
their previous experiences generally relying on only conservation on game reserves
and limited hunting controls while generally lacking knowledge on how to manipulate
habitat to benefit wildlife (Leopold 1933).

The early 1900s began an awakening for information on how to actively manage
wildlife, as populations of some wildlife species were declining, and public lands
were being overused. Land improvement began with soil conservation, forest and
grazing management. Leopold (1933) argued these were tools for managing and
improving wildlife habitat. He advocated concepts of plant successional theory of
the day and recognized land manipulations via planting, livestock grazing use and
non-use, fire use and prevention, and mechanical tools (e.g., plowing, mowing, etc.)
for manipulating vegetation in the context of improving or sustaining wildlife habi-
tats. Recent additions to this toolbox include chemical and microbiological treatments
(Pyke et al. 2017). More recently, animal monitoring technology has been useful in
detailing information on what plant communities wildlife species use seasonally.
When managers couple wildlife use locations with functional and structural forma-
tions of plants into communities within landscapes, managers begin to understand
how specific manipulations may improve or decrease a wildlife species’ population.
However, manipulations geared to benefit one species in the ecosystem, may be
detrimental to others with differing habitat requirements (Fulbright et al. 2018).

Understanding animal movements, life history, and habitat use has been greatly
improved by the use of remote sensing and geographic information systems (GIS) that
allows managers to depict animal spatial movements over time. These assist managers
in understanding spatial and temporal elements of wildlife population dynamics and
in understanding the scale at which manipulations to landscapes, whether intended
for the benefit of wildlife or not, may ultimately impact how wildlife use or avoid
certain habitats over time. Depending on the wildlife species even small human
influences, such as power poles, may create roosts for predators and result in potential
prey avoiding surrounding lands, even if the vegetation community provides the
necessary plant species composition to become sufficient habitat (Leu and Hanser
2011). Therefore, it is important for managers to understand landscape scale impacts
of habitat manipulations.

In this chapter, we address important concepts relating to wildlife habitat manage-
ment in rangeland settings through manipulations of plant communities within spatial
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and temporal contexts that align with wildlife habitat requirements. Initially, we
define wildlife habitat in a spatial and temporal context that impacts habitat quan-
tity and quality and discuss the applied ecology of rangeland plant communities.
Lastly, we address the various types of manipulations typically used in rangelands.
Because livestock grazing systems and fire are presented elsewhere in this book
(Chaps. 4 and 6, respectively), we will limit our discussion of these tools to their
uses in manipulating habitat.

5.2 Concepts

Across the world, ecosystems have been fundamentally altered due to current and
historical anthropogenic activities, and the rate of change is increasing (Millen-
nium Ecosystem Assessment 2005). Over the last 100 years, policy making for and
management of wildlife habitat in the United States has seen dramatic change with
respect to both specific issues and the general nature of natural resource management
challenges. Historically, such challenges have related strongly to easily identifiable
disruptions of ecosystem pattern and process that were amenable to policy-based
solutions (Grier 1982; Boyd et al. 2014). While many such policies continue to
play a defining role in topical management of wildlife habitat, new factors such as
climate change and its indirect effects have been associated with broader disrup-
tions of ecosystem processes, creating strong impetus for a more expanded notion of
conserving not just habitats of individual species, but the ecosystems in which those
habitats exist (Benson 2012; Evans et al. 2013). In this section, we synthesize tradi-
tional concepts in conservation of wildlife habitat and explore how these concepts
are developing and changing to meet a new generation of challenges facing stewards
of rangeland wildlife habitat.

5.2.1 Whatis Rangeland Wildlife Habitat?

In its most basic form, the term “habitat” represents where an animal lives, and
resources it uses while there. Those basic resources fall under the categories of
food, water, and cover, which are collectively used by animals to meet basic needs
including survival in the face of predation, amelioration of thermal stress, and meeting
nutritional demands of metabolic maintenance, growth, and reproduction.

Habitat needs of wildlife species play out within spatially and temporally variable
rangeland environments. Because of this variability, wildlife species must not only
occupy a home range that is large enough to contain the habitat needs described
above, but the size of that home range may vary in accordance with yearly condi-
tions (Anderson et al. 2005). Within an animals’ home range, different habitats may
be better suited to specific life history needs (e.g., breeding, summer, or winter
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habitat). The spatial dispersion of these seasonal habitats can create seasonal move-
ment patterns within the larger home range (Connelly et al. 2011). The existence of
seasonal habitats, and movement between these habitats may be related to weather
and climate extremes (e.g., summer vs winter habitat) but is often associated with
spatio-temporal variability in plant phenology and production, in association with
temperature gradients (e.g., elevation) and rainfall distribution patterns (Holdo et al.
2009; Le Corre etal. 2017; Prattet al. 2017). Anthropogenic factors such as infrastruc-
tural development and hunting activities can have strong influence on the geography
of movements between seasonal habitats (Gates et al. 2012; Amor et al. 2019).

Wildlife habitat can be thought of as occurring across a range of conceptual scales,
from the geographical range of a species to the within-site habitat characteristics
important to that species. These scales collectively represent a hierarchy of needs
wherein the importance of smaller scale habitat characteristics is predicated on the
existence of sufficient habitat elements at larger scales (Johnson 1980). At the largest
practical management scale for most rangeland managers, landscape cover refers to
the dominant overhead cover components expressed as a fractional percentage of
landscape area. These data are useful both in large scale management planning and
for assessing links between habitat properties and populations for species with large
home ranges (Aldridge et al. 2008). Generally, landscape cover is measured through
remote sensing where the reflectance of vegetation functional groups (e.g., shrubs,
perennial grasses, etc.) or prominent species dominate the wavelengths of pixels in
images and are used as cover attributes in landscape analyses (e.g., Jones et al. 2018).
These data can also be collated to more broadly determine cover of higher order biotic
and plant associations (e.g., Brown et al. 2007). In addition, contemporaneous tech-
nology surrounding remotely sensed landscape cover is developing rapidly, allowing
for higher resolution data to detect individual species and biological soil crusts (Karl
et al. 2017). Moreover, data storage and retrieval technology has advanced to the
point that retrospective fractional cover estimates are now available going back to
the late 1980s using historical Landsat imagery (Allred et al. 2021) providing the
ability to track temporal variation over larger scales. These data also create a broad
spectrum of opportunities for both managers and researchers to retrospectively assess
the effectiveness of habitat treatment practices and relationships between landscape
cover attributes and population dynamics of wildlife species.

At local scales, a key attribute of habitat is to provide cover associated with
a diversity of needs including nesting, brood-rearing, fawning/calving, breeding,
roosting, and thermal regulation. Cover, generally in the form of vegetation, must
occur in sufficient amounts to allow for species’ survival and reproduction. Cover may
act to decrease visibility of animals and nests (Conover et al. 2010), but can also act
to disrupt air circulation patterns and reduce the ability of predators to find prey using
olfactory cues (Fogarty et al. 2017). Cover also acts as a barrier to thermal extremes
that could otherwise result in decreased fitness or death of wildlife species. For
example, Guthery et al. (2001, 2010) reported that heat stress can result in decreased
breeding activity and even death of northern bobwhite (Colinus virginianus), and
that these consequences can be abated by habitat that serves as thermal refugia. At
the other end of the spectrum, cover can also act to mitigate physiological stresses



5 Manipulation of Rangeland Wildlife Habitats 111

of winter thermal extremes for ungulate species such as mule deer (Odocoileus
hemionus; Webb et al. 2013).

Cover for wildlife comes in two basic structural forms: horizontal and vertical.
Horizontal cover (also known as “horizontal foliar density”) refers to the degree
of interception created by vegetation when habitat is viewed in a horizontal plane.
The degree of interception will vary by height from ground level and the cumulative
horizontal cover profile at a site is often referred to as “vertical structure” (Nudds
1977). Vertical structure can be a good predictor of habitat use by prey species
(e.g., Holbrook et al. 2016) and is also an important determinant of habitat selection
and reproductive success of many avian species (Hagen et al. 2007; Kennedy et al.
2009). Measuring vertical structure is accomplished via the use of a photoboard or
pole painted in contrasting bands; vegetation obstruction of the board or pole (Griffith
and Youtie 1988) is determined at a fixed distance using either digital photography or
field estimates (Nudds 1977; Limb et al. 2007). Vertical, canopy, or foliar cover refers
to the amount of land surface area obscured by vegetation when viewed from above.
Canopy cover shapes wildlife habitat suitability through its influence on shading,
which effects thermal properties of the habitat (Guthery et al. 2010), understory plant
dynamics (Boyd and Bidwell 2002) and microenvironments (Royer et al. 2012), and
is also the primary attribute impacting the ability of a habitat to protect prey species
from overhead predators (Matthews et al. 2011). Canopy cover is also applied to
both vegetation and non-vegetational components of habitat such as rock and bare
ground, which can be important in describing both the ecological context of a habitat,
as well as habitat suitability for some species (Conway et al. 2012; Pyke et al. 2014).
In practice, the thermal and hiding cover afforded by a habitat will be a function of
species requirements and the interactive effect of both horizontal and vertical cover
attributes (Culbert et al. 2013).

A major function of an animal’s habitat is to provide energy and nutrients neces-
sary for survival, growth, and reproduction. Energy and nutrient sufficiency is a
function of both the nutrient requirements of a species, which are subject to temporal
variation in association with life history stage, as well as the dynamics of plant
species composition, nutrient quality, and production in space and time (see discus-
sion of the latter below). Links between animal performance at a given life history
stage and the nutrients/energy provided by the habitat can be both direct and indirect.
Nutritional limitations may directly induce weight loss, result in impaired growth
and development, and decrease reproductive success (Boyd et al. 1996), particularly
during periods of thermal extremes (DelGiudice et al. 1990, 1991). Insufficiency of
nutrients/energy may indirectly affect individual animals and perhaps populations
by negatively impacting physiological status of affected individuals and increasing
the likelihood of mortality from disease or predation (Lochmiller 1996). Abiotic
factors, such as thermal extremes or drought conditions can interactively exacerbate
effects of nutritional limitations of habitats by reducing nutrient/energy availability
and inducing physiological stress that increases an animal’s nutrient/energy demand
(Lochmiller 1996; Dabbert et al. 1997).
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5.2.2 Climate, Weather, and Soil Influences on Rangeland
Communities

Climate and weather factors are critically important in determining plant community
responses to disturbance factors, as well as a plant community’s potential for restora-
tion success. In fact, weather, and to some extent climate variability, are the most
frequent “it depends” caveats associated with generalizations of rangeland treatment
effects or recovery trajectories of associated plant communities. Re-establishment of
desired vegetation following disturbance often fails in rangeland ecosystems (Pyke
et al. 2013) and the likelihood of success has been strongly tied to precipitation
amount (Hardegree et al. 2011), timing, and frequency (Pyle et al. 2021) relative to
the needs of seeded or recovering species, and all of the preceding factors interact
with soil temperature (James et al. 2019) to determine recovery outcome.

Climate and weather have strong effects on rangeland productivity and compo-
sition, and by extension, the manipulation of rangeland wildlife habitats. The term
“climate” refers to the long-term (e.g., averaged across years) patterns of precipi-
tation, temperature, and other atmospheric properties for a given location. Climate
differs from “weather” in that the latter refers to short-term variation (e.g., within
year or shorter) in these same properties. At the continental scale, inter-annual to
multi-decadal oscillations in temperature and precipitation are strongly influenced
by recognizable ocean temperature patterns and circulation (Wang 2021). These
ocean—atmosphere phenomena include the Pacific Decadal Oscillation, the El Nifio
Southern Oscillation, and the Atlantic Multidecadal Oscillation (McCabe et al. 2004;
Guilyardi et al. 2009). While mechanics of how ocean temperature patterns influence
terrestrial climate and weather are beyond the scope this chapter, both the effects and
occurrence of these patterns are somewhat predictable and have been incorporated
into management decision making on rangelands (e.g., Raynor et al. 2020). Climate
is also changing in association with greenhouse gas emissions; predicted changes in
climate, including more frequent droughts and severe weather, suggest that the influ-
ence of climate and weather on rangeland plant community dynamics will increase
over time (Polley et al. 2017) and portend future challenges for management of range-
land plant communities and wildlife habitats. The extent to which ongoing climate
change via greenhouse gas emission is influencing the occurrence of ocean—atmo-
sphere phenomena is not well understood at present. That said, it is likely that some
of the effects of climate change on rangelands (e.g., increased air temperatures) could
interact with ocean-atmospheric associated events such as drought to decrease range-
land plant productivity (Schlaepfer et al. 2017). Alternatively, the ongoing increase
in atmospheric CO, may be differentially increasing the production potential for
some plant species, leading to altered successional dynamics and the potential for
increasing rangeland fuel loads (Ziska et al. 2005). The bottom line is that substantial
uncertainty exists regarding interrelationships between future climate and rangeland
plant communities, reinforcing the need for active and adaptive management of
rangeland wildlife habitats.
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While climate factors associated with ocean-atmospheric events have some degree
of predictability, the predictability of shorter-term weather conditions relevant to
restoration projects or recovery from disturbance has proven more difficult and
the useful accuracy of most forecasting techniques does not extend beyond 7—
10 days (Hardegree et al. 2018). That said, current seasonal climate forecasts provide
some level of generalization of weather conditions for periods up to several months
(Doblas-Reyes et al. 2013) and new, more restoration-oriented products are emerging
(e.g., Bradford and Andrews 2021).

While short-term forecasting of weather can be difficult, qualitative generaliza-
tions of site-associated temperature and moisture potential can be assessed using
abiotic characteristics such as soils, elevation, slope, and aspect. For some range-
lands, soil temperature and moisture regimes have been used by managers to assess
the capacity for plant communities to both recover from disturbances such as fire or
grazing (i.e., resilience), as well as their capacity to resist biotic change due to stres-
sors such as invasive plant species (i.e., resistance; Chambers et al. 2014, 2016a, b).
While these classifications can be useful from a management planning standpoint,
site specific management should take into account current variability in climate and
weather factors as well as biotic conditions of a site (Miller et al. 2014).

Soils quite literally form the biogeochemical foundation upon which rangeland
wildlife habitats and other ecosystem services are built, and specific soil proper-
ties have strong influence on both plant community composition, and the resulting
habitat structure (Evans et al. 2017). Soil texture is a fundamental property of the
soil environment and has a strong role in influencing water availability for plants.
Infiltration of water into the soil profile decreases as soil particle size goes from
coarse to fine (i.e., in order of decreasing particle size: sand, silt, clay; Lowery et al.
1996). Water infiltration into the soil not only provides a supply of water to plants
but also helps to prevent overland flow and surface soil erosion (Evans et al. 2017).
The relationship between water holding capacity, or the ability of soil to trap and
hold water, is inverse to that of water infiltration, with finer textured soils being more
capable of retaining water. The impact of trading water infiltration potential for water
holding capacity is moderated by annual precipitation. In arid regions, coarse soils
can decrease evaporative loss, which off-sets reduced water holding capacity and
increases water available to plants. In more mesic areas with less evaporative loss,
the increased water holding capacity of finer textured soils results in increased soil
water available for plants (Austin et al. 2004; Evans et al. 2017). Soil organic matter
content is correlated positively with water holding capacity and can, to some extent,
moderate the effects of particle size on soil water storage.

Plant species distributions within rangeland habitats are also influenced by soil
chemistry. For example, saline soils support halophytic plants to the exclusion of non-
salt tolerant species, while shinnery oak (Quercus havardii) mottes can create acidic
soil conditions that approximate the pH of forest soils (Wiedeman and Pendound
1960). Soil pH, along with particle size and organic matter, can also modulate
the persistence and efficacy of herbicides; although the specific effects are depen-
dent on herbicide type (Duncan and Scifres 1983). Lastly, soil depth can influ-
ence water storage capacity of a site as well as competitive interactions between
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plants. In general, soil water storage decreases, and competition for belowground
resources increases as depth to restrictive layer (e.g., bedrock) decreases; this accen-
tuates the importance of understanding soil characteristics in predicting manage-
ment outcomes. For example, Miller et al. (2005) reported that with sufficient
rooting depth, perennial bunchgrasses were maintained during juniper (Juniperus
spp.) woodland expansion in sagebrush (Artemisia spp.) steppe habitat, but in shal-
lower soils bunchgrasses declined dramatically or were entirely absent with juniper
expansion.

5.2.3 Rangeland Vegetation Dynamics

Understanding how and why rangeland plant communities and the associated wildlife
habitats change over time allows managers to infer impacts on constituent wildlife,
anticipate and act on opportunities for habitat improvement, and mitigate undesired
changes. Change in rangeland plant communities can be broadly classified in terms
of equilibrium and non-equilibrium succession. Under the non-equilibrium succes-
sion paradigm, vegetation dynamics are driven by stochastic, abiotic factors (e.g.,
precipitation) and herbivore density rarely reaches the level necessary to have strong
impact on successional change in habitat conditions (Vetter 2005). In contrast, equi-
librium succession refers to the idea that changes in plant community composition are
mediated via density-dependent biotic feedbacks between herbivores (i.e., wildlife
or livestock) and plant communities they utilize as habitat.

These paradigms have strong implications to policies relating to land use and
management, and recognizing these differences is more than just an academic exer-
cise. For example, biotic control of successional processes suggests that policies
that control herbivore density (e.g., grazing regulations or wildlife harvest regu-
lations) will stimulate desired changes in habitat conditions. Alternatively, abiotic
control of succession would argue for policies that promote preemptive management
to increase rangeland plant community resilience to episodically-stressful environ-
mental conditions. While equilibrium dynamics undoubtedly play a role in succes-
sional change in some rangeland systems (particularly at small spatio-temporal
scales), non-equilibrium dynamics are now recognized as the driving force behind
plant succession in most rangeland ecosystems (Briske 2017).

Management toward or maintenance of desired habitat conditions involves using
specific tools or processes to manipulate vegetation composition and structure. Equi-
librium and non-equilibrium dynamics can have strong influences on the types of
problems or challenges managers must overcome and implications these problems or
challenges create for management planning and actions. Simple habitat management
problems are those problems with solutions that are relatively invariant in space and
time. From a habitat management standpoint, these problems are typically associ-
ated with plant communities undergoing equilibrium succession (Boyd and Svejcar
2009). For these problems, generalized solutions have broad management utility.
An example of a simple problem might be reducing shrub fuels in an equilibrium
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system using a brush-beating technique. Results of brush beating are likely to be
both successful and predictable in space and time (due to the equilibrial nature of
the system) to the extent that treating 4 ha is synonymous with reducing the size of
the problem by 4 ha for the effective life of the treatment.

Complex habitat management problems are those where the nature of the problem,
and by extension appropriate management actions, will vary depending on the
location and when the action will occur (i.e., space and time; Boyd and Svejcar
2009). Complex problems are usually associated with non-equilibrium succession.
For example, restoration of perennial plants in arid or semi-arid rangeland systems
is typically a complex problem. Choice of management techniques (or whether to
even attempt restoration) in such systems is driven strongly by abiotic factors such
as precipitation and temperature patterns that vary strongly in space and time. In
this case, generalized solutions do not have broad management utility. Instead,
habitat manipulations involving complex problems in non-equilibrium systems
require a diversity of management techniques and tools to cope with a diversity
of abiotically-driven habitat management challenges.

The process of setting habitat management objectives and selecting appropriate
management actions to achieve or maintain those conditions in non-equilibrium
systems can be guided by using state-and-transition models. State and transition
models (Stringham et al. 2003) describe a range of potential plant community phases
that dynamically shift in plant dominance or habitat structure within a relatively stable
state (Fig. 5.1). Shifts, also known as pathways, among community phases within
a state are generally viewed as reversable and influenced by both management and
non-management factors. Movements between states are known as transitions and are
relatively irreversible. Additionally, some states are sufficiently persistent that their
existence represents what could be considered a new “novel ecosystem” (DiTomaso
et al. 2017). For example, the invasion of exotic annual grasses in the Great Basin
region of the United States has created vast areas of rangeland with near-monoculture
abundance of these species. Because these species promote, and can persist in the
presence of increased wildfire, these annual grass-dominated areas are extremely
stable; some consider such areas to be novel ecosystems and suggest a management
focus that recognizes the ecology (and management implications) of this alternative
state as a new reference state (Davies et al. 2021).

Putting it all together, state and transition models represent an organized frame-
work for managing plant communities and their associated wildlife habitats in an
ecologically based manner. In reality, a seemingly infinite number of states could be
present for a plant community assemblage because community phases are repre-
sented as static plant composition, but are merely a gradation of shifts in plant
dominance that occur annually. Thus, the goal of constructing state-and-transition
models for management is to assign this variability into as few states and phases as
necessary so the model is sufficiently practical for management use, while retaining
sufficient complexity to represent ecologically important plant community dynamics.
The utility of these models for managing rangeland plant communities and their asso-
ciated wildlife habitats can be increased by assigning values to states that are consis-
tent with either measured population densities of target wildlife species (Holmes and
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Miller 2010) or assigning qualitative values that represent the likelihood that habitat
structure and plant composition of a state will service year-long or seasonal habitat
needs of target wildlife species (Boyd et al. 2014).

For non-equilibrium rangeland wildlife habitats, knowledge of the plant commu-
nity’s resilience and resistance to disturbance will help define and guide management
options. In this case resilience is defined as the capacity of ecosystems to reorganize
and regain their fundamental structure, processes, and functioning (i.e., to recover)
when altered by stressors like drought and disturbances such as fire or inappropriate
livestock grazing (Holling 1973; Chambers et al. 2016a). Resistance, in turn can be
defined as the capacity of ecosystems to retain their fundamental structure, processes,
and functioning when exposed to stress (e.g., invasive species) or disturbance (e.g.,
fire; Folke et al. 2004; Chambers et al. 2016a). Characterizing the resilience and
resistance of rangeland wildlife habitats involves examining both the abiotic and
biotic environments. There are a host of abiotic factors that influence resilience and
resistance of plant communities including temperature, precipitation, and a wide
variety of soil factors. In practice a useful index to abiotic resilience and resistance
can be created by characterizing soil temperature and moisture regimes across the
area of interest into descriptive categories. For example, Chambers et al. (2014)
characterized resilience and resistance of plant communities within the sagebrush
ecosystem along a gradient from warm and dry to cold and moist; resilience and
resistance increase along this gradient in accordance with increasing elevation and
plant community productivity. These categories can be combined with habitat needs
of a species or groups of species and geospatially depicted to help guide habitat
management at broad spatial scales. For example, Chambers et al. (2016a, b) created
a matrix that included all combinations of low, medium, and high resilience and
resistance, combined with low, moderate, and high landscape cover of sagebrush.
The resulting cells of the matrix create categories that can be geospatially depicted
to guide management planning for the greater sage-grouse at large spatial scales
(Fig. 5.2).

Utility of using resilience and resistance to inform habitat management will be
increased by supplementing knowledge of contributing abiotic factors with current
assessments of biotic properties, particularly at the project implementation scale.
These biotic properties relate to the abundance of plant species within a community
that have disproportionately strong influence on resilience and resistance. A good
example is the influence that native perennial bunchgrasses have on resilience and
resistance of sagebrush plant communities. These species effectively occupy space
and utilize resources within the soil profile such that their abundance is highly and
inversely correlated with probability of invasion by exotic annual grass species that
are prevalent throughout the sagebrush biome (Chambers et al. 2007; Davies 2008).
Thus, the abundance of perennial bunchgrasses can be used as a metric to identify
and prioritize for management those areas within a landscape that are most likely to
experience undesired change following disturbance. Additionally, the pre-treatment
abundance of these species can be used to gauge the potential for unintended and
undesired effects of active management treatments such as prescribed fire (Bates
et al. 2000). At larger scales, assessment of biotic properties important to resilience
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and resistance will benefit greatly from emerging geospatial technologies such as the
Rangeland Analysis Platform (Allred et al. 2021). These technologies not only allow
managers and researchers to assess the abundance of vegetation functional groups
across broad geographies, but can also be used to retroactively explore how plant
communities responded to disturbances and management treatments.

5.2.4 Point-Based Versus Process-Based Habitat
Management

One of the most basic challenges for contemporary rangeland wildlife habitat
managers is to determine the relative priorities associated with management of
ecosystem dysfunction versus the needs of individual species or groups of species of
concern, and determining where those priorities do and do not intersect. As discussed
earlier, the term “wildlife habitat” and by extension, wildlife habitat management,
is an inherently species-specific, and often a life-history phase-specific premise; for
example, we might use prescribed fire as a tool to create plant community structure
suitable for nesting needs of black-capped vireo (Vireo atricapilla). Such manage-
ment has generally been tied to specific micro-habitat requirements representing
point-in-time vegetation conditions. We refer to this as point-based management
(Table 5.1). In the case of vireos, fire can be beneficial to nesting habitats because
this shrub-nesting species is picky about the height of shrubs in which it nests. When
shrubs become higher than a desired height, the habitat is no longer suitable for
nesting (Grzybowski 1995) and fire can be used as a tool to reduce shrub height.
We can therefore think of point-based management as practices applied to specific
geographies that are intended to result in the floristic composition, structure, or
spatial arrangement of plant communities needed to meet specific habitat needs of
a species at a particular moment.

Point-based activities define much of our history with wildlife habitat manage-
ment on rangelands and the attraction to this type of management is multi-fold.
For example, point-based management is easy to administer where land ownership
boundaries define project areas (e.g., on private lands), and knowledge of species
habitat requirements provides a clear picture of desired changes to habitats, which
in turn suggests appropriate tools for the job. That said, if prescribed fire is needed
to maintain proper nesting habitat for black-capped vireos, then how did this species
successfully evolve (i.e., it successfully nested and reproduced) within these habi-
tats for millennia? The answer probably relates to the fact that fire frequency in
black-capped vireo habitat has decreased in modern times, creating conditions that
favor sustained growth of woody plant species (Grzybowski 1995). While point-
based management using prescribed fire may indeed create benefit to geographi-
cally specific vireo nesting habitats, managers should consider whether point-based
habitat deficiencies are merely symptomatic of higher order issues such as declining
fire frequency. This is an important distinction because if local habitat deficiencies
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Table 5.1 Contrasts between form-based and process-based approaches to management of
rangeland wildlife habitats

Characteristic Management type
Point-based Process-based

Goal Modify habitat conditions to align Modify ecosystem processes to
with species habitat requirements create enabling conditions that

influence desired future outcomes

Success metrics | Direct management effects on habitat | Indirect management effects on

composition and structure ecosystem processes
Spatial focus Plant community Landscape
Temporal focus | Short term change Long term change
Diversity of Individual species or small groups of | Groups of species to species guilds
impact species
Frequency of Opportunistic Persistent
management
inputs

are associated with disruption of ecosystem processes like fire, then point-based
treatments may be creating islands of source habitat within landscapes that can act
as habitat sinks and may also serve to obfuscate or even disincentivize manage-
ment of ongoing system-level dysfunction, ultimately leading to reduced ecosystem
resilience (Hiers et al. 2016). Evaluating the importance of local vs. landscape factors
can be guided by frameworks (e.g., Pyke et al. 2015, 2017) that consider the spatial
ecology of primary threats to plant communities and associated habitats, home range
of the target species, types and locations of seasonal habitats, and the likely response
of target habitats based on abiotic characteristics.

When fundamental ecosystem issues such as disruptions in fire frequency are
driving undesired changes to habitat of desired wildlife species, a different manage-
ment paradigm is required. In contrast to point-based management, the goal of
process-based management is to modify ecosystem processes to create enabling
conditions that influence desired future habitat attributes (Table 5.1). Effects of
process-based management will differ from point-management in that they are indi-
rect, often play out at relatively larger temporal and spatial scales, are more likely
to impact a larger number of species, and are likely to require persistent manage-
ment inputs over time. The need for a process-based approach to management of
wildlife habitats is becoming increasingly wide-spread due to both direct effects of
anthropogenic disturbance on ecosystem processes, and through the indirect effects
of climate change (Walker and Salt 2006).

A good example of process-based management would be the conservation of
low to mid elevation sagebrush habitats in the western US. The range of sagebrush
plant communities has decreased dramatically since European arrival due to a variety
of factors including agricultural conversions, oil and gas development, and housing
development. Within sagebrush habitats the spatial footprint of wildfire has increased
dramatically in recent decades, in part due to the dramatic expansion of exotic annual
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grass species such as cheatgrass (Bromus tectorum), which can create near continuous
coverage of fine fuels that desiccate earlier in the growing season than native grasses;
effectively lengthening the fire season. Sagebrush (Artemisia sp.) species within
the region are easily killed by fire (Young and Evans 1978) and are difficult to
restore following fire (Mietier et al. 2018), creating a conservation crisis for a host of
sagebrush dependent wildlife species including the greater sage-grouse (Boyd et al.
2014). Improving habitat conditions for sagebrush dependent wildlife benefits from
a process-based approach to create enabling conditions, namely treatments aimed at
reducing fire occurrence and size, which allow for both active and passive restoration
of degraded habitats, and maintenance of intact habits. As noted above, in the absence
of enabling conditions, point-based restorative treatments run the risk of creating sink
habitats within dysfunctional landscapes, and the benefits of successful point-based
restoration attempts are time limited in accordance with fire dynamics (Boyd et al.
2017). Once enabling conditions have been achieved via process-based management,
point-based treatments can then be used to impact habitats within the landscape to
benefit sagebrush dependent wildlife species (Pyke et al. 2015). This sequencing of
management emphases is consistent with hierarchical habitat selection by wildlife
species (Johnson 1980) and can help bring clarity to management planning and
increase effectiveness of conservation efforts in a growing diversity of complex and
dysfunctional ecosystems.

5.3 Landscape Context for Wildlife Habitat Manipulations

5.3.1 Rangeland Loss and Fragmentation

Rangeland by definition is “land supporting indigenous vegetation that either is
grazed or that has the potential to be grazed, and is managed as a natural ecosystem”
(SRM 1998). Changes in land uses may modify vegetation to maintain a desired
plant community that will benefit the new land use or they can completely replace
the natural ecosystem with a simplified community of plants based on human desires
(e.g., crops). Exurban, suburban, and urban development provide decreasing levels
of natural plant communities with increasing levels of buildings and human infras-
tructure. In northeastern Colorado, ground- and shrub-nesting bird species diversity
declined in density with movement from rangeland to exurban developments and
while domesticated cats and dogs increased along the same gradient (Maestas et al.
2003). In 2019, half of the top ten states in percent population growth were states
with non-federal rural lands dominated by rangelands (Table 5.2). Current range-
land watersheds with the greatest projected housing development through 2030 are
around southern California cities, Las Vegas, Nevada and Phoenix, Arizona and will
result from exurban development (Reeves et al. 2018). Some of this exurban devel-
opment will lead to conversion of farmland to ranchettes, whereas rangelands are
then converted nearly simultaneously to farmlands (Emili and Greene 2014).
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Table 5.2 Top ten states in percent growth of population between 2018 and 2019 (US Census
Bureau 2019; USDA 2020)

Rank | State 2018 2019 Percent growth (%) | Percent of rural land
that is rangeland (%)

1 Idaho 1,750,536 | 1,787,065 | 2.1 36.7

2 Nevada 3,027,341 | 3,080,156 |1.7 85.1

3 Arizona 7,158,024 | 7,278,717 | 1.7 82.9

4 Utah 3,153,550 | 3,205,958 | 1.7 64.7

5 Texas 28,628,666 | 28,995,881 |1.3 59.2

6 South Carolina | 5,084,156 | 5,148,714 | 1.3 0.0

7 Washington 7,523,869 | 7,614,893 | 1.2 21.9

8 Colorado 5,691,287 | 5,758,736 | 1.2 61.1

9 Florida 21,244,317 | 21,477,737 | 1.1 9.9

10 North Carolina | 10,381,615 | 10,488,084 | 1.0 0.0

There is a flux between rangeland and farmland area in some locations of the
US due to economic fluctuations of crop prices, disaster payment, and conserva-
tion incentive policies (e.g., Conservation Reserve Program) to convert farmland
to rangeland and the reverse with consequences to wildlife habitat and populations
(Rashford et al. 2011; Drummond et al. 2012; Smith et al. 2016; Lark et al. 2020).
Coupled with human development comes the need for roads, irrigation, power and
water lines, fences and often changes in the vegetation. These manipulations create
the potential for wildlife habitat fragmentation even when they do not directly impact
the majority of rangeland plant communities (Reeves et al. 2018). This human foot-
print can have substantial impacts on some wildlife species (Leu and Hanser 2011).
For wildlife with large landscape patches of habitat, synanthropic predators of these
wildlife species may increase with greater human activities or infrastructures on the
landscape and threaten population survival of prey species. An example is increased
Corvid predation on greater sage-grouse nests with increased human activity or struc-
tures (Coates et al. 2016). Alternatively, direct losses of habitat for these wildlife prey
species may reduce land available for critical life history stages or may isolate their
populations through removals of corridors between habitat patches.

Past, current, and future social and economic needs have and will continue to shape
land uses, while new technologies may allow spatial placement of land manipula-
tions in habitat-friendly locations minimizing habitat losses while allowing resource
extraction or land uses. For example, horizonal drilling for oil and gas with multi-
bore well pads located on or near existing roads or human infrastructure corridors
(Thompson et al. 2015; Germaine et al. 2020) may minimize wildlife habitat impacts.

Livestock grazing occurs throughout rangelands and infrastructures to manage and
promote livestock production may also impact wildlife. In southern Alberta, Canada,
there are 77% more km of fence than all roads combined including unimproved
roads. For example, fences intended to impede movement of sheep will also impede
movement of pronghorns (Gates et al. 2012) and modelling indicates that fences
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restrict habitat area available to pronghorns (Reinking et al. 2019). Mineral licks,
both natural and human-placed licks are common attractants for wildlife (Kreulen
1985; Robbins 1993). Seasonal gestational benefits of mineral licks are suspected
for some wild ungulates (Ayotte et al. 2006), however recent information indicates
they are potential locations for transmission of wildlife diseases (Payne et al. 2016;
Plummer et al. 2018). Seeps and spring development is another livestock-related
development that has potential beneficial and detrimental impacts for wildlife. Water
developments of springs or seeps that capture and pipe water to troughs may result in
dewatering of these areas and in reducing the wetland vegetation associated with these
sites impacting wetland-dependent wildlife and insects especially in arid rangelands
(Parker et al. 2021). Well-designed water developments that spread water across
landscapes and are available to wildlife may have benefits to some wildlife (Bleich
et al. 2005; Gurrieri 2020).

5.3.2 Broad-Scale Decisions

A review of the literature indicated that only about 10% of terrestrial restoration
projects considered landscape characteristics in locating projects (Gilby et al. 2018).
Considering landscape requirements and threats for wildlife species at a broad scale,
usually greater than a typical size of a restoration project (tens to hundreds of
hectares) can increase effectiveness of vegetation manipulations for creating habitat
that benefits one or more populations of the species.

It is important to recognize that all wildlife species have broad and site scale
habitat needs while simultaneously recognizing that multiple species may overlap
in landscapes and coexist during certain times while other species may use the same
geographic locations, but at different times or seasons. For example, Garcia and
Armbruster (1997) evaluated the U.S. Bureau of Reclamation, Lonetree Wildlife
Management Unit in North Dakota for four proposed habitat manipulations to
improve gadwall (Mareca strepera) habitat while maintaining sharp-tailed grouse
(Tympanuchus phasianellus) habitat. They modelled four scenarios and incorporated
economic costs of manipulations into their results on gadwall and sharp-tail grouse.
Their model was limited to a few populations found on the refuge. Other models
use a regional approach with multiple populations and varying habitats, but these are
rare (Doherty et al. 2016). Rarer still are models that consider optimal locations for
restoration across broad scales (Ricca et al. 2018; Ricca and Coates 2020).

Creating vegetation goals that meet the animal’s vegetation community and struc-
tural needs alone may not create wildlife habitat without considering other landscape
factors that may restrict the animal’s use or movement. For example, the habitat
manipulation goal for a shrub-obligate animal might be to clear trees that are roosting
habitat for predators and to create shrub habitat through releasing understory shrubs
and herbaceous vegetation from competition with trees. But if this cleared patch
is not connected to an adjacent shrub habitat without trees, the animal may never
use the treated area because there is no connection to safe habitat. The vegetation
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objective of clearing trees and releasing shrubs and herbaceous vegetation could be
achieved, but the wildlife objective would not because the manager failed to consider
the connecting landscape of treeless area necessary to provide the animal access to
the cleared patch. A decision framework for landscape-level habitat manipulations
may assist in providing managers with queries to consider for optimizing animal
benefits from habitat manipulations.

5.3.2.1 Does the Animal’s Population Cover a Broad Scale of Land
Types?

Affirmative answers to one or more of the following questions will indicate the
potential that an animal’s range covers a broad scale of land types that some people
refer to as a landscape species.

1. Does the animal depend seasonally on multiple vegetation communities for
population survival?

2. Does the animal migrate seasonally?

3. Isthe animal’s seasonal or annual home range larger than the typical manipulation
project?

4. Will habitat use of a manipulated area depend on current use of adjacent areas?

5. Will spatial gradients of environmental variables impact the achievement of
manipulation goals?

5.3.2.2 Define Regional or Broad Scale Landscape Objectives
for Habitat Manipulations

Landscape objectives should be defined with the knowledge of how to monitor to
determine movement toward or away from the objective over time. These objectives
will likely deal with metrics obtained over large spatial or temporal scales. For vege-
tation components, remotely-sensed data is often used to determine changes in vege-
tation dominance over time and vegetation patch inter-relationships with surrounding
habitat patches. Coupled with vegetation metrics, it would be optimal to determine
any animal population or use objectives related to vegetation manipulations within
treated regions or landscapes (Pilliod et al. 2022). Examples of objectives include:

1. Increase connectivity among populations or seasonal habitat by 5% within the
region in 10 years.

2. Develop a system of fire breaks to protect priority habitat and to maintain no net
loss of habitat and population levels in the region for the next 10 years.

5.3.2.3 Identify Components Necessary to Meet Landscape Objectives

Generally, managers do not have the capacity (physical or financial) to restore all
landscapes and sites that require restoration within region. A priority structure will
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aid planning and hopefully target manipulations to locations within the region where
the likelihood of achieving objectives will be the greatest. This identification process
is a triage of the entire landscape. The first step in this process is to identify data
layers that define landscape or regional objectives for the habitat and the animal.
These objectives and data layers may include, but are not limited to:

1. Increasing connectivity among seasonal habitats or among separated popula-
tions might require maps of existing habitats and barriers for movement between
habitat or populations.

2. Conserving high quality habitat from future threats through risk maps of known
threats (e.g., fire, invasive species, development, climate change).

3. Mapping potential habitat locations for beneficial manipulations.

5.3.2.4 Identify Existing Habitat, Potential Habitat, and Wildlife
Population Trends Associated with Those Habitats

This stage provides data on the current state of populations across the landscape and
the habitat quality of those populations. This information is useful in determining
population strongholds where habitat connections might create new avenues for
genetic exchange among separated populations. Maps of current vegetation relative
to potential vegetation can aid decisions on where manipulations may produce habitat
and create corridors for population interchange. Knowledge of state and transition
successional models and maps of current and potential vegetation and of soils and
their associated descriptions of ecological dynamics may be useful at this stage.

5.3.2.5 Identify Landscapes with Locations that Best Meet Habitat
Criteria

This step is accomplished either through a series of map overlays to examine unions
of spatial criteria or through a series of models using these criteria. Typically, results
are a series of gradations illustrating locations where manipulations are likely to
benefit populations on one end to those likely to negatively impact populations on
the other (Figs. 5.2 and 5.3). Information similar to Fig. 5.2 provides managers
with management options and potential outcomes, while Fig. 5.3 incorporates the
potential outcomes to the animal’s population given other factors that might regulate
the animal’s use of the landscape.

5.4 Site-Scale Habitat Manipulations

Rangeland manipulations conducted at specific sites may be intended for improving
habitat for wildlife or they may have other intended goals (e.g., livestock forage
production, fuel reduction, watershed health) that have wildlife consequences.
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These consequences can range from beneficial to detrimental depending on the
type of manipulation, its extent and intensity, its location relative to other habitat
requirements, and the wildlife species.

Outcomes of rangeland manipulations will depend upon a variety of factors, such
as, treatment objectives, methods and configuration, weather, climate, and post-
treatment management. Ideally, site-level habitat manipulations are formulated with
the idea of providing information useful for adaptive habitat management. We provide
six important considerations for a manipulation to be effective (Pyke et al. 2017).

5.4.1 Develop Site-Specific Management and Sampling
Objectives

Properly written objectives will provide the spatial and temporal elements of the
proposed effective habitat manipulation and will provide guidance for data collec-
tion and level of change necessary to determine manipulation success (effectiveness
monitoring). A properly written habitat manipulation objective typically includes the
following (Elzinga et al. 1998):

1. The target plant species, groups of species, or ecological conditions (e.g., a plant
species, all shrubs, or bare soil) that will be measured to determine success,
Location of the manipulation,

The measurement attribute (e.g., cover, density, height),

The action of change (e.g., increase, decrease, limit, or maintain),

The quantity or qualitative state of the anticipated change,

The time frame for success.

SAINARE e N

5.4.2 Consider Ecological Site Characteristics

Ecological sites comprise “a land classification system that describes vege-
tation, ecological potential, and ecosystem dynamics of land areas” (https:/
www.nrcs.usda.gov/wps/portal/nrcs/main/national/landuse/rangepasture/ Accessed
04/18/2021). This system of land classification was developed by the U.S. Natural
Resources Conservation Service and has become standardized for use across multiple
Federal land management agencies (Caudle et al. 2013). An individual ecological site
is “a distinctive kind of land with specific soil and physical characteristics that differ
from other kinds of land in its ability to produce a distinctive kind and amount of vege-
tation and its ability to respond similarly to management actions and natural distur-
bances” (https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangep
asture/?cid=stelprdb1068392 Accessed 04/17/2021).

Ecological site data for a location are identified through the Web Soil Survey
(https://websoilsurvey.nrcs.usda.gov/ Accessed 04/17/2021) where an interactive
map allows the user to outline an area of interest for the habitat manipulation.


https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/landuse/rangepasture/
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Specific ecological site descriptions (ESD) of individual ecological sites are found
at the Ecosystem Dynamics Interpretive Tool (EDIT; https://edit.jornada.nmsu.edu/
catalogs/esd Accessed 04/17/2021). Each ESD includes a state and transition model
for the ecological site that describes stressors that may shift vegetation dynamics to
alternative stable states.

State and transition models provide information on the vegetation community
dominance in plant community phases in the reference state and in alternative states.
The current vegetation at the manipulation site is compared to these ranges of plant
communities in the array of states in the state and transition models to determine the
potential for a habitat manipulation to achieve the habitat objective. Manipulations
that may drive the community to one of the phases in the references state, as opposed
to those in an alternative state, are most likely to provide the greatest resilience to
further disturbances and resistance to invasive plants (Chambers et al. 2017).

5.4.3 Determine Land Use and Disturbance History

Past, present, and future land uses and the previous disturbance history may provide
managers with information regarding the time period necessary for successfully
achieving habitat objectives. In some cases, previous disturbances or land uses
may have led to the current vegetation at the site and may require changes in
these uses to achieve the objective. Before implementing a manipulation to a
site, managers might consider if previous manipulations have been done to the
site and if those were successful. On Bureau of Land Management property, the
Land Treatment Digital Library provides available spatial information on historic
land manipulations and reports on their success in meeting objectives (https://ltdl.
wr.usgs.gov/ Accessed 04/17/2021). Some disturbances may have led to a loss
of ecological potential through the loss of soil erosion as an example. This loss
of potential may determine whether the proposed manipulation can create the
proposed habitat. Another GIS-based tool to assist managers in making decisions
to move forward with manipulations at a proposed site is the Land Treatment Explo-
ration Tool (https://www.usgs.gov/centers/forest-and-rangeland-ecosystem-science-
center/science/land-treatment-exploration-tool Accessed 04/17/2021).

In addition, Interpreting Indicators of Rangeland Health (Pellant et al. 2020) is
a fast on-site assessment of the soil, hydrology, and biotic potential that can assist
managers in determining if site potential has been lost. Ratings of departures from
reference conditions (the potential for the site) that are more severe than moderate,
especially for soil and site stability and hydrologic function, may provide an indica-
tion that attaining the ecological potential for this location may not be possible; even
with revegetation, the soil or water on the site may no longer function at a level that
can support the potential vegetation and managers may be left with alternative states
and with questions if desirable habitat can be created with ecological processes in
which the site contains.
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5.4.4 Consider the Role of Pre- and Post-treatment Weather

Weather is a critical element in regulating plant responses, but it is outside the control
of the manager attempting to modify or create wildlife habitat. The weather before
a habitat manipulation may dictate existing plant’s vigor which relates to nutrient
status of the plant and the storage of nutrients in stems and roots immediately before
a manipulation that may partially cut or damage plants requiring regrowth after the
disturbance. If the manipulation is intended to reduce the damaged plant for as long as
possible, then weather before the disturbance that reduces the plant’s vigor may delay
regrowth and extend the habitat objective, such as reducing woody plants. However,
if the objective is to increase a group of plants through growth or seed production
and establishment, but plants are in poor vigor, then the disturbance may not achieve
its objective (Hardegree et al. 2012). In the future, models may incorporate past
weather and future weather predictions to assist in projecting plant responses to
habitat manipulation (Hardegree et al. 2016).

5.4.5 Evaluate Plant Removal Methods and Associated
Effects

5.4.5.1 Passive Manipulations

Passive forms of manipulations generally involve changes in current land manage-
ment with an expectation that plant community dynamics will respond with changes
in plant dominance to create the desired wildlife habitat. For example, changes in
livestock management may include changes in stocking rates including elimination
of use, changes in livestock periods of use, distribution, or changes in the type of
livestock grazing the area.

Targeted grazing is a passive form of manipulation where a class of animal
grazes for a set season and duration at a set stocking rate to shift plant species or
lifeform dominance in an area (Frost and Launchbaugh 2003; Bailey et al. 2019).
Targeted grazing for fuel reductions typically require fencing or herding animals to
graze live and standing dead plants that may become fuels for wildfires (Fig. 5.4a).
In addition, animals can learn to feed on plants they may not prefer normally or to
avoid plants they may normally prefer through conscious and subconscious learning.
This type of targeted grazing requires diet conditioning (i.e., training). Conditioning
is a natural process that young animals learn from their mothers in utero or from
milk and then is reinforced by following their mothers and eating the same foods
while experiencing similar flavors and nutritional responses (Nolte and Provenza
1992; Nolte et al. 1992). Diet conditioning can also be used to teach animals to avoid
certain plants (Lane et al. 1990) or novel plants that are previously unknown (Walker
et al. 1992; Dietz et al. 2010). Supplements with polyethylene glycol, protein, and
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energy may increase the use of some plants by animals, but these are species- and
animal-specific (Bailey et al. 2019).

Some evidence suggests that livestock grazing before wildlife arrive to an area
may increase the wildlife forage use of the area. Bailey et al. (2019) document several
studies indicating that livestock grazing improves forage for wildlife. However, most
studies only documented the improved nutrient levels of the forage, not increased
wildlife use of these locations. Crane et al. (2016) provides an exception by demon-
strating increased elk use in areas previously grazed vs. ungrazed by cattle. There
are many hypotheses for creating habitats through restoration and manipulation of
the current environment, but the full set of ecosystem complexities are rarely tested
(Hilderbrand et al. 2005). When manipulating a community to create habitat for
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«Fig. 5.4 a Targeted Grazing—Cattle being used to graze cheatgrass in Nebraska to reduce
cheatgrass seed production and population and help recovery of mid-grass prairie. b Prescribed
Fire—Ruby Lake National Wildlife Refuge uses prescribed fire to reduce undesirable plants
and release desirable vegetation for waterfowl. Mechanical Removal—c Bull Hog masticating
juniper tree in Utah and d Cut, drop and leave is one form of woody plant removal practiced
in Oregon’s Bureau of Land Management lands. e Pelleted herbicide tebuthiuron being used to
thin shrubs in Washington. This same method is used to aerially broadcast seeds for restora-
tion of desirable plants. f Biocontrol—Salt Cedar (Tamarix chinensis) has infested many riparian
areas of the Southwestern US, but introductions of tamarisk leaf beetle (Diorhabda elongata)
(inset) often control this invasive plant. Photo Credits. 4A. Julie Kray, USDA ARS, Fort Collins
Colorado—Photo is in Scottsbluff, Nebraska. 4B. US Fish and Wildlife Service—Ruby Lake
National Wildlife Refuge, Ruby Valley, Nevada https://usfws.medium.com/using-prescribed-fire-
to-improve-habitat-and-save-wildlife-c836453d51b0. 4C. Onaqui, Utah SageSTEP Project site—
Photo by Brad Jessop, Bureau of Land Management Utah 2006. 4D. Middle of Nevada—Photo
taken on June, 2011, Natural Resources Conservation Service media folder—https://www.nrcs.
usda.gov/Internet/FSE_MEDIA/nrcs144p2_036837.jpg. 4E. Moses Coulee SageSTEP project site,
Washington—Photo taken by Scott Shaff, U.S. Geological Survey—November 24, 2008. 4F.
Photo and inset photo from Glen Canyon National Recreation Area, Utah—Photo National Park
Service Photo—Date unknown for both photos. Main Photo—https://www.nps.gov/glca/learn/
nature/images/Tamarisk-Minimally-Impacted-by-TLB-web.jpg; inset—https://www.nps.gov/glca/
learn/nature/images/saltcedar-leaf-beetle. JPG

wildlife, monitoring for wildlife use and ultimately population trends would be
helpful for adaptive management (Pilliod et al. 2022).

5.4.5.2 Active Manipulations

Active manipulations are necessary when passive management changes and succes-
sional processes are inadequate to meet objectives, whether for wildlife or for
other reasons. Active manipulations include fire-, mechanical-, and chemical/
biological/microbial-induced modifications to physical or biological components of
the ecosystem (Fig. 5.4b—f).

Prescribed fires can be useful tools when they remove or reduce undesirable
vegetation and encourage growth and dominance of desirable plants while not making
the community vulnerable to undesirable physical or biological components of the
ecosystem (e.g., soil erosion, hydrophobic soils, invasive plants). Tolerance of and
susceptibility to fire depends on whether the entire plant is consumed by fire and can
regrow after a fire (Pyke et al. 2010). The Fire Effects Information System (FEIS;
https://www.feis-crs.org/feis/ Accessed 21 April 2021) provides information on the
susceptibility of individual plant species to fire; useful information for a manager
deciding whether to use fire for creating habitat.

Prescribed fires are modulated through adjustments in fire: (1) intensity by manip-
ulating fuel amount and packing, (2) duration by the size and cellular density of fuel
or by the fire type (e.g., surface vs. crown fire or backing vs. head fires), (3) extent
and patchiness of burned areas (Pyke et al. 2017). The heat created (intensity) by
fire and duration of that heat will determine its effect on plants and seeds (Whelan
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1995). Larger fires that kill plants with limited seed banks or regrowth mechanisms
will increase the time required for those plants to disperse to the site and recover,
especially for plants with limited dispersal mechanisms. Consult with trained fire
manager in developing fire objectives to meet habitat objectives.

Mechanical and Chemical manipulations (e.g., Fig. 5.4c—e) use several potential
pieces of equipment to modify vegetation on rangelands (https://greatbasinfirescie
nce.org/revegetation-equipment-catalog-draft/ Accessed 21 April 2021). Methods of
habitat manipulations can range from those that remove all plants to those that are
more selective for removing or thinning species or lifeforms. Mechanical equipment
that operates entirely above the soil surface is intended to remove or reduce height and
cover of vegetation. Shrubs with limited resprouting ability or without adventitious or
perennating buds on remaining live, woody tissue will be reduced in dominance more
than those with these resilience mechanisms; similar to the effect of fire (Pyke et al.
2010). The FEIS provides information on resprouting ability of plants. Mechanical
equipment that digs into the soil kills or reduces the dominance of all plant life forms
impacted with the exception of plants with strong adventitious buds on roots or
rhizomes. Some equipment, such as tractor-pulled anchor chains, not only removes
large trees and shrubs, but also remove some herbaceous plants (grasses, grasslike and
forbs) when they dig into the ground. Plows and harrows cause similar effects. These
areas of soil exposure may result in soil erosion and invasive plant establishment and
spread, especially in years immediately after treatment. Before treatment, consider
if invasive plants already exist on the site and might increase and spread with soil
disturbing treatments. Seeding with desirable plants and using herbicides focused on
invasive plants may be necessary to limit invasive species and encourage desirable
plant establishment and growth.

Miller et al. (2014) suggests considering a series of questions to weigh the mone-
tary and ecological costs and benefits of using mechanical treatments to manipu-
late plant communities. These include: (1) will equipment create unacceptable soil
compaction? Wet, fine-textured soils are more susceptible to compaction than dry,
course-textured soils. Mechanical manipulations in the dry season or when soils are
frozen may reduce the severity of soil compaction. (2) Will the mechanical manip-
ulation create unacceptable amounts of mineral soil exposed to raindrop impact and
will these patches be on steep slopes? Bare soil is vulnerable to invasions of undesir-
able plants and to soil erosion. Larger patches of bare soil are susceptible to wind- or
water-induced erosion, whereas the steeper the land’s slope, the greater the potential
for water-induced soil erosion. (3) Will the manipulation disturb biological soil crusts
(biocrusts)? Biocrusts are soil surface lichens, mosses, algae, and cyanobacteria that
adhere to soil particles and protect soil from wind- and water-induced erosion. In
some arid and semi-arid environments, biocrusts can also fix nitrogen for use by
other organisms in the ecosystem (Belnap and Lange 2003). (4) Will the mechan-
ical treatment damage existing perennial grasses and forbs? If the intention of the
mechanical treatment is to reduce woody plants, then the resilience of the remaining
plant community constituents and their resistance to invasive plants is important.
If the mechanical treatment impacts community components that are necessary for
community resilience and resistance, then the resulting community after the treatment
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may achieve its objective of reducing woody plants, but may ultimately degrade the
site through loss of soil or reduced hydrologic capacity. (5) Will the treatment provide
a seedbed for seedling establishment? If a mechanical treatment is accompanied by
a reseeding treatment, then a seedbed for seedling establishment is important, but
recognize that if the community already has invasive plants, the mechanical treatment
may enhance invasive plant establishment and create a competitive environment for
the reseeded desirable plants. (6) Will changing the timing of treatments influence
plant response positively or negatively? Consider what is the optimum manipulation
time to reduce potential negative and maximize positive outcomes.

Herbicides can be selective, affecting only certain plant life forms, or non-selective
(broad-spectrum) potentially affecting all plant life forms. Some broad-spectrum
herbicides can become selective for certain plant groups by manipulating the timing
or application rate. In addition, each herbicide is registered for uses on different
types of lands. Be certain when selecting an herbicide that it is registered for use
on rangelands and follow all label instructions. New herbicides are being tested and
released annually. Work closely with a licensed herbicide applicator in selecting,
planning, and applying an herbicide.

Herbicides rarely eradicate a target plant species or group, but they often reduce
targeted species for a period of time. The removal of a target plant will often leave
a void for other plants to fill. If desirable plants do not fill those vegetation gaps,
undesirable plants, even the original target plant, may re-establish and dominate the
site. Seeding chemically treated areas with desirable vegetation may be necessary in
environments where residual vegetation is not sufficient to fill voids left by removed
vegetation.

Biocontrols are sometimes used to reduce undesirable plants (McFadyen 1998).
Targeted grazing is a form of biological control, but insects are the most common
form of biocontrol of weedy plants. In addition, biocontrols can include microbial
pathogens (e.g., fungi, bacteria, and viruses; Harding and Raizada 2015). Insects are
generally released by hand at a site, while microbes are often applied using methods
similar to herbicide applications since they can be mixed with water, pelletized, or
coated on seeds or degradable inert biological forms such as rice hulls.

Effectiveness of biocontrols has been variable. Effective biocontrols generally do
not eradicate the target plant. Complete elimination of the target would likely erad-
icate the biocontrol agent too. Therefore, biocontrols may reduce undesirable plant
species to low levels and should the target plant increase, the biocontrol’s population
would ideally increase as their food source increases. Provided the biocontrol agent
reduces the target plant, a concomitant objective should be for desirable vegetation
to increase to fill the void left through the death of the undesirable plant.

Revegetation (Figs. 5.4e and 5.5a—d) is used when desirable vegetation popula-
tions are insufficient to provide propagules to fill the void in an adequate timeframe
after undesirable plants are removed. The timeframe will vary depending on the
site’s resilience and resistance; sites with low values often need propagules to estab-
lish and dominate in less than ten years and those with high values having larger
timeframes. Managers may consider whether to seed or plant juvenile plants. Plant
species selected for creating wildlife habitat through revegetation is a union of the
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group of plants defined as habitat species and plants that have the potential for
existing and successfully reproducing on the site. The best source of information for
selecting native species is the ecological site description for the site. Examine the
plant community phases found in the state and transition model and select the plant
community phase that matches the ideal life-forms to provide habitat composition
and structure for the target wildlife species (e.g., trees, shrubs, grasses and grass-like
and forbs). Include in the revegetation mixture plant species that would dominate the
site and are currently in insufficient numbers for the site.

The geographic source of the propagule used in a revegetation project is important
for establishment and for sustaining future generations of plants on the site. Foresters
have known for decades that seed source is important for matching a tree’s genetics
to the environment where it will be grown (Johnson et al. 2004). They use seed
zones for collecting and planting reforestation projects. Rangeland provisional seed
zones are proposed for some regions (Bower et al. 2014; https://www.fs.fed.us/wwe
tac/threat-map/TRMSeedZoneData.php Accessed 04/23/2021) and when used may
improve revegetation success. Climate change has sparked considerations for using
assisted migration techniques to move species or ecotypes within species from lower
to higher elevations or latitudes (Loss et al. 2011). Although these approaches have
been considered hypothetically, they are mostly in the testing phases (Wang et al.
2019).

Plantings and Seedings After selecting the species and propagule source, the type
of revegetation method is determined. Seedings are either broadcasted (Fig. 5.4e;
aerial or ground-based) or drilled (Fig. 5.5a, b). Plantings can come in several forms
(Shaw 2004) and are most often conducted with woody species. Small container-
grown plants are started in greenhouses, hardened to the environment, and trans-
planted at the site with their roots contained within a potting soil. Bare-root plantings
are initially grown in gardens in a loose compost soils, then the plant and roots are
extracted from the soil immediately before planting at the revegetation site. Cuttings
of shrub branches are taken from live plants and the cut branch is planted in the soil
and allowed to root. This is a common technique for shrubs in riparian areas because
branches can produce adventitious roots in moist soil. Wildings are small plants
extracted, with their soil, from an existing site and planted at a new location. This is
a good approach for salvaging plants that might be destroyed where human devel-
opment would require plant removal before development. Planting techniques are
often labor intensive, but may provide greater establishment than plants germinating
and establishing from seeds.

Seeding projects are the most common form of revegetation (Hardegree et al.
2011; Pilliod et al. 2017). Drill seeding is generally considered the most successful
seeding method because the seed drill places seeds at the appropriate depth in the
soil for germination and emergence of the seedling. Broadcasting seeds, when used
alone without other soil disturbing techniques (e.g., anchor chains, or harrows),
places seeds on or slightly above (if litter exists) the soil surface where they are
vulnerable to predation or displacement by wind and water (Stevens and Monsen
2004). Drill seeding often requires some site preparation (e.g., fire) to remove any
larger woody vegetation that would limit the use of a tractor or would bind in the


https://www.fs.fed.us/wwetac/threat-map/TRMSeedZoneData.php
https://www.fs.fed.us/wwetac/threat-map/TRMSeedZoneData.php

5 Manipulation of Rangeland Wildlife Habitats 135

Fig. 5.5 Rangeland drills are designed to seed multiple species at different depths of soil. Tradi-
tional rangeland drill (a) that places seeds in furrows (c). In contrast, minimum-till rangeland drill
(b) leaves the soil flat (d) after placing seeds. Photo credits. a, b, ¢ and d. Location likely Mountain
Home, Idaho in 2006. Photo by US Forest Service. Image currently on Great Basin Fire Science
Exchange, Revegetation Equipment Catalog, but originally in Joint Fire Science Final Report,
Project#07-1-3-12 by Dr. Nancy Shaw, USFS, https://www.fs.usda.gov/rm/pubs_other/rmrs_2011_
shaw_n003.pdf. Photo now found on https://revegetation.greatbasinfirescience.org/wp-content/upl
oads/2021/01/LRangelandDrillRightMinTillDrill_SoilDisturbance_USFS-294x300.jpg

seed drill. If tractors and drills are limited by obstacles or terrain, aerial seeding is
the best seeding method.

Emerging seeding technologies are being tested and may prove helpful in
increasing seedling emergence, establishment, and competition with invasive species
and decreasing seed predation. Coating seeds with hormones to hasten or delay germi-
nation may insure that germination occurs at the ideal time of the season or may
allow a bet-hedging strategy with seeds germinating over a longer timeframe than
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normal (Madsen et al. 2016, 2018; Davies et al. 2018). Seeds encompassed in pellets
with activated carbon may allow simultaneous herbicide applications of preemergent
herbicides to reduce invasive plants while the pellet absorbs and retains the herbi-
cide allowing safe germination of desired species (Brown et al. 2019). Coating seeds
with materials that prevent animals from eating seeds may alleviate seed predation
common with broadcast seeds (Pearson et al. 2019).

Restoration of biocrusts is another emerging field that may become common for
arid and semiarid environments where biocrusts are an important ecosystem compo-
nent for rangeland health. Biocrust production and application are most common for
cyanobacteria that can be commercially increased for applications, whereas research
for moss and lichen restoration is in its infancy (Antoninka et al. 2020).

5.4.6 Effectiveness Monitoring for Adaptive Resource
Management

Adaptive resource management (ARM) is an evolutionary process where the best
management decisions are enacted to achieve desired outcomes (i.e. objectives) and
the outcomes are tested (i.e., monitored) along with environmental variables that
may influence outcomes to determine their effectiveness at one or more timeframes
and across numerous similar sites. If objectives were not met and an alternative
management action is suspected to improve achieving objectives, then the alterna-
tive is enacted and the process is repeated (Fig. 5.6; Reever-Morghan et al. 2006;
Williams et al. 2009; Pilliod et al. 2021). Rangeland manipulations applied to lands
with a goal of improving wildlife habitat should incorporate monitoring the habitat
and the associated wildlife populations to determine if the predicted habitat was
achieved and if wildlife populations are responding in the predicted manner (Pilliod
et al. 2021, 2022). This is not a trivial component of manipulations and often is an
expensive, time-consuming component that requires adequate planning and funds to
accomplish. When done correctly, ARM will incorporate data from multiple sites
using compatible methods and producing adjustments to the previous manipulation
model or to formulate alternative models to improve effectiveness of manipulations
to produce wildlife habitat.

5.5 Conclusions

Manipulations of rangeland ecosystems in the twenty-first century should not be
viewed as impacting singular resources, but rather consider the complexity of the
resource being manipulated and multiple physical and biological components that
may respond to manipulations. Wildlife species may use multiple types of habitats
across large landscapes or they may limit use to a narrow range of conditions in
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Fig. 5.6 Adaptive management begins with assessing the ecological status of current plant commu-
nities as well as factors that limit succession to a more desirable state. In management planning,
objectives are formulated, and important ecological processes determined. These processes suggest
specific management tactics. This information is translated into a spatially explicit plan (Plan Imple-
mentation) that indicates what will be done and where it will occur on the landscape. Following
plan implementation, research and monitoring are used to evaluate management impacts and assess
the validity of assumptions made in the planning process. This adaptive management process links
different conservation elements into an iterative cycle of planning, doing, and learning that allows
for management in the face of uncertainty and is necessary when managing complex problems in
non-equilibrium rangeland ecosystems

small isolated environments. Regardless, rangeland manipulations at a local scale
may influence wildlife at larger spatial extents, therefore, it is important to consider
broad-scale responses even when manipulations are focused at local levels to prevent
unintended consequences to wildlife species from the applied manipulation. Range-
land managers have many tools for planning and implement manipulations with more
tools arriving in the future.

References

Aldridge CL, Nielsen SE, Beyer HL et al (2008) Range-wide patterns of greater sage-grouse
persistence. Divers Distrib 14:983-994. https://doi.org/10.1111/j.1472-4642.2008.00502.x
Allred BW, Bestelmeyer BT, Boyd CS et al (2021) Improving Landsat predictions of rangeland
fractional cover with multitask learning and uncertainty. Methods Ecol Evol 12:841-849. https:/
/doi.org/10.1111/2041-210X.13564

Amor JM, Newman R, Jensen WF et al (2019) Seasonal home ranges and habitat selection of three
elk (Cervus elaphus) herds in North Dakota. PLoS ONE. https://doi.org/10.1371/journal.pone.
0211650

Anderson DP, Forester JD, Turner MG et al (2005) Factors influencing female home range sizes in
elk (Cervus elaphus) in North American landscapes. Landsc Ecol 20:257-271. https://doi.org/
10.1007/s10980-005-0062-8

Antoninka A, Faist A, Rodriguez-Caballero E et al (2020) Biological soil crusts in ecological
restoration: emerging research and perspectives. Rest Ecol 28(S2):S3—-S8. https://doi.org/10.
1111/rec.13201


https://doi.org/10.1111/j.1472-4642.2008.00502.x
https://doi.org/10.1111/2041-210X.13564
https://doi.org/10.1371/journal.pone.0211650
https://doi.org/10.1371/journal.pone.0211650
https://doi.org/10.1007/s10980-005-0062-8
https://doi.org/10.1007/s10980-005-0062-8
https://doi.org/10.1111/rec.13201
https://doi.org/10.1111/rec.13201

138 D. A. Pyke and C. S. Boyd

Austin A, Yahdijan L, Stark JM et al (2004) Water pulses and biogeochemical cycles in arid and
semiarid ecosystems. Oecologia 141:221-235. https://doi.org/10.1007/s00442-004-1519-1
Ayotte JB, Parker KL, Arocena JM, Gillingham MP (2006) Chemical composition of lick soils:
functions of soil ingestion by four ungulate species. ] Mamm 87:878-888. https://doi.org/10.
1644/06-MAMM-A-055R1.1

Bailey DW, Mosley JC, Estell RE et al (2019) Targeted livestock grazing: prescription for healthy
rangelands. Rangel Ecol Manage 72:865-877. https://doi.org/10.1016/j.rama.2019.06.003

Bates J, Miller RF, Svejcar TJ (2000) Understory dynamics in cut and uncut western juniper
woodlands. J Range Manag 53:119-126. https://doi.org/10.2458/azu_jrm_v53il_bates

Belnap J, Lange OL (eds) (2003) Biological soil crusts: structure, function, and management.
Springer-Verlag, Berlin. https://doi.org/10.1007/978-3-642-56475-8

Benson MH (2012) Intelligent tinkering: the Endangered Species Act and resilience. Ecol Soc
17(4):28. https://doi.org/10.5751/ES-05116-170428

Bleich VC, Kie JG, Loft ER et al (2005) Managing rangelands for wildlife. In: Braun CE (ed)
Techniques for wildlife investigations and management. Wildlife Society, Bethesda, pp 873-897

Bower AD, St. Clair JB, Erickson V (2014) Generalized provisional seed zones for native plants.
Ecol Appl 24:913-919. https://doi.org/10.1890/13-0285.1

Boyd CS, Bidwell TG (2002) Effects of prescribed fire on shinnery oak (Quercus havardii) plant
communities in western Oklahoma. Restor Ecol 10:324-333. https://doi.org/10.1046/j.1526-
100X.2002.01021.x

Boyd CS, Svejcar TJ (2009) Managing complex problems in rangeland ecosystems. Rangel Ecol
Manag 62:491-499. https://doi.org/10.2111/08-194.1

Boyd CS, Collins WB, Urness PJ (1996) Relationship of dietary browse to intake in captive
muskoxen. J Range Manag 49:2-7. https://doi.org/10.2307/4002717

Boyd CS, Johnson DD, Kerby JD et al (2014) Of grouse and golden eggs: can ecosystems be managed
within a species-based regulatory framework? Rangel Ecol Manag 67:358-368. https://doi.org/
10.2111/REM-D-13-00096.1

Boyd CS, Kerby JD, Svejcar TJ et al (2017) The sage-grouse habitat mortgage: effective conifer
management in space and time. Rangel Ecol Manage 70:141-148. https://doi.org/10.1016/j.
rama.2016.08.012

Bradford JB, Andrews CM (2021) Ecological drought forecast tool for drylands. https://www.usgs.
gov/news/ecological-drought-forecast-tool-drylands. Accessed 10 Feb 2022

Briske DD (2017) Rangeland systems: foundation for a conceptual framework. In: Briske DD (ed)
Rangeland systems. Springer Series on Environmental Management. Springer, Cham. pp 1-21.
https://doi.org/10.1007/978-3-319-46709-2_1

Brown DE, Unmack PJ, Brennan TC (2007) Digitized map of biotic communities for plotting and
comparing distributions of North American animals. Southwest Nat 52:610-616. https://doi.
org/10.1894/0038-4909(2007)52[610:DMOBCF]2.0.CO;2

Brown VS, Ritchie AL, Stevens JC et al (2019) Protecting direct seeded grasses from herbicide appli-
cations: can new extruded pellet formulations be used in restoring natural plant communities.
Rest Ecol 27:488-494. https://doi.org/10.1111/rec.12903

Caudle D, DiBenedetto J, Karl MS et al (2013) Interagency ecological site handbook for rangelands.
U.S. Department of the Interior, Bureau of Land Management, U.S. Department of Agriculture,
Natural Resources Conservation Service, and U.S. Department of Agriculture, Forest Service,
‘Washington

Chambers JC, Roundy BA, Blank RR et al (2007) What makes Great Basin sagebrush ecosystems
invasible by Bromus tectorum? Ecol Monogr 77:117-145. https://doi.org/10.1890/05-1991

Chambers JC, Miller RF, Board DI et al (2014) Resilience and resistance of sagebrush ecosystems:
implications for state and transition models and management treatments. Rangel Ecol Manag
67:440-454. https://doi.org/10.2111/REM-D-13-00074.1

Chambers JC, Maestas JD, Pyke DA et al (2016a) Using resistance and resilience concepts to
manage persistent threats to sagebrush ecosystems and greater sage-grouse. Rangel Ecol Manag
70:149-164. https://doi.org/10.1016/j.rama.2016.08.005


https://doi.org/10.1007/s00442-004-1519-1
https://doi.org/10.1644/06-MAMM-A-055R1.1
https://doi.org/10.1644/06-MAMM-A-055R1.1
https://doi.org/10.1016/j.rama.2019.06.003
https://doi.org/10.2458/azu_jrm_v53i1_bates
https://doi.org/10.1007/978-3-642-56475-8
https://doi.org/10.5751/ES-05116-170428
https://doi.org/10.1890/13-0285.1
https://doi.org/10.1046/j.1526-100X.2002.01021.x
https://doi.org/10.1046/j.1526-100X.2002.01021.x
https://doi.org/10.2111/08-194.1
https://doi.org/10.2307/4002717
https://doi.org/10.2111/REM-D-13-00096.1
https://doi.org/10.2111/REM-D-13-00096.1
https://doi.org/10.1016/j.rama.2016.08.012
https://doi.org/10.1016/j.rama.2016.08.012
https://www.usgs.gov/news/ecological-drought-forecast-tool-drylands
https://www.usgs.gov/news/ecological-drought-forecast-tool-drylands
https://doi.org/10.1007/978-3-319-46709-2_1
https://doi.org/10.1894/0038-4909(2007)52[610:DMOBCF]2.0.CO;2
https://doi.org/10.1894/0038-4909(2007)52[610:DMOBCF]2.0.CO;2
https://doi.org/10.1111/rec.12903
https://doi.org/10.1890/05-1991
https://doi.org/10.2111/REM-D-13-00074.1
https://doi.org/10.1016/j.rama.2016.08.005

5 Manipulation of Rangeland Wildlife Habitats 139

Chambers JC, Beck JL, Campbell S et al (2016b) Using resilience and resistance concepts to manage
threats to sagebrush ecosystems, Gunnison sage-grouse, and greater sage-grouse in their eastern
range: a strategic multi-scale approach. U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station, General Technical Report RMRS-GTR-356, Fort Collins. https://
doi.org/10.2737/RMRS-GTR-356

Chambers JC, Beck JL, Bradford JB et al (2017) Science framework for conservation and restora-
tion of the sagebrush biome: linking the Department of the Interior’s integrated rangeland
fire management strategy to long-term strategic conservation actions, Part 1. Science basis
and applications. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station, General Technical Report RMRS-GTR-360, Fort Collins. https://doi.org/10.2737/
RMRS-GTR-360

Coates PM, Ricca MA, Prochazka BG et al (2016) Wildfire, climate, and invasive grass interactions
negatively impact an indicator species by reshaping sagebrush ecosystems. Proc Natl Acad Sci
USA 113:12745-12750. https://doi.org/10.1073/pnas.1606898113

Connelly JW, Hagen CA, Schroeder MA (2011) Characteristics and dynamics of greater sage-grouse
populations. In: Knick ST, Connelly JW (eds) Greater sage-grouse: ecology and conservation
of a landscape species and its habitats. Studies in Avian Biology 38:53—67. https://doi.org/10.
1525/california/9780520267114.003.0004

Conover MR, Borgo JS, Dritz RD et al (2010) Greater sage-grouse select nest sites to avoid visual
predators but not olfactory predators. The Condor 112:331-336. https://doi.org/10.1525/cond.
2010.090172

Conway WC, Smith LM, Ray JD (2012) Shorebird habitat use and nest-site selection in the playa
lakes region. J Wildl Manage 69:174—184. https://doi.org/10.2193/0022-541X(2005)069%3c0
174:SHUANS %3e2.0.CO;2

Crane KK, Mosley JC, Mosley TK et al (2016) Elk foraging site selection on foothill and mountain
rangeland in spring. Rangel Ecol Manage 319-325. https://doi.org/10.1016/j.rama.2016.04.001

Culbert PD, Radeloff VC, Flather CH et al (2013) The influence of vertical and horizontal habitat
structure on nationwide patterns of avian biodiversity. Auk 130:656—665. https://doi.org/10.
1525/auk.2013.13007

Dabbert CB, Lochmiller RL, Teeter RG (1997) Effects of acute thermal stress on the immune
system of the northern bobwhite (Colingus virginianus). Auk 114:103-109. https://doi.org/10.
2307/4089069

Davies KW (2008) Medusahead dispersal and establishment in sagebrush steppe plant communities.
Rangel Ecol Manage 61:110-115. https://doi.org/10.2111/07-041R2.1

Davies KW, Boyd CS, Madsen MD et al (2018) Evaluating a seed technology for sagebrush restora-
tion across an elevation gradient: support for bet hedging. Rangel Ecol Manage 71:19-24. https:/
/doi.org/10.1016/j.rama.2017.07.006

Davies KW, Leger EA, Boyd CS, Hallett LM (2021) Living with exotic annual grasses in the
sagebrush ecosystem. J Environ Manage 288:112417. https://doi.org/10.1016/j.jenvman.2021.
112417

DelGiudice GD, Mech LD, Seal US (1990) Effects of winter undernutrition on body composition
and physiological profiles of white-tailed deer. J Wildl Manage 54:539-550. https://doi.org/10.
2307/3809347

DelGiudice GD, Seal US, Mech LD (1991) Indicators of severe undernutrition in urine of free-
ranging elk during winter. Wildl Soc Bull 19:106-110

Dietz TH, Scott CB, Campbell EJ et al (2010) Feeding redberry juniper (Juniperus pinchotii) at
weaning increases juniper consumption by goats on pasture. Rangel Ecol Manage 63:366-372.
https://doi.org/10.2111/08-247.1

DiTomaso JM, Monaco TA, James JJ, Firn J (2017) Invasive plant species and novel rangeland
systems. In: Briske DD (ed) Rangeland systems. Springer Series on Environmental Management.
Springer, Cham. pp 429-465. https://doi.org/10.1007/978-3-319-46709-2_13


https://doi.org/10.2737/RMRS-GTR-356
https://doi.org/10.2737/RMRS-GTR-356
https://doi.org/10.2737/RMRS-GTR-360
https://doi.org/10.2737/RMRS-GTR-360
https://doi.org/10.1073/pnas.1606898113
https://doi.org/10.1525/california/9780520267114.003.0004
https://doi.org/10.1525/california/9780520267114.003.0004
https://doi.org/10.1525/cond.2010.090172
https://doi.org/10.1525/cond.2010.090172
https://doi.org/10.2193/0022-541X(2005)069%3c0174:SHUANS%3e2.0.CO;2
https://doi.org/10.2193/0022-541X(2005)069%3c0174:SHUANS%3e2.0.CO;2
https://doi.org/10.1016/j.rama.2016.04.001
https://doi.org/10.1525/auk.2013.13007
https://doi.org/10.1525/auk.2013.13007
https://doi.org/10.2307/4089069
https://doi.org/10.2307/4089069
https://doi.org/10.2111/07-041R2.1
https://doi.org/10.1016/j.rama.2017.07.006
https://doi.org/10.1016/j.jenvman.2021.112417
https://doi.org/10.1016/j.jenvman.2021.112417
https://doi.org/10.2307/3809347
https://doi.org/10.2307/3809347
https://doi.org/10.2111/08-247.1
https://doi.org/10.1007/978-3-319-46709-2_13

140 D. A. Pyke and C. S. Boyd

Doblas-Reyes FJ, Garcia-Serrano J, Lienert F et al (2013) Seasonal climate predictability and
forecasting: status and prospects. Wiley Interdiscip Rev Climate Change 4:245-268. https://doi.
org/10.1002/wcc.217

Doherty KE, Evans JS, Coates PS et al (2016) Importance of regional variation in conservation
planning: a rangewide example of the greater sage-grouse. Ecosphere 7(10):e01462. https://doi.
org/10.1002/ecs2.1462

Drummond MA, Auch RF, Karstensen KA et al (2012) Land change variability and human-
environment dynamics in the United States Great Plains. Land Use Policy 29:710-723. https://
doi.org/10.1016/j.landusepol.2011.11.007

Duncan KW, Scifres CJ (1983) Influence of clay and organic matter of rangeland soils on tebuthiuron
effectiveness. J Range Manage 36:295-297. https://doi.org/10.2307/3898472

Elzinga CL, Salzer DW, Willoughby JW (1998) Measuring and monitoring plant populations.
Bureau of Land Management, Technical Reference 1730-1, Denver

Emili LA, Greene RP (2014) New cropland on former rangeland and lost cropland from urban
development: the “replacement land” debate. Land 3:658—-674. https://doi.org/10.3390/land30
30658

Evans DM, Goble DD, Scott JM (2013) New priorities as the Endangered Species Act turns 40.
Front Ecol Environ 11:519-519. https://doi.org/10.1890/1540-9295-11.10.519

Evans R.D, Gill RA, Eviner VT, Bailey V (2017) Soil and belowground processes. In: Briske DD
(ed) Rangeland systems. Springer Series on Environmental Management. Springer, Cham. pp
130-168. https://doi.org/10.1007/978-3-319-46709-2_4

Fogarty DT, Elmore RD, Fuhlendorf SD, Loss SR (2017) Influence of olfactory and visual cover
on nest site selection and nest success for grassland birds. Ecol Evol 7:6247-6258. https://doi.
org/10.1002/ece3.3195

Folke C, Carpenter S, Walker B et al (2004) Regime shifts, resilience, and biodiversity in ecosystem
management. Annu Rev Ecol Syst 35:557-581. https://doi.org/10.1146/annurev.ecolsys.35.021
103.105711

Frost RA, Launchbaugh KL (2003) Prescription grazing for rangeland weed management.
Rangelands 23:43-45

Fulbright TE, Davies KW, Archer SR (2018) Wildlife responses to brush management: a
contemporary evaluation. Rangel Ecol Manag 71:35-44. https://doi.org/10.1016/j.rama.2017.
07.001

Garcia LA, Armbruster M (1997) A decision support system for evaluation of wildlife habitat. Ecol
Modelling 102:287-300. https://doi.org/10.1016/S0304-3800(97)00064-1

Gates CC, Jones P, Suitor M et al (2012) The influence of land use and fences on habitat effectiveness
and distribution of pronghorn in the grasslands of North America. In: Somers M, Hayward M
(eds) Fencing for conservation—restriction of evolutionary potential or a riposte to threatening
processes? Springer, New York. pp 277-294. https://doi.org/10.1007/978-1-4614-0902-1_15

Germaine SS, Assal T, Freeman A, Carter SK (2020) Distance effects of gas field infrastructure on
pygmy rabbits in southwestern Wyoming. Ecosphere 11:€03230. https://doi.org/10.1002/ecs2.
3230

Gilby BL, Olds AD, Connolly RM et al (2018) Spatial restoration ecology: placing restoration in a
landscape context. Bioscience 68:1007-1019. https://doi.org/10.1093/biosci/biy 126

Gowlett JAJ (2016) The discovery of fire by humans: a long and convoluted process. Phil Trans R
Soc B 371:20150164. https://doi.org/10.1098/rstb.2015.0164

Grier JW (1982) Ban of DDT and subsequent recovery of reproduction in bald eagles. Science
218:1232-1235. https://doi.org/10.1126/science.7146905

Griffith B, Youtie BA (1988) Two devices for estimating foliage density and deer hiding cover.
Wildl Soc Bull 16:206-210

Grzybowski JA (1995) Black-capped vireo (Vireo atricapillus). In: Poole A, Gill F (eds) The birds
of North America, No. 181. The Academy of Natural Sciences, Philadelphia, The American
Ornithologists’ Union, Washington. https://doi.org/10.2173/tbna.181.p


https://doi.org/10.1002/wcc.217
https://doi.org/10.1002/wcc.217
https://doi.org/10.1002/ecs2.1462
https://doi.org/10.1002/ecs2.1462
https://doi.org/10.1016/j.landusepol.2011.11.007
https://doi.org/10.1016/j.landusepol.2011.11.007
https://doi.org/10.2307/3898472
https://doi.org/10.3390/land3030658
https://doi.org/10.3390/land3030658
https://doi.org/10.1890/1540-9295-11.10.519
https://doi.org/10.1007/978-3-319-46709-2_4
https://doi.org/10.1002/ece3.3195
https://doi.org/10.1002/ece3.3195
https://doi.org/10.1146/annurev.ecolsys.35.021103.105711
https://doi.org/10.1146/annurev.ecolsys.35.021103.105711
https://doi.org/10.1016/j.rama.2017.07.001
https://doi.org/10.1016/j.rama.2017.07.001
https://doi.org/10.1016/S0304-3800(97)00064-1
https://doi.org/10.1007/978-1-4614-0902-1_15
https://doi.org/10.1002/ecs2.3230
https://doi.org/10.1002/ecs2.3230
https://doi.org/10.1093/biosci/biy126
https://doi.org/10.1098/rstb.2015.0164
https://doi.org/10.1126/science.7146905
https://doi.org/10.2173/tbna.181.p

5 Manipulation of Rangeland Wildlife Habitats 141

Guilyardi E, Wittenberg A, Fedorov A et al (2009) Understanding El Nifio in ocean-atmosphere
general circulation models: progress and challenges. Bull Am Meteorol Soc 90:325-340. https:/
/doi.org/10.1175/2008BAMS2387.1

Gurrieri JT (2020) Rangeland water developments at springs: best practices for design, reha-
bilitation, and restoration. U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station, General Technical Report RMRS-GTR-405, Fort Collins. https://doi.org/10.
2737/RMRS-GTR-405

Guthery FS, Land CL, Hall BW (2001) Heat loads on reproducing bobwhites in the semiarid
subtropics. J Wildl Manage 65:111-117. https://doi.org/10.2307/3803282

Guthery FS, Rybak AR, Fuhlendorf SD et al (2010) Aspects of the thermal ecology of bobwhites
in north Texas. Wildl Monogr 159:1-36. https://doi.org/10.2193/0084-0173(2004)159[1:AOT
TEO]2.0.CO;2

Hagen CA, Pitman JC, Sandercock BK et al (2007) Age-specific survival and probable causes
of mortality in female lesser prairie-chickens. J Wildl Manage 71:518-525. https://doi.org/10.
2193/2005-778

Hardegree SP, Jones TA, Roundy BA et al (2011) Assessment of range planting as a conserva-
tion practice. In: Briske DD (ed) Conservation benefits of rangeland practices: assessment,
recommendations, and knowledge gaps. Allen Press, Lawrence, pp 171-212

Hardegree SP, Cho J, Schneider JM (2012) Weather variability, ecological processes, and opti-
mization of soil micro-environment for rangeland restoration. In: Monaco TA, Sheley RL (eds)
Invasive plant ecology and management: linking processes to practice. CABI, Cambridge, pp
107-121. https://doi.org/10.1079/9781845938116.0107

Hardegree SP, Sheley RL, Duke SE et al (2016) Temporal variability in microclimatic conditions
for grass germination and emergence in the sagebrush steppe. Rangel Ecol Manage 69:123-128.
https://doi.org/10.1016/j.rama.2015.12.002

Hardegree SP, Abatzoglou JT, Brunson MW et al (2018) Weather-centric rangeland revegetation
planning. Rangel Ecol Manage 71:1-11. https://doi.org/10.1016/j.rama.2017.07.003

Harding DP, Raizada MN (2015) Controlling weeds with fungi, bacteria and viruses: a review. Front
Plant Sci 6:659. https://doi.org/10.3389/fpls.2015.00659

Hiers JK, Jackson ST, Hobbs RJ (2016) The precision problem in conservation and restoration.
Trends Ecol Evol 31:820-830. https://doi.org/10.1016/j.tree.2016.08.001

Hilderbrand RH, Watts AC, Randle AM (2005) The myths of restoration ecology. Ecol Soc 10:19.
www.ecologyandsociety.org/vol10/iss1/art19/. Accessed 14 July 2022

Holbrook JD, Squires JR, Loson LE et al (2016) Multiscale habitat relationships of snowshoe hares
(Lepus americanus) in the mixed conifer landscape of the Northern Rockies, USA: cross-scale
effects of horizontal cover with implications for forest management. Ecol Evol 7:125-144.
https://doi.org/10.1002/ece3.2651

Holdo RM, Holt RD, Fryxell IM (2009) Opposing rainfall and plant nutritional gradients best
explain the wildebeest migration in the Serengeti. Am Nat 173:431-445. https://doi.org/10.
1086/597229

Holling CS (1973) Resilience and stability in ecological systems. Annu Rev Ecol Syst 4:1-23

Holmes AL, Miller RF (2010) State-and-transition models for assessing grasshopper sparrow habitat
use. J Wildl Manage 74:1834-1840. https://doi.org/10.2193/2009-417

James JJ, Sheley RL, Leger EA et al (2019) Increased soil temperature and decreased precipitation
during early life stages constrain grass seedling recruitment in cold desert restoration. J Appl
Ecol 56:2609-2619. https://doi.org/10.1111/1365-2664.13508

Johnson DH (1980) The comparison of usage and availability measurements for evaluating resource
preference. Ecology 61:65—71. https://doi.org/10.2307/1937156

Johnson GR, Sorenson FC, St. Clair JB (2004) Pacific Northwest forest seed zones. Native Plants
J5:131-140. https://doi.org/10.2979/NPJ.2004.5.2.131

Jones MO, Allred BW, Naugle DE et al (2018) Innovation in rangeland monitoring: annual, 30 m
plant functional type percent cover maps for U.S. rangelands, 1984-2017. Ecosphere https://
doi.org/10.1002/ecs2.2430


https://doi.org/10.1175/2008BAMS2387.1
https://doi.org/10.2737/RMRS-GTR-405
https://doi.org/10.2737/RMRS-GTR-405
https://doi.org/10.2307/3803282
https://doi.org/10.2193/0084-0173(2004)159[1:AOTTEO]2.0.CO;2
https://doi.org/10.2193/0084-0173(2004)159[1:AOTTEO]2.0.CO;2
https://doi.org/10.2193/2005-778
https://doi.org/10.2193/2005-778
https://doi.org/10.1079/9781845938116.0107
https://doi.org/10.1016/j.rama.2015.12.002
https://doi.org/10.1016/j.rama.2017.07.003
https://doi.org/10.3389/fpls.2015.00659
https://doi.org/10.1016/j.tree.2016.08.001
http://www.ecologyandsociety.org/vol10/iss1/art19/
https://doi.org/10.1002/ece3.2651
https://doi.org/10.1086/597229
https://doi.org/10.1086/597229
https://doi.org/10.2193/2009-417
https://doi.org/10.1111/1365-2664.13508
https://doi.org/10.2307/1937156
https://doi.org/10.2979/NPJ.2004.5.2.131
https://doi.org/10.1002/ecs2.2430
https://doi.org/10.1002/ecs2.2430

142 D. A. Pyke and C. S. Boyd

Karl JW, Herreck JE, Pyke DA (2017) Monitoring protocols: options, approaches, implementation,
benefits. In: Briske DD (ed) Conservation benefits of rangeland practices: assessment, recom-
mendations, and knowledge gaps. Allen Press, Lawrence, pp 527-567. https://doi.org/10.2979/
NPJ.2004.5.2.131

Kennedy PL, DeBano SJ, Bartuszevige AM, Lueders AS (2009) Effects of native and non-native
grassland plant communities on breeding passerine birds: implications for restoration of north-
west bunchgrass prairie. Restor Ecol 17:515-525. https://doi.org/10.1111/j.1526-100X.2008.
00402.x

Kreulen DA (1985) Lick use by large herbivores: a review of benefits and banes of soil consumption.
Mamm Rev 15:107-123. https://doi.org/10.1111/j.1365-2907.1985.tb00391.x

Lane MA, Ralphs MH, Olsen JD et al (1990) Conditioned taste aversion: potential for reducing
cattle loss to larkspur. J Range Manage 43:127-131. https://doi.org/10.2307/3899029

Lark TJ, Spawn SA, Bougie M, Gibbs HK (2020) Cropland expansion in the United States produces
marginal yields at high costs to wildlife. Nat Commun 11:4295. https://doi.org/10.1038/s41467-
020-18045-z

Le Corre M, Dussault C, Cote SD (2017) Weather conditions and variation in timing of spring and
fall migrations of migratory caribou. ] Mammal 98:260-271. https://doi.org/10.1093/jmammal/
eywl77

Leopold A (1933) Game management. Scribner’s Sons, New York

Leu M, Hanser SE (2011) Influences of the human footprint on sagebrush landscape patterns. In:
Knick ST Connelly JW (eds) Greater sage-grouse: ecology and conservation of a landscape
species and its habitats. Studies in Avian Biology 38:253-271. https://doi.org/10.1525/califo
rnia/9780520267114.003.0014

Lewis HT (1985) Why Indians burned: specific versus general reasons. In: Lotan JE, Kilgore RM,
Fischer WC et al (compilers) (eds) Proceedings—symposium and workshop on wilderness fire,
Missoula, November 1983. U.S. Department of Agriculture, Intermountain Forest and Range
Experiment Station INT-GTR-182, Ogden, Utah, pp 75-80

Limb RF, Hickman KR, Engle DM et al (2007) Digital photography: reduced investigator variation in
visual obstruction measurements for southern tallgrass prairie. Rangel Ecol Manage 60:548-552.
https://doi.org/10.2111/1551-5028(2007)60[548:DPRIVI]2.0.CO;2

Lochmiller RL (1996) Immunocompetence and animal population regulation. Oikos 76:594—602.
https://doi.org/10.2307/3546356

Loss SR, Terwilliger LA, Peterson AC (2011) Assisted colonization: integrating conservation strate-
gies in the face of climate change. Biol Conserv 144:92—-100. https://doi.org/10.1016/j.biocon.
2010.11.016

Lowery B, Hickey WIJ, Arshad MA, Lal R (1996) Soil water parameters and soil quality. In: Doran
JW, Jones AJ (eds) Methods for assessing soil quality, vol 49. Soil Science Society of America,
Madison. pp 143-155. https://doi.org/10.2136/sssaspecpub49.c8

Madsen MD, Davies KW, Boyd CS et al (2016) Emerging seed enhancement technologies for
overcoming barriers to restoration. Rest Ecol 24(S2):S77-S84. https://doi.org/10.1111/rec.
12332

Madsen MD, Svejcar L, Radke J, Hulet A (2018) Inducing rapid seed germination of native
cool season grasses with solid matrix priming and seed extrusion technology. PLoS ONE
13(10):e0204380. https://doi.org/10.1371/journal.pone.0204380

Maestas JD, Knight RL, Gilgert WC (2003) Biodiversity across a rural land-use gradient. Conserv
Biol 17:1425-1434. https://doi.org/10.1046/j.1523-1739.2003.02371.x

Matthews TW, Tyre AJ, Taylor JS et al (2011) Habitat selection and brood survival of Greater
Prairie-Chickens. In: Sandercock BK, Martin K, Segelbacher G (eds) Ecology, conservation,
and management of grouse. Studies in Avian Biology 39:179-191

McCabe GJ, Palecki MA, Betancourt JL (2004) Pacific and Atlantic Ocean influences on multi-
decadal drought frequency in the United States. Proc Natl Acad Sci 101:4136-4141. https://doi.
org/10.1073/pnas.03067381

McFadyen REC (1998) Biological control of weeds. Annu Rev Entomol 43:369-393


https://doi.org/10.2979/NPJ.2004.5.2.131
https://doi.org/10.2979/NPJ.2004.5.2.131
https://doi.org/10.1111/j.1526-100X.2008.00402.x
https://doi.org/10.1111/j.1526-100X.2008.00402.x
https://doi.org/10.1111/j.1365-2907.1985.tb00391.x
https://doi.org/10.2307/3899029
https://doi.org/10.1038/s41467-020-18045-z
https://doi.org/10.1038/s41467-020-18045-z
https://doi.org/10.1093/jmammal/gyw177
https://doi.org/10.1093/jmammal/gyw177
https://doi.org/10.1525/california/9780520267114.003.0014
https://doi.org/10.1525/california/9780520267114.003.0014
https://doi.org/10.2111/1551-5028(2007)60[548:DPRIVI]2.0.CO;2
https://doi.org/10.2307/3546356
https://doi.org/10.1016/j.biocon.2010.11.016
https://doi.org/10.1016/j.biocon.2010.11.016
https://doi.org/10.2136/sssaspecpub49.c8
https://doi.org/10.1111/rec.12332
https://doi.org/10.1111/rec.12332
https://doi.org/10.1371/journal.pone.0204380
https://doi.org/10.1046/j.1523-1739.2003.02371.x
https://doi.org/10.1073/pnas.03067381
https://doi.org/10.1073/pnas.03067381

5 Manipulation of Rangeland Wildlife Habitats 143

Mietier EP, Rew LJ, Rinella MJ (2018) Establishing Wyoming big sagebrush in annual brome-
invaded landscapes with seeding and herbicides. Rangel Ecol Manage 71:705-713. https://doi.
org/10.1016/j.rama.2018.06.001

Millennium Ecosystem Assessment (2005) Millennium ecosystem assessment. Ecosystems and
Human Well-Being: Biodiversity Synthesis, World Resources Institute, Washington

Miller RF, Bates JD, Svejcar TJ et al (2005) Biology, ecology, and management of western juniper.
Tech. Bull. 152. Oregon State University, Agricultural Experiment Station, Corvallis. https://cat
alog.extension.oregonstate.edu/sites/catalog/files/project/pdf/tb152.pdf. Accessed 15 July 2022

Miller RF, Chambers JC, Pellant M (2014) A field guide for selecting the most appropriate treatment
in sagebrush and pifion-juniper ecosystems in the Great Basin: evaluating resilience to distur-
bance and resistance to invasive annual grasses, and predicting vegetation response. U.S. Depart-
ment of Agriculture, Forest Service, Rocky Mountain Research Station, General Technical
Report RMRS-GTR-322, Fort Collins. https://doi.org/10.2737/RMRS-GTR-322

Nolte DL, Provenza FD (1992) Food preferences in lambs after exposure to flavors in milk. Appl
Anim Behav Sci 32:381-389. https://doi.org/10.1016/S0168-1591(05)80030-9

Nolte DL, Provenza FD, Callan R, Panter KE (1992) Gatrlic in the ovine fetal environment. Physiol
Behav 52:1091-1093. https://doi.org/10.1016/0031-9384(92)90464-D

Nudds TD (1977) Quantifying the vegetative structure of wildlife cover. Wildl Soc Bull 5:113-117

Parker SS, Zdon A, Christian WT et al (2021) Conservation of Mojave Desert springs and associated
biota: status, threats, and policy opportunities. Biodivers Conserv 30:311-327. https://doi.org/
10.1007/s10531-020-02090-7

Payne A, Chappa S, Hars J et al (2016) Wildlife visits to farm facilities assessed by camera traps
in a bovine tuberculosis-infected area in France. Eur J Wildl Res 62:33-42. https://doi.org/10.
1007/s10344-015-0970-0

Pearson DE, Valliant M, Carlson C et al (2019) Spicing up restoration: can chili peppers improve
restoration seeding by reducing seed predation. Rest Ecol 27:254-260. https://doi.org/10.1111/
rec.12862

Pellant M, Shaver PL, Pyke DA et al (2020) Interpreting indicators of rangeland health, version 5.
U.S. Department of the Interior, Bureau of Land Management, Technical Referance 1734-6,
Denver, Colorado. pp 1-186. https://www.blm.gov/sites/blm.gov/files/documents/files/Interp
reting%20Indicators %200f%20Rangeland %20Health%20Technical %20Reference %201734-
6%20version%205_0.pdf. Accessed 15 July 2021

Pilliod DS, Welty JL, Toevs GR (2017) Seventy-five years of vegetation treatments on public
rangelands of the Great Basin of North America. Rangelands 39:1-12. https://doi.org/10.1016/
jrala.2016.12.001

Pilliod DS, Pavlacky DC, Manning ME et al (2021) Adaptive management and monitoring. In:
Remington TE, Deibert PA, Hanser SE et al (eds) Sagebrush conservation strategy—challenges
to sagebrush conservation. US Geological Survey, Open-File Report 2020-1125, Reston p 223—
239. https://doi.org/10.3133/0fr20201125

Pilliod DS, Beck JL, Duchardt CJ, Rachlow JL, Veblen KE (2022) Leveraging rangeland monitoring
data for wildlife: from concept to practice. Rangelands 44:87-98. https://doi.org/10.1016/j.rala.
2021.09.005

Plummer IH, Johnson CJ, Chesney AR, Pedersen JA, Samuel MD (2018) Mineral licks as environ-
mental reservoirs of chronic wasting disease prions. PLoS ONE 13(5):e0196745. https://doi.
org/10.1371/journal.pone.0196745.DOI:10.1371/journal.pone.0196745

Polley HW, Bailey DW, Nowak RS, Stafford-Smith M (2017) Ecological consequences of climate
change on rangelands. In: Briske DD (ed) Rangeland systems. Springer Series on Environmental
Management. Springer, Cham, pp 228-260. https://doi.org/10.1007/978-3-319-46709-2_7

Pratt AC, Smith KT, Beck JL (2017) Environmental cues used by greater sage-grouse to initiate
altitudinal migration. Auk 134:628-643. https://doi.org/10.1642/AUK-16-192.1

Pyke DA, Brooks ML, D’ Antonio C (2010) Fire as a restoration tool: a decision framework for
predicting the control or enhancement of plants using fire. Rest Ecol 18:274-284. https://doi.
org/10.1111/j.1526-100X.2010.00658.x


https://doi.org/10.1016/j.rama.2018.06.001
https://doi.org/10.1016/j.rama.2018.06.001
https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/tb152.pdf
https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/tb152.pdf
https://doi.org/10.2737/RMRS-GTR-322
https://doi.org/10.1016/S0168-1591(05)80030-9
https://doi.org/10.1016/0031-9384(92)90464-D
https://doi.org/10.1007/s10531-020-02090-7
https://doi.org/10.1007/s10531-020-02090-7
https://doi.org/10.1007/s10344-015-0970-0
https://doi.org/10.1007/s10344-015-0970-0
https://doi.org/10.1111/rec.12862
https://doi.org/10.1111/rec.12862
https://www.blm.gov/sites/blm.gov/files/documents/files/Interpreting%20Indicators%20of%20Rangeland%20Health%20Technical%20Reference%201734-6%20version%205_0.pdf
https://www.blm.gov/sites/blm.gov/files/documents/files/Interpreting%20Indicators%20of%20Rangeland%20Health%20Technical%20Reference%201734-6%20version%205_0.pdf
https://www.blm.gov/sites/blm.gov/files/documents/files/Interpreting%20Indicators%20of%20Rangeland%20Health%20Technical%20Reference%201734-6%20version%205_0.pdf
https://doi.org/10.1016/j.rala.2016.12.001
https://doi.org/10.1016/j.rala.2016.12.001
https://doi.org/10.3133/ofr20201125
https://doi.org/10.1016/j.rala.2021.09.005
https://doi.org/10.1016/j.rala.2021.09.005
https://doi.org/10.1371/journal.pone.0196745.DOI:10.1371/journal.pone.0196745
https://doi.org/10.1371/journal.pone.0196745.DOI:10.1371/journal.pone.0196745
https://doi.org/10.1007/978-3-319-46709-2_7
https://doi.org/10.1642/AUK-16-192.1
https://doi.org/10.1111/j.1526-100X.2010.00658.x
https://doi.org/10.1111/j.1526-100X.2010.00658.x

144 D. A. Pyke and C. S. Boyd

Pyke DA, Wirth TA, Beyers JL (2013) Does seeding after wildfires in rangelands reduce erosion or
invasive species? Restor Ecol 21:415-421. https://doi.org/10.1111/rec.12021

Pyke DA, Shaft SE, Lindgren Al et al (2014) Region-wide ecological responses of arid Wyoming
big sagebrush communities to fuel treatments. Rangel Ecol Manage 67:455-467. https://doi.
org/10.2111/REM-D-13-00090.1

Pyke DA, Knick ST, Chambers JC et al (2015) Restoration handbook for sagebrush steppe
ecosystems with emphasis on greater sage-grouse habitat—Part 2. Landscape level restoration
decisions. US Geological Survey Circular 1418 Reston. https://doi.org/10.3133/cir1418

Pyke DA, Chambers JC, Pellant M et al (2017) Restoration handbook for sagebrush steppe ecosys-
tems with emphasis on greater sage-grouse habitat—Part 3. Site level restoration decisions: U.S.
Geological Survey Circular 1426, Reston. https://doi.org/10.3133/cir1426

Pyle LA, Sheley RL, James JJ (2021) Timing and duration of precipitation pulses and interpulses
influence seedling recruitment in the Great Basin. Rangel Ecol Manage 75:112-118. https://doi.
org/10.1016/j.rama.2020.12.004

Rashford BS, Walker JA, Bastian CT (2011) Economics of grassland conversion to cropland in the
prairie pothole region. Conserv Biol 25:276-284. https://doi.org/10.1111/§.1523-1739.2010.016
18.x

Raynor EJ, Derner JD, Hoover DL et al (2020) Large-scale and local climatic controls on large herbi-
vore productivity: implications for adaptive rangeland management. Ecol Appl 30(3):e02053.
https://doi.org/10.1002/eap.2053

Reever Morghan KJ, Sheley RL, Svejcar TJ (2006) Successful adaptive management: the integration
of research and management. Rangel Ecol Manage 59:216-219. https://doi.org/10.2111/05-079
R1.1

Reeves MC, Krebs M, Leinwand I et al (2018) Rangelands on the edge: quantifying the modifi-
cation, fragmentation, and future residential development of U.S. rangelands. U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research Station, General Technical Report
RMRS-GTR-382, Fort Collins. https://doi.org/10.2737/RMRS-GTR-382

Reinking AK, Smith KT, Mong TW et al (2019) Across scales, pronghorn select sagebrush,
avoid fences, and show negative responses to anthropogenic features in winter. Ecosphere
10(5):e02722. https://doi.org/10.1002/ecs2.2722.10.1002/ecs2.2722

Ricca MA, Coates PS, Guftafson KB et al (2018) A conservation planning tool for Greater Sage-
grouse using indices of species distribution, resilience, and resistance. Ecol Appl 28:878-896

Ricca MA, Coates PS (2020) Integrating ecosystem resilience and resistance into decision support
tools for multi-scale population management of a sagebrush indicator species. Front Ecol Evol
7:493. https://doi.org/10.3389/fevo.2019.00493

Robbins CT (1993) Wildlife feeding and nutrition, 2nd edn. Academic Press, San Diego

Royer PD, Breshears DD, Zou CB et al (2012) Density-dependent ecohydrological effects of pinon-
juniper woodland canopy cover on soil microclimate and potential soil evaporation. Rangel Ecol
Manage 65:11-20. https://doi.org/10.2111/REM-D-11-00007.1

Schlaepfer DR, Bradford JB, Lauenroth WK et al (2017) Climate change reduces extent of temperate
drylands and intensifies drought in deep soils. Nature Comm 8:14196. https://doi.org/10.1038/
ncomms14196.DOI:10.1038/ncomms 14196

Shaw N (2004) Production and use of planting stock. In: Monsen SB, Stevens R, Shaw NL,
(compilers) (eds) Restoring western ranges and wildlands, Volume 3. U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station, General Technical Report
RMRS-GTR-136-vol-3, Fort Collins, Colorado, pp 745-768. https://doi.org/10.2737/RMRS-
GTR-136-V3

Smith JT, Evans JS, Martin BH et al (2016) Reducing cultivation risk for at-risk species: predicting
outcomes of conservation easements for sage grouse. Biol Conserv 201:10-19. https://doi.org/
10.1016/j.biocon.2016.06.006

SRM (Society for Range Management) (1998) Glossary of terms used in range management, 4th
edn. Society for Range Management, Denver


https://doi.org/10.1111/rec.12021
https://doi.org/10.2111/REM-D-13-00090.1
https://doi.org/10.2111/REM-D-13-00090.1
https://doi.org/10.3133/cir1418
https://doi.org/10.3133/cir1426
https://doi.org/10.1016/j.rama.2020.12.004
https://doi.org/10.1016/j.rama.2020.12.004
https://doi.org/10.1111/j.1523-1739.2010.01618.x
https://doi.org/10.1111/j.1523-1739.2010.01618.x
https://doi.org/10.1002/eap.2053
https://doi.org/10.2111/05-079R1.1
https://doi.org/10.2111/05-079R1.1
https://doi.org/10.2737/RMRS-GTR-382
https://doi.org/10.1002/ecs2.2722.10.1002/ecs2.2722
https://doi.org/10.3389/fevo.2019.00493
https://doi.org/10.2111/REM-D-11-00007.1
https://doi.org/10.1038/ncomms14196.DOI:10.1038/ncomms14196
https://doi.org/10.1038/ncomms14196.DOI:10.1038/ncomms14196
https://doi.org/10.2737/RMRS-GTR-136-V3
https://doi.org/10.2737/RMRS-GTR-136-V3
https://doi.org/10.1016/j.biocon.2016.06.006
https://doi.org/10.1016/j.biocon.2016.06.006

5 Manipulation of Rangeland Wildlife Habitats 145

Stevens, R, Monsen SB (2004) Mechanical plant control. In: Monsen SB, Stevens R, Shaw NL,
(compilers) (eds) Restoring western ranges and wildlands, vol 1. U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station, Gen Tech Rep RMRS-GTR-136-vol-1, Fort
Collins, Colorado, pp 65-87. https://doi.org/10.2737/RMRS-GTR-136-V1

Stringham TK, Krueger WC, Shaver PL (2003) State and transition modeling: an ecological process
approach. J Range Manage 56:105-113. https://doi.org/10.2307/4003893

Thompson SJ, Johnson DH, Niemuth ND, Ribic CA (2015) Avoidance of unconventional oil wells
and roads exacerbates habitat loss for grassland birds in the North American great plains. Biol
Conserv 192:82-90. https://doi.org/10.1016/j.biocon.2015.08.040

US Census Bureau (2019) U.S. population estimates continue to show the nation’s growth is slowing.
Census Bureau Press Release December 30, 2019, CB19-198, Washington. https://www.census.
gov/newsroom/press-releases/2019/popest-nation.html. Accessed 06 May 2021

USDA (U.S. Department of Agriculture) (2020) Summary Report: 2017 National Resources Inven-
tory, Natural Resources Conservation Service, Washington, and Center for Survey Statistics and
Methodology, Iowa State University, Ames https://www.nrcs.usda.gov/wps/portal/nrcs/main/
national/technical/nra/nri/results/. Accessed 06 May 2021

Valdez R (2013) Exploring our ancient roots—Genghis Khan to Aldo Leopold: the origins of
wildlife management. Wildl Prof Summer Issue 50-53

Vetter S (2005) Rangelands at equilibrium and non-equilibrium: recent developments in the debate.
J Arid Environ 62:321-341. https://doi.org/10.1016/j.jaridenv.2004.11.015

Walker B, Salt D (2006) Resilience thinking—sustaining ecosystems and people in a changing
world Island Press, Washington

Walker JW, Hemenway K, Hatfield PG, Glimp HA (1992) Training lambs to be weedeaters: studies
with leafy spurge. J Range Manage 45:245-249. https://doi.org/10.2307/4002971

Wang C (2021) Three-ocean interactions and climate variability: a review and perspective. Clim
Dyn 53:5119-5136. https://doi.org/10.1007/s00382-019-04930-x

Wang Y, Pedersen JLM, Macdonald SE et al (2019) Experimental test of assisted migration for
conservation of locally range-restricted plants in Alberta. Canada. Glob Ecol Conserv 17:¢00572.
https://doi.org/10.1016/j.gecc0.2019.e00572

Webb SL, Dzialak MR, Kosciuch KL, Winstead JB (2013) Winter resource selection by mule deer
on the Wyoming-Colorado Boarder prior to wind energy development. Rangel Ecol Manage
66:419-427. https://doi.org/10.2111/REM-D-12-00065.1

Whelan RJ (1995) The ecology of fire. Cambridge University Press, New York

Wiedeman VE, Penfound WT (1960) A preliminary study of the shinnery in Oklahoma. Southw
Nat 5:117-122

Williams BK, Szaro RC, Shapiro CD (2009) Adaptive management: The U.S. Department of the
Interior technical guide. US Department of the Interior, Washington.

Young JA, Evans RA (1978) Population dynamics after wildfires in sagebrush grasslands. J Range
Manage 31:283-289. https://doi.org/10.2307/3897603

Ziska LH, Reeves JB III, Blank RR (2005) The impact of recent increases in atmospheric CO; on
biomass production and vegetative retention of cheatgrass (Bromus tectorum): implications for
fire disturbance. Glob Change Biol 11:1325-1332. https://doi.org/10.1111/j.1365-2486.2005.
00992.x


https://doi.org/10.2737/RMRS-GTR-136-V1
https://doi.org/10.2307/4003893
https://doi.org/10.1016/j.biocon.2015.08.040
https://www.census.gov/newsroom/press-releases/2019/popest-nation.html
https://www.census.gov/newsroom/press-releases/2019/popest-nation.html
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/nri/results/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/nri/results/
https://doi.org/10.1016/j.jaridenv.2004.11.015
https://doi.org/10.2307/4002971
https://doi.org/10.1007/s00382-019-04930-x
https://doi.org/10.1016/j.gecco.2019.e00572
https://doi.org/10.2111/REM-D-12-00065.1
https://doi.org/10.2307/3897603
https://doi.org/10.1111/j.1365-2486.2005.00992.x
https://doi.org/10.1111/j.1365-2486.2005.00992.x

146 D. A. Pyke and C. S. Boyd

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by/4.0/

Chapter 6 ®)
Role and Management of Fire e
in Rangelands

J. Derek Scasta, Dirac Twidwell, Victoria Donovan, Caleb Roberts,
Eric Thacker, Ryan Wilbur, and Samuel Fuhlendorf

Abstract Fire is a fundamental ecological process in rangeland ecosystems. Fire
drives patterns in both abiotic and biotic ecosystem functions that maintain healthy
rangelands, making it an essential tool for both rangeland and wildlife management.
In North America, humanity’s relationship with fire has rapidly changed and shifted
from an era of coexistence to one that attempts to minimize or eliminate its occur-
rence. Prior to Euro-American settlement, Indigenous people’s coexistence with fire
led to regionally distinct fire regimes that differed in terms of their fire frequency,
intensity, severity, seasonality, and spatial complexity. As the relative occurrence
of prescribed fire and wildfire continue to change in North American rangelands,
it is necessary for wildlife managers to understand the complex social-ecological
interactions that shape modern fire regimes and their conservation outcomes. In this
chapter, we discuss the fire eras of North American rangelands, introduce founda-
tional relationships between fire and wildlife habitat, and discuss potential futures
for fire in wildlife management.
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6.1 Introduction

Aldo Leopold famously laid out the tools for wildlife management including the axe,
plow, cow, fire, and gun (Leopold 1949). Contemporary wildlife managers still use
a variety of these basic tools for directly manipulating habitats, including fire. Fire
plays a foundational role in shaping rangeland ecosystem structure and function and
thus, wildlife habitat. For instance, fire can drive the stimulation of aspen (Populus
tremuloides) resprouts that provide browse and fawning cover (Pojar and Bowden
2004; Margolis and Farris 2014; Krasnow and Stephens 2015; Walker et al. 2015),
as well as maintain open grasslands for gallinaceous and other ground-nesting birds
(Briggs et al. 2002; Hagen et al. 2004; Hovick et al. 2014; Lautenbach et al. 2017).
While fire is used for both livestock and wildlife management in rangelands, objec-
tives often differ. For example, a rancher in the eastern Great Plains ecoregion might
burn the same pasture every year in the early spring in order to stimulate peren-
nial grass dominance and production (Anderson et al. 1970). In contrast, a wildlife
manager in the same region might burn different portions of a pasture at different
times of the year for a variety of objectives, such as burning some patches in the
fall to stimulate forbs for quail, burning some patches in the spring for forage and
browse production for herbivores, and leaving some unburned patches as refugia for
other species (Weir and Scasta 2017). Manipulation of fire at different times and
at different spatial scales alters the structure and function of an ecosystem by, for
instance, variably depressing or enhancing certain plant species or manipulating the
balance and availability of plant species (Towne and Craine 2016). An understanding
of the complex interactions between different components of fire regimes (the pattern
of fires over space and time, including fire frequency, intensity, severity, and season-
ality; see Table 6.1) and rangeland abiotic and biotic components is needed to inform
decisions by wildlife managers in how to integrate fire into a management plan (Limb
et al. 2016). For a historical review of the fire regime concept see Krebs et al. (2010).

Perspectives on fire management in North America is ever evolving, having
shifted from a tool historically used for survival and land-stewardship activities, to a
force that must be suppressed, to a contemporary tool for ecosystem manipulation.
These shifting fire management perspectives have had lasting legacies on rangeland
systems. Indigenous use of fire by Native American and First Nation tribes histori-
cally included applications for survival, including hunting, warfare, and agriculture,
and survival (Roos et al. 2018; Nikolakis et al. 2020) and today include applications
for land stewardship. Fire as a survival tool was supplanted by the Euro-American
settlers’ approach of fire suppression, an idea reinforced by federal suppression poli-
cies (Busenberg 2004; Roos et al. 2018). For example, educational campaigns such
as Smokey Bear’s iconic “only you can prevent forest fires” slogan set the prece-
dent of United States fire management with implications for wildlife for over half a
century (Donovan and Brown 2007). This “pyropolitical” campaign started in 1944
and has influenced the notion that fire needed to be eliminated from the landscape
(Minor and Boyce 2018), creating a paradigm ingrained in post-European North
American culture that there was no “good” fire. In contemporary times, however,
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Table 6.1 Key terms and definitions for metrics of a fire regime

Term Definition

Frequency | Indication of how frequently an area burns and may also be indicated as the fire
return interval and elapsed time since a fire occurred. May be calculated several
ways including fire rotation (or fire cycle; defined as time to burn an area equal to
the area of interest), mean fire interval (or fire return interval; defined as the
average period between fires under a presumed historical regime), annual
probability of fire (defined as the average fraction of the landscape expected to burn
annually), and fire frequency (defined as the number of fires in a given time period)

Intensity Rate at which fire produces thermal energy; for example fire line intensity is
calculated as I = HWR following Byram’s equation where I is fire line intensity, H
is a specific heat yield constant, W is the amount of fuel consumed, and R is the
rate of spread. Fire temperature may be considered as a proxy for intensity

Seasonality | Time of year when fire is most common to occur naturally (i.e. wildfire) or be
applied prescriptively (i.e. prescribed fire); typically winter, spring, summer, or fall

Severity Relative amount of alteration, disruption, or damage a site experiences due to a
fire. May include mortality of plants, structural and compositional changes to the
plant community, soil burn severity, etc

wildlife managers have come to recognize the facilitating nature of fire and have
begun to integrate fire disturbances into wildlife management plans. Ultimately, the
shifting social perception of fire to allowances for useful applications has begun to
transform fuel loads, wildlife habitats, and ecosystems. Future management of wild-
fires and prescribed fires must embrace the social perspectives of fire in order to
optimize impacts on wildlife.

Both wildfires and prescribed fires shape the context of wildlife management
today. Wildfires are unplanned and often burn outside of human control. As such,
they may burn under drier and windier weather conditions than prescribed fires,
generating fires that are hotter (often > 1000 °C) and thus burn with greater intensity,
and with higher levels of fuel consumption. In contrast, prescribed fires are planned
fires conducted to achieve targeted management objectives. Due to safety concerns,
prescribed fires are generally conducted during more mild weather conditions that
are moister and less windy. Thus, prescribed fires tend to burn cooler (often between
400 and 700 °C), with lower intensity, and with a lower level of fuel consump-
tion. However, there are some instances where prescribed fires have been safely
implemented during drier conditions or with added fuel loads to generate higher
fire intensities (> 1000 °C) in order to achieve rangeland and wildlife management
objectives, such as to restore rangelands that are experiencing woody encroachment
(e.g., Twidwell et al. 2016). In both cases, prescribed fires require substantial prepa-
ration, including developing a written plan, acquiring necessary approvals, installing
sufficient fire guards, maintaining functioning equipment, and having a trained crew
(Weir 2009). The spatial and temporal patterns of wildfire and prescribed fire events
combined make up the fire regime that shapes rangeland habitat.

In this chapter, we use Twidwell et al. (2021) Cultural Fire Eras in rangelands
to provide a historical overview of how shifts in people’s relationship with fire are
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associated with major changes in rangeland fire regimes. We then describe how fire
regime components can shape wildlife habitats. Finally, we discuss the potential
for future fire management ideologies to emerge, the implications of competing
ideologies for wildlife, and the challenges of creating critical ranges of complexity
and spatiotemporal heterogeneity (defined as variation of landscape features and
in the context of wildlife it is habitat features that vary relative to fire variation)
necessary for rangeland wildlife persistence.

6.2 Cultural Fire Eras on North American Rangelands

6.2.1 The ‘Coexistence Era’ of Fire Management

Historically, people coexisted and thrived with fire across many of the Earth’s
flammable biomes (Bond and Keeley 2005). Prior to Euro-American settlement of
North American rangelands (~ 20,000-200 years ago), Indigenous people’s land
stewardship using fire helped to promote dynamic rangeland systems that spanned
much of North America. Human fire ignitions promoted frequent fire in areas like
the Great Plains ecoregion, making it one of the most pyrogenic systems on Earth.
Here, there was a high level of heterogeneity in applications of fire characteristics
of occurrence, intensity, spatial arrangement, severity, and seasonality. The shifting
spatial arrangement of burned and unburned areas followed by spatially heteroge-
neous grazing created by roaming herds of American bison (Bison bison) and other
mammals, created a diversity of rangeland habitats that, in turn, harbored a diversity
of wildlife populations and plant communities.

The occurrence of fire is often described in terms of the fire regime and specifically
the frequency of fire (Table 6.1). Fire frequency, or fire return intervals, varied greatly
depending on location. In the Great Plains ecoregion, the average fire return interval
ranged from 1 to 3 years in eastern tallgrass prairies to 3—8 years in shortgrass and
mixed-grass prairies (Guyette et al. 2012). In contrast, rangelands of the Great Basin
(i.e., the Western Deserts, Grasslands, Shrublands, and Woodlands ecoregion) had
average fire return intervals that, in some places, could exceed 100 years (Guyette
et al. 2012; Mensing et al. 2006). Fire intensities ranged from low to extreme, both
within and among fire events. High-intensity fires were used by indigenous people
for hunting and warfare (Stewart 2002, 1951), whereas lower-intensity fires were
used for clearing vegetation, attracting game species, and for agricultural purposes
(Higgins 1986). Fires ranged from very small for clearing around camp to very large
(>500,000 ha) with great variation in size. Given the variation in fire size and intensity
there was also variation in severity of the effects of the fire in terms of plant mortality,
vegetation structure, botanical composition. Thus it is important to understand the
variation of fire effects and ecological processes generated by these practices that
have been shown to be important for plant and wildlife populations because certain
species prefer different scales and relative time since the fire disturbance (Hutto et al.
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2016; Roberts et al. 2020). Moreover, the concept of pyrodiversity (considered the
variation or heterogeneity in fire frequency, seasons, spatial arrangement, fire type,
severity, and intensity) has been suggested to be important for biodiversity and may
serve as a framework for conservation (Fuhlendorf et al. 2006; Kelly et al. 2017).

6.2.2 The ‘Suppression and Wildfire Eras’ of Fire
Management

Following Euro-American settlement and the displacement of indigenous Indigenous
people from their lands, fire patterns in North American rangelands underwent a
drastic shift (Twidwell et al. 2021). Sharp declines in human ignitions due to the
differing land management practices of invading European settlers, along with the
later introduction of extensive fire suppression efforts, led to a massive decrease
in the number of fires across North American rangelands (Fuhlendorf et al. 2018).
This change was not necessarily immediate nor uniform as some native fire cultures
persisted longer than others and some Euro-American fire cultures established such
as the Celtic descendants in the southeastern U.S. (Doolittle and Lightsey 1979; Putz
2003; Stambaugh et al. 2013); yet such changes were detectable in the landscape
through charcoal analysis and tree scars (Brown and Sieg 1999; Scasta et al. 2016b).
Grazing became static and constrained to fenced pastures while fire was de-coupled
from human land management, eliminating the shifting mosaic of fire and grazing
interactions. The Great Plains ecoregion, once one of the most burned biomes in
the world, became an area with a low probability of fire occurrence (Donovan et al.
2017).

The era of fire suppression is recognized as one of unrealistic expectations under-
pinning a failure in ecosystem management. Briefly, the generally applied policy of
suppressing all fires resulted a ubiquitous fuel load increase and subsequent wildfire
risk escalation across numerous ecosystems (Calkin et al. 2015; Pyne 2007; Twid-
well et al. 2013b). As a result, wildfires, rather than the purposeful human ignitions
used in land stewardship activities to manipulate ecosystems during the Coexis-
tence Era, now dominate North American rangelands. As human populations have
expanded and the climate has changed in North America, there has been a surge in
total area burned by wildfire in rangeland and forested ecosystems, despite increases
in suppression costs over time (Fig. 6.1; Donovan et al. 2017; Hanes et al. 2019).
The Great Basin has seen a shift, with some areas changing from 100-year fire return
intervals to fires occurring every 5-10 years (D’ Antonio and Vitousek 1992). This
increase in fire frequency outside of historical fire return intervals can degrade wildlife
habitat, for example through the loss of sagebrush shrubs, and drive local wildlife
extirpation (e.g., Pedersen et al. 2003). Wildfires have surged in the Great Plains
ecoregion, associated in part with woody species that have been able to proliferate
through grasslands due to a lack of fire activity (Donovan et al. 2017, 2020). While
contemporary fire frequency is still lower than historical frequency in the region,
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the change in frequency represents stochastic disturbances that can pose a greater
risk to human populations than the fires stewarded by humans in the past (Twidwell
etal. 2013b). Of particular concern is the significant increases in wildfire size and the
greater prevalence of very large wildfires (> 20,234 ha) in western regions (Stavros
et al. 2014). Exacerbating this trend is the warming global climate and enhanced
aridity (Williams and Abatzoglou 2016) and increasing wildfire season length due to
earlier warming in the spring (Westerling 2016; Westerling et al. 2006). For example,
wildfire seasons and the duration of burns have increased in length—from 2003 to
2012 seasons were 84 days longer than those from 1973 to 1982 (Westerling et al.
2006), with an increase of average wildfire burn time from 6 days (1973-1982), to
20 days (1983-1992), to 37 days (1993-2002), to > 50 days (2003-2012). In 2020,
many very large wildfires occurred, such as the Mullen Fire along the border of
Colorado and Wyoming that engulfed more than 70,000 ha (Fig. 6.2). As climate
changes and novel shifts in drought conditions occur, these wildfires are likely to
further increase in intensity, severity and extent (e.g., Scasta et al. 2016b).

6.2.3 The ‘Contemporary Era’ of Fire Management

Today, fire regimes in North American rangeland systems are overwhelmingly driven
by wildfire occurrences rather than fires used for land stewardship (Fig. 6.3). Only one
rangeland-dominated ecoregion in the central and western U.S.—the Flint Hills of
Kansas—has a fire regime dominated by prescribed fire rather than wildfire (Fig. 6.3).
Prescribed fires throughout the rest of the U.S. Great Plains typically occur on < 1% of
the land area. In cases where contemporary prescribed fires are applied in rangelands,
they represent a greatly dampened range of variability in the size, frequency, intensity,
severity, and seasonality of the fire regimes stewarded by Indigenous people before
Euro-American settlement. Prescribed fires are small, typically ranging from 10 to
160 ha (Weir et al. 2016, 2015). Restrictions tied to ‘safe fire conditions’ limit the
weather conditions under which prescribed fires can burn, leading to low and homoge-
nous fire intensities and generating highly restricted prescribed fire seasonality. Thus,
while prescribed fires are discussed commonly as the backbone of fire management,
prescribed fires impact minimal land area, and their functional variability has been
reduced to a shadow of its role during the Coexistence Era.

Atthe turn of the twenty-first century, diverse stakeholders have created Prescribed
Burn Associations (PBAs) and Prescribed Fire Councils (PFCs) to create cultural and
attitudinal change towards the willingness to utilize prescribed fire as a management
tool and apply prescribed fires on their landholdings. For example, over 60 PBAs
have now been created throughout the Great Plains ecoregion—from southern Texas
to South Dakota, pooling equipment, funds, experience, and training on how to safely
apply prescribed fire (Weir et al. 2016). PFC organizations also have spread nationally
to provide educational outlets to private landowners to better understand the bene-
fits of prescribed fire (Wilbur and Scasta 2021). Whereas PBAs and PFCs strive to
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Fig. 6.1 Annual wildland fire statistics from the National Interagency Fire Center covering all 50
U.S. states for a total wildland fire acres and b federal firefighting costs for suppression only. Data are
publicly available at https://www.nifc.gov/fire-information/statistics. ¢ In 2020, total wildland fire
acres in the U.S. exceeded 4 million hectares and included large conflagrations such as the Mullen
Fire along the border of Colorado and Wyoming. In this photo taken at 6:15 pm on September 24,
2020, crews were attempting to slow the fire and prevent its jumping the road by lighting a smaller
and controlled fire, but the fire was moving too quickly and crews were pulled to safety. Photo credit
to Josh Shroyer (Operations Section Chief Type 2, Flaming Tree Solutions LLC, Riverton, WY).
d Lighting a prescribed fire in the southern Great Plains. Photo credit to John Derek Scasta

instill confidence and share resources in prescribed burning, Rangeland Fire Protec-
tion Associations (RFPAs) and Good Neighbor Authority (GNAs) projects foster
collaborative efforts between federal, state, local, and tribal agencies to suppress the
spread of wildfire and to facilitate restoration projects (i.e., hazardous fuel reduction)
(Taylor 2005; Twidwell et al. 2013b; Abrams et al. 2017; Stasiewicz and Paveglio
2017; Bertone-Riggs et al. 2018). This grass-roots rise in privatized fire manage-
ment organizations represents the largest restoration of prescribed fire within North
America’s rangelands, but still mostly operate within a landscape where purposeful
human ignitions for fire management have been extirpated (Twidwell et al. 2013b).
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(a) Aspen regeneration after fire (c) Prescribed fire to reduce Juniper trees

(b) Elk foraging in recent burned area (d) Training future fire managers

B {

Fig. 6.2 a Example of the diversity of plant species and regeneration strategies 15 years after
a wildfire on the Bridger-Teton National Forest of Wyoming. Aspen (Populus tremuloides) has
a resprouting strategy (note the recruitment of new resprouts around adult trees), whereas sage-
brush (Artemisia tridentata) has a reseeding strategy. Photo credit to John Derek Scasta. b Elk
(Cervus canadensis) foraging in a recent prescribed fire in southern Wyoming. The burned area was
dominated by aspen and serviceberry (Amelanchier species). Photo credit to John Derek Scasta.
¢ Example of prescribed fire employed to reduce juniper (Juniperus species) encroachment in the
Great Plains. Photo credit to Caleb Roberts. d Training future fire managers requires hands-on
opportunities and collaborations to develop the social license (i.e., the approval within a local
community and group of stakeholders such that an activity can start or continue) to burn. Photo
credit to John Derek Scasta

6.3 Influence of Fire on Wildlife Habitat

Human-driven shifts in fire regimes have imposed novel pressures on wildlife habitat.
In North American rangelands, wildlife and biodiversity are dependent on the extent
to which fire shaped ecological complexity historically (Fuhlendorf and Engle 2001;
Pyne 2001). Many rangeland songbirds, for example, rely on prescribed fire to curtail
the encroachment of woody species and to maintain grasslands of varying plant
heights and litter denseness to provide breeding habitat for a diverse avian assemblage
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Fig. 6.3 Rangeland ecosystems driven by wildfire versus prescribed fire in the western and central
U.S. (figure developed by the authors)

(reviewed in Chaps. 8-26). Biodiversity in grassland birds, for instance, is highly
dependent on heterogeneity created by patterns in fire regime characteristics like fire
frequency and fire seasonality (Hovick et al. 2015a). Species often select for fire
outcomes tied to fire severity, like the black-backed woodpecker (Picoides arcticus),
which is dependent on severely burned areas (Hutto 2008). It is the fire regime that
is most important to understand for wildlife management, not the impacts of a single
fire event. Ecological complexity owed to fire, both historically and today, is the
aggregate result of multiple fire events that vary in terms of their intensity, severity,
spatial pattern and extent, thereby leading to a temporal signature of fire’s role in a
given region. Even the rare occurrence of fire can leave legacies that impart unique
niche space that can last for decades after the event (Roberts et al. 2019). This is
what drove cross-scale variation that occurs within and among patches, landscapes,
and biomes that created sufficient diversity in habitats to host the entire suite of
rangeland biota (Fuhlendorf et al. 2012; Fuhlendorf and Engle 2001; Roberts et al.
2020). Changes in these fire regime components have therefore been linked to losses
in grassland biodiversity and abundances of grassland biota, which have declined at a
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greater rate than in any other ecosystem type (Brennan and Kuvlesky 2005; Newbold
et al. 2016; Rosenberg et al. 2019). Similar effects have been noted in open forested
ecosystems such as ponderosa pine. To advance our understanding of fire relative to
wildlife management, we briefly overview the direct effects of a single fire event,
which are described in terms of first-order and second-order fire effects and shape the
immediate response of vegetation to fire occurrence, and then contrast perspectives
that will impact future fire regimes and future wildlife management efforts.

6.3.1 Understanding First-Order and Second-Order Fire
Effects

The effects of fire on ecosystem properties, and thus wildlife habitat, are charac-
terized often as first-order and second-order fire effects. First-order fire effects
are the direct or immediate consequences of fire, and include biomass consumption,
tree crown scorch, soil heating, and smoke production. These occur during the fire.
Second-order fire effects include interactions with many other non-fire factors that
influence post-fire ecosystem responses. Whereas first-order fire effects are owed to
immediate consequences of fire, second-order fire effects characterize responses over
longer time periods, from days to months to years or longer. Examples of second-
order fire effects include vegetation succession, changes in vegetation productivity,
and forest regeneration. The concept of ordered effects on plants has also been applied
to animals (Whelan et al. 2002; Engstrom 2010). The direct impacts of heat transfer
or first-order effects can cause injury or mortality heat exposure, toxic effects of
smoke, and oxygen depletion. The processes that occur after the fire, particularly
soil, water, and plant responses, can influence starvation, predation, or immigration
ultimately influencing population viability.

Second-order fire effects are complex. For rangeland soils, the amount of heating is
generally less than 5% which is radiated into the soil profile (i.e., the vertical section of
the soil from the surface of the ground downward to where soil meets the underlying
rock layer) and this radiating heat interacts with non-fire factors to influence soil
organic matter, soil microbiology, nutrient cycling, and erosion potential. For plants,
second-order effects can be categorized relative to life history strategies associated
with post-fire recovery (i.e., recovery from fire damage or mortality). Some plants
persist and regenerate on-site from established plants; these use asexual ‘resprouting’
life strategies relying on below-ground and/or above-ground plant parts (Bond and
Midgley 2003). Other plants are colonizers or reseeders and rely on recruitment to
regenerate from seed. Residual colonizers regenerate on-site from seedbank present
at the time of the burn, whereas off-site colonizers regenerate from seed brought
in by animals or other sources from unburned areas in the surrounding landscape.
See Table 6.2 for important rangeland plant species and the associated life history
strategy (Midgley 1996).
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Table 6.2 Common plants in

western North America and Resprouters Colonizers/reseeders
associated strategy for Aspen (Populus tremuloides) | Budsage (Artemisia
responding to fire disturbance spinescens)
Greasewood (Sarcobatus Eastern red cedar (Juniperus
vermiculatus) virginiana)
Honey mesquite (Prosopis Lodgepole pine (Pinus
glandulosa) contorta)
Nuttall’s Saltbush (Atriplex Mountain big sagebrush
nuttallii) (Artemisia tridentata susp.
vaseyana)
Sand sagebrush (Artemisia Ponderosa pine (Pinus
filifolia) ponderosa)
Winterfat (Krascheninnikovia | Shadscale (Atriplex
lanata) confertifolia)
Yucca (Yucca glauca) Wyoming big sagebrush

(Artemisia tridentata)

Highly specialized regeneration strategies for both life history strategies have
developed, including conifers with serotinous cones that open and release seeds
following fire (Pinus contorta in the Rocky Mountains ecoregion; Knapp and
Anderson 1980) and layering, which occurs via asexual reproduction when vertical
stems droop and root upon contact with the soil (Symphoricarpos orbiculatus; Scasta
et al. 2014). All of these affect forage availability and habitat characteristics that in
turn affect wildlife. For instance, species such as aspen (Populus tremuloides) can be
stimulated by fire to resprout, often quite aggressively (Krasnow and Stephens 2015;
Fig. 6.2), and this provides high quality browse and fawning habitat for ungulates
like mule deer (Odocoileus hemionus) and nesting cover for ruffed grouse (Bonasa
umbellus) (Pojar and Bowden 2004; Rusch and Keith 1971).

Powerful models of first-order fire effects rely on complex, physics-based models
of fire behavior coupled with knowledge of key factors that affect first-order fire
effects. To model first-order effects, these models most commonly assume homo-
geneous or spatially constant conditions relevant to scales of individual plants or
homogeneous landscape patches (Reinhardt and Dickinson 2010). Second-order
effects are dependent on first-order effects, so knowledge of second-order effects
is dependent on understanding first-order effects and interactions with additional
non-fire drivers. Existing assumptions of homogeneous conditions limit applica-
bility for many wildlife studies, so it is rare for investigations to link second-order
effects to first-order impacts. Even the leading fire models do not sufficiently capture
the complexity owed to describing their interdependencies and instead model one
or the other (e.g., First Order Fire Effects Model; FOFEM). This is one reason that
the fire regime concept has been useful in simplifying key aspects of these complex
relationships to characterize major departures in key landscape-scale fire metrics and
corresponding fire effects important to wildlife such as escalation of fire frequency
in the Great Basin.



158 J. D. Scasta et al.

6.3.2 Control of Invasive Plants with Prescribed Burning

The first- and second-order effects of prescribed fire are the primary points of consid-
eration used to strategically manage invasive species and structure habitat features
for wildlife (DiTomaso et al. 2006). For the control of annual plants, the strategic
application of fire to kill plants before seeds become viable or before they disperse
may be effective. Because the majority of fire-associated heat radiates upward, seeds
in the soil bank are not usually exposed to lethal temperatures and thus seeds still in
the canopy would be most susceptible. For example, early summer burning has been
shown to reduce barb goatgrass (Aegilops triuncialis) in California when flames
kill exposed seeds (Marty et al. 2015). Fire also may alter the soil-litter environ-
ment; for example, fall burning may lead to reductions of litter and subsequently of
annual bromes (Bromus species) in the northern mixed-grass prairie and along such
ecotones transitioning to sagebrush steppe (Whisenant 1990; Estep 2020; Symstad
etal. 2021). Similarly, annual forbs such as yellow starthistle (Centaurea solstitialis),
which is widespread throughout California, Oregon, Washington, and Idaho, can be
controlled with repeated early summer burns (DiTomaso et al. 1999). Perennial forbs
such as leafy spurge (Euphorbia esula) present a more difficult challenge and may
require the integration with fire of other methods, such as herbicide applications
(DiTomaso et al. 2006). Cool-season perennial grasses such as Kentucky bluegrass
(Poa pratensis) and smooth brome (Bromus inermis) may be controlled with fire
if applied when tillers are elongating on the target species but concurrently when
the desirable native warm-season grasses are still dormant (DiTomaso et al. 2006).
Obligate-seeding woody species that rely solely on recruitment of seeds for regener-
ation (such as eastern red cedar [Juniperus virginiana] and Wyoming big sagebrush
[Artemisia tridentata)) are very susceptible to fire (Beck et al. 2009, 2012; Twidwell
etal. 2013a), whereas woody species that use asexual regeneration strategies such as
resprouting may be difficult to control or may be stimulated by fire (such as mesquite
(Prosopis glandulosa; in the Tamaulipan Vegetation ecoregion, southern Great Plains
ecoregion, and the Western Deserts, Grasslands, Shrublands, and Woodlands ecore-
gion) and roughleaf dogwood (Cornus drummondii; in the Great Plains ecoregion)
(Drewa 2003; Heisler et al. 2004; Starns et al. 2021) unless fires are conducted in
more extreme conditions that overcome plant species persistence (Twidwell et al.
2016). The timing of fire, fuel load, topographic position, and post-fire moisture
conditions of fire applications also must be considered because such features can
influence the flammability and response of a species (Keeley and McGinnis 2007;
Weir and Scasta 2014).

First order and second-order fire effects always result in both positive and negative
responses for wildlife (Table 6.3). This is critical to understand to avoid oversim-
plifications of complex fire-plant-wildlife interactions. Some species will respond
positively to the immediate post-fire environment and preferentially select recently
burned areas, whereas others avoid it and move to later successional habitat stages.
For instance, greater prairie chickens (Tympanuchus cupido) in the Great Plains
ecoregion have been shown to move lek locations in response to dynamic fire patterns
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so that leks fall near the edges of recently burned patches providing recently disturbed
habitat and nearby unburned refugia habitat (Hovick et al. 2015b). In a heterogeneous
landscape, an array of patches facilitate a shifting mosaic of vegetation structure
that varies spatially and temporally with the temporal pattern of fire in the region.
In a homogeneous landscape, there may only be short vegetation across the land-
scape (if fire is applied homogeneously) or only tall vegetation (if fire is suppressed
homogeneously).

Positive and negative effects of fire often are associated with human values or
conservation goals rather than natural biological outcomes. Some examples of posi-
tive effects include enhanced forage quality, reduced parasite and disease exposure,
altered animal distribution, reduced dominance by invasive plants, and greater diver-
sity of habitat and food resources (Fig. 6.2). In tallgrass prairie, forage crude protein
may be 4 times higher in recently burned areas, resulting in a strong attraction for
large herbivores such as American bison (Allred et al. 2011). This type of focal
grazing and intense disturbance of plants may alter plant primary nutrients as well
as secondary compounds and rate of plant defoliation compared to unburned areas
(Scasta et al. 2021). The reduction by fire of ecto-parasites such as ticks, which
reduces all life stages, may consequently reduce risk of Lyme disease transmission
(Scifres et al. 1988; Mather et al. 1993; Stafford et al. 1998; Cully 1999). Similar
positive effects are noteworthy for endo-parasites. For example, native sheep (Ovis
dalli stonei) in western Canada that were able to access recent burns had up to 10 x
lower lungworm (Protostrongylus spp.) loads (Seip and Bunnell 1985); in the south-
eastern US, fire is thought to disrupt microhabitat of gastropod hosts of the meningeal
brain worm (Parelaphostrongylus tenuis) which has negatively affected elk (Cervus
canadensis) and deer (Weir 2009); and for amphibians, internal nematodes with
free-living terrestrial stages are reduced (Hossack et al. 2013b).

Some examples of negative effects include direct mortality, loss of habitat struc-
ture, and/or loss of food resources. These vary with fire intensity, spatial extent,
and post-fire moisture availability. Direct mortalities are thought to be relatively
rare for both prescribed fires and wildfires (Lyon et al. 1978; Means and Campbell
1981; Russell et al. 1999; Smith 2000) but do occur, with slow-moving species at

Table 6.3 First-order and second-order fire effects lead to plant-wildlife-fire interactions and
directional positive (+) and/or negative (—) ecological outcomes for different taxa

Examples of plant-wildlife-fire interactions Directional ecological
outcome(s)

Fire kills a snake due to heat exposure and later gets eaten by + scavengers; — snake
scavengers

Small mammals move to escape fire, resulting in immediate + raptor; — small mammals
food resource availability for raptors

Fire kills eastern redcedar resulting in increased greater prairie | + prairie chicken, +

chicken habitat but reduced cedar waxwing habitat grasslands;

— eastern redcedar, — cedar
waxwing
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greatest risk. However, even slow-moving species, such as amphibians and reptiles,
have strategies for escaping fire morality by finding refugia, such as going under-
ground in tunnels or new burrows; these species may even respond positively to
fire due to changes in the thermal environment (Hossack and Corn 2007; Hossack
et al. 2009, 2013a). The post-fire moisture and subsequent recovery of vegetation
for food and cover is also critical. For example, Clapp and Beck (2016) reported
that translocated sheep in Wyoming had a 30% reduction in survival after wildfires
and droughts, suggesting that interactions with other abiotic features can influence
outcomes. However, these same sheep were shown to select low- and high-severity
fire areas after the fire and drought events (Donovan et al. 2021a), with female use
of low- and high-severity burned areas increasing with greater time since fire, while
males tended to decrease use of areas that burned at high severity with greater time
since fire. The loss of habitat structure and food resources also can impose long-term
effects such as the case for Wyoming big sagebrush and sage-grouse (Centrocercus
urophasianus; a sagebrush obligate species) that can take decades to centuries to
recover to pre-fire levels (Beck et al. 2012).

It is also important to note how animals immediately respond to fires. Some
animals flee while others may hide below ground. Pausas (2019) suggests four mech-
anisms of animal responses to fire including resistance (by using thick cover or having
physiological tolerance), refugia (by detecting fire and being able to quickly react
and hide), avoidance (by selecting habitat with reduced flammability generally), and
crypsis (by altering feeding and or hiding capacity after fire such as a darker cryptic
color in neonates or adults or entering torpor). Such responses are initiated by olfac-
tory, auditory, and visual cues of fire (Nimmo et al. 2021). For more information on
refugia see Meddens et al. (2018).

Ultimately, the placement of human values onto fire effects for flora and fauna—
whether positive or negative—are often short-term, sometimes biased, and usually
oversimplify fire to a binary (positive or negative) outcome. In reality, fire’s role
in nature is more complex. A comprehensive understanding of fire is difficult, if
not impossible, without looking beyond individual fire events and considering how
fire regime characteristics have changed in terms of their spatial pattern and extent,
frequency of occurrence over time, critical ranges of variation in fire function, and
the relative contribution of these factors to the degree of vegetation heterogeneity
that occurs on landscapes (Twidwell et al. 2021).

6.3.3 Spatial Scales of Fire-Akin to Wildlife Home Range
Size

Fire effects cannot be deeply understood, or applied in wildlife management, without
careful consideration of scale. Scientists and managers are becoming increasingly
aware of the importance of scale in solving academic and managerial debates about
how to best apply and manage fire for a variety of outcomes for plants and animals
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following fire. Scale refers to the spatial and temporal dimensions used to study
phenomena in ecology such as migration at large landscape scales or habitat attributes
for nesting. Scale also refers to the analytical and quantitative dimensions that might
differ between observers or independent studies. Spatial scale is described analyti-
cally in terms of both grain (the resolution of the data) and extent (the size of the
landscape encompassed for observation). A single fire event is often described in
terms of its extent (the perimeter of the burned area) but vegetation is never 100%
consumed in a fire event. Plant parts, whole plants, or entire patches in the landscape
escape fire and remain unburned and the scale at which these are measured repre-
sents the grain. Both the minimum resolution associated with variability in burned/
unburned patterns at fine scales and the total size, or spatial extent, of the fire are
important to wildlife. Fire regimes, like other disturbance regimes, operate across a
sufficient range of scales (through both space and time), and changes in its scale of
function represent some of the greatest challenges to wildlife managers.

One way to better understand the context of animal responses to the scale of fire is
to think of it relative to a species’ home range size. Home range is the spatial extent
at which an animal operates; it can fluctuate with an animal’s size, seasonal needs,
age, and sex as well as the spatial distribution of hiding and nesting cover, brood-
rearing habitat, thermal regulation resources, food, and water (Burt 1943; Hayne
1949; Powell and Mitchell 2012). The scale and distribution of fire can affect all these
drivers of home range size and core use areas differentially in a wildlife community.
For example, ornate box turtles (Terrapene carolina) have a home range of < 10 ha,
indicating that its resource needs are fulfilled within that spatial extent but also
suggesting that larger fires could alter habitat resources at a spatial scale much larger
than a single individual. In contrast, the more expansive seasonal home ranges of mule
deer (Odocoileus hemionus; > 2878 ha (Kie et al. 2002)) and seasonal migrations of
more than 110 km (Sawyer et al. 2019) suggest that mule deer are capable of shifting
use areas in relation to fire. While identifying important seasonal use is important,
defining home ranges solely by seasonality fails to recognize the spatial extent over
which species may operate during the annual cycle and how the timing of a fire may
affect a species. Moreover, the patchiness of burn severity in a burned area can also
influence animal home range because the distribution of fire-altered resources can
significantly influence home range sizes for wildlife in nearly every North American
ecosystem (e.g., Gullion 1984; Kie et al. 2002; Patten et al. 2011; Fuhlendorf et al.
2017b). Because home range considerations differ among wildlife species, every
ecosystem type exhibits unique and complex spatial signatures of fire on wildlife
communities. The same complexities needed to understand the spatial context of a
species’ home range are also necessary to understand fire, the occurrence of variable
fire effects within and across ecosystem types, and then how wildlife are likely to
respond.
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6.4 Competing Ideologies for Future Fire Management

Future fire management has the potential to alter outcomes for wildlife and wildlife
management in rangelands depending on the ideologies that are embraced (Twidwell
etal. 2021; Fuhlendorf et al. 2012). Perceptions tied to fire as a management tool, the
range of variability in fire regimes utilized for management, the spatial and temporal
scales of fire, and the spatial scales of fire management planning all have impacts
on how we manage rangeland wildlife in the future. Following Twidwell et al.’s
(2021) framework we present five ideologies that currently exist or that could further
emerge, and that may shape or constrain wildlife management. These ideologies
reflect competing sociopolitical values, potentially further changing the fire regimes
that wildlife evolved with during the Coexistence Era from the changes imposed
during the Wildfire and Suppression Era that dominates today. These five ideolo-
gies acknowledge that some form of disturbance is necessary to maintain rangeland
wildlife diversity, but they differ by (1) how/if they utilize fire as a key disturbance, (2)
how much they seek to control fire’s range of variability, (3) the spatial and temporal
scales at which they allow fire to function, and (4) the spatial scales of management
planning (Fig. 6.4).
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6.4.1 Ideology 1: ‘Rangeland Zoos’

Given anthropogenic pressures this century, wildlife are being more intensively
managed to safeguard iconic species in ecosystems with extensive land use conver-
sion through such measures such as translocations to support viable populations
of species vulnerable to extinctions or extirpations (IUCN 2013) and vaccination
programs for endangered species (Haydon et al. 2006). As these types of inten-
sive management efforts continue, a network of small, zoo-like “ghosts of range-
lands past” are expected. Unlike typical classical zoos, these areas may be very
small remnants of habitat that will still mirror habitat requirements through intensive
management that tailors vegetation structure and composition to rangeland wildlife
species’ needs. Maintaining these zoo-like systems to support a small portion of their
endemic biodiversity will require intensive and expensive management to coerce the
system into an idealized state while reinforcing fire and fuel feedbacks are absent.
Fire, if used at all, will occur only under the tightest range of variation and likely
only as a demonstration of its occurrence as a historically relevant process. Thus,
unlike other future fire ideologies, rangeland zoos will largely avoid the use of fire,
focusing on very small spatial scales for management.

Species that require large expanses of heterogeneous rangelands may be locally
extirpated or require intensive management. Even for species that require smaller-
scale rangeland habitat features, the limited size of rangeland zoos will be unlikely to
support even a minimum viable population without human intervention (With et al.
2008). Species will require assisted dispersal, colonization, and migration. Pressure
will mount from threats in the surrounding habitat matrix. Outside of the boundaries
of rangeland zoos, ecosystems will continue to undergo conversion and collapse to
alternative, undesirable vegetative states (e.g., woodlands, nonnative annual grass-
lands) or to be developed for alternative land uses. Examples of the latter occur today
in the last remaining (small) remnants of tallgrass prairie, where intensive manage-
ment with a suite of regularly applied chemical and mechanical treatments are needed
to preserve a semblance of the region’s past biodiversity.

6.4.2 Ideology 2: ‘Managed Ecosystem—Homogeneity
Paradigm’

The Managed Ecosystem—Homogeneity Paradigm shares many similarities to
Rangeland Zoos but operates at larger scales and has livestock production as a
secondary concern. The Homogeneity Paradigm is the classical rangeland approach
used to create uniform vegetation utilization and is based on the utilitarian perspec-
tive of benefiting livestock production while limiting tradeoffs to other ecosystem
services (e.g., wildlife; Fuhlendorf et al. 2012). As a result, fire management is used
to create specific vegetation conditions that are relatively homogenous in terms of
vegetation composition and structure. Fire regime characteristics are constrained to
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low intensities, strict spatial scales, strict seasonality, and single property or juris-
dictional boundaries. Under the Homogeneity Paradigm, wildlife abundance and
diversity may be reduced due to homogeneity of the vegetation, creating a narrower
range of habitat conditions that benefit only that select suite of species that prefers
conditions associated with a heavily grazed and burned land use (Fuhlendorf et al.
2012). Species that require expansive, more heterogeneous vegetation characteristics
may experience range contractions and therefore require translocations or assisted
dispersal. Species that require vegetation structure from high-intensity fires may be
locally extirpated (Hutto 2008; Hutto et al. 2016). Without the full range of variability,
positive feedbacks that lead to undesirable vegetation state transitions can emerge
(i.e., transition from a grassland or shrubland to a woodland; Twidwell et al. 2016,
2019). By constraining variation, rangeland management production predictability
in the short-term and local scales for unpredictability in the long-term and at broad
scales. This can lead to the need for the Rangeland Zoos ideology if fire management
is delayed or slowed during, for example, drought years or if surrounding rangelands
are experiencing state transitions.

The homogeneity paradigm has been the predominant approach used to manage
rangelands and its wildlife over the past several decades. The hallmark of the Homo-
geneity Paradigm for ecosystem management is the assumption that rangelands can
be maintained without cross-scale heterogeneity. The idea implicit in this assump-
tion is that rangelands can be held in a static state with a precise amount of human-
directed disturbance per the succession-retrogression theory of rangeland manage-
ment. Importantly, fire may or may not be part of management strategies; when used,
it is a tool to maintain stasis. Much of North America’s current rangelands have been
managed as static, fire-excluded systems for decades while maintaining their identi-
ties and many wildlife species. For example, the Nebraska Sandhills excluded fire for
decades and remain one of the most intact grasslands in North America—although
there are early warnings of vegetation state transitions to woodlands (Donovan et al.
2018; Fogarty et al. 2020). Once external factors like climate change or woody plant
encroachment appear, managing for static systems becomes infeasible except at small
scales at specific locations. This is due to the increasingly intensive management
required to counteract the positive feedbacks of the surrounding collapsed rangeland
state. Such practices can also have inadvertent negative outcomes relative to fire.
For instance, throughout the Great Plains ecoregion, this static view of management
that utilizes fire suppression is a major reason that woody encroachment is a primary
management concern across the region (Briggs et al. 2005; Twidwell et al. 2013b),
which in turn has been linked to increasing wildfire (Donovan et al. 2020).
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6.4.3 Ideology 3: ‘Managed Ecosystems—Heterogeneity
Paradigm’

Counter to the utilitarian perspective of classical rangeland management that
stresses uniform forage production for livestock use, the Heterogeneity Paradigm
of ecosystem management recognizes that critical ranges of vegetation variability
(or heterogeneity) are the foundation for biological diversity (Fuhlendorf et al. 2012,
2017a). The Heterogeneity Paradigm acknowledges that fire played a role, whether
frequent or infrequent, in shaping the vegetation heterogeneity upon which wildlife
diversity depends. To date, however, the application of the Heterogeneity Paradigm
has been applied primarily in ecosystems that burned more frequently in the past
and where fire was the primary driver of spatial heterogeneity (e.g., grasslands of
the Great Plains). This has been accomplished within managed areas by embracing
‘pyric herbivory,” which refers to herbivory driven by fire and that creates a shifting
mosaic of fire, grazing, and vegetation structure through space and time (Fuhlendorf
et al. 2009).

The Heterogeneity Paradigm has increased coexistence of livestock and wildlife
in many managed rangelands and removed the perspective that they are competing
interests (Fuhlendorf et al. 2017a). Fire results in high-quality forage for livestock
while also maintaining a greater range of vegetation structures that promote wildlife
diversity (Fuhlendorf and Engle 2001; Hovick et al. 2014; Scasta et al. 2016a).
Elapsed time-since-fire is an integral consideration of management; however, other
characteristics associated with fire regimes are tightly restricted or not considered as
part of fire management objectives, such as fire intensity, seasonality, and the spatial
scales at which fires are applied, nor is the vegetation heterogeneity that might derive
from these characteristics (Donovan et al. 2021b; Hutto et al. 2016; Roberts et al.
2020). For example, fire is generally avoided in sage-brush dominated systems due
to negative effects on sage obligate wildlife species.

The application of the Heterogeneity Paradigm is much lower than applica-
tion of the Homogeneity Paradigm, so its outcomes are limited to the extent of
heterogeneity created within geographically expansive homogeneous rangelands
or converted ecosystems. As a result, wildlife species that range over expansive
areas and require large-scale heterogeneity will still likely experience range contrac-
tions and may require assisted dispersal. The landscape heterogeneity promoted by
pyric herbivory will better enhance rangeland stability (Holling and Meffe 1996),
however, it may be unable to promote high levels of rangeland ecosystem resilience to
large-scale global change drivers without greater adoption and geographic influence.

6.4.4 Ideology 4: ‘Wilderness Area—Protectionist Paradigm’

Like the Homogeneity Paradigm of rangeland management, the Protectionist
Paradigm used in wilderness areas has been the prevailing focus of large-scale
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wildlife management efforts on public lands. Wilderness areas often focus on a
protectionist viewpoint with a fixed endpoint at large scales. Disturbances are gener-
ally minimized in order to maintain an idealized habitat configuration based on a
historical reference condition (or an idealized climax community). Major distur-
bances, like wildfire, are usually suppressed before they can ‘damage’ too much of
the idealized community configuration. Charismatic species are often the main focus
of conservation (Brambilla et al. 2013; Colléony et al. 2017) and may require more
intensive habitat and population management to create the conditions necessary for
their persistence. While the larger size of wilderness areas enhances the conservation
of far-ranging wildlife species, management efforts generally favor habitat general-
ists and the few species that are adapted to persist in the climax community. Less
charismatic species reliant on fire and its interaction with other disturbance processes
are less abundant or extirpated. In an effort to offset tradeoffs to fire-dependent
species, management tactics like prescribed fire are utilized under a limited range of
conditions and at small scales.

6.4.5 Ideology 5: ‘Living Landscape’

Rangeland management under the Living Landscapes Paradigm builds off of the
Heterogeneity Paradigm and, of all the ideologies, places the fewest restrictions on
fire. Fire and its full range of variability are treated as an integral system process
in rangelands, rather than something that degrades or destroys habitat under more
‘extreme’ conditions. This management style shifts away from applying wildlife
management principles to the advantage of a few charismatic species, to applying
principles on maintaining the integrity of ecosystems and ecosystem processes. Large
expanses of rangelands are maintained by allowing fire variability to play out across
their full range of variability (temperatures, seasons, humidity, wind speeds, sizes,
frequencies, intensities) and interact with dynamic patterns in variables like grazing,
topography, and climate, with fire only be restricted in the wildland-urban interface.
This creates heterogeneous conditions across multiple scales, allowing for landscapes
that are heterogeneous at local, regional, and biome levels and that can support a wide
range of rangeland plant and wildlife species.

The Living Landscapes and Heterogeneity Paradigm are the two ideologies that
embrace variability in fire as a critical driver of wildlife habitat and they are closest
to the ideologies embraced during the Coexistence Era. Expanding on these ideolo-
gies in fire management will require large-scale landowner collaborations and land
planning to allow for fires to burn across multiple property boundaries to avoid
small, fragmented burn patterns of limited utility in rangeland management objec-
tives. Corridors for fire spread, along with other ecological processes like wildlife
migration and dispersal, could help facilitate large-scale interactions and connec-
tivity unhindered by roads and other human development. In terms of fire, these
corridors could help to reduce the impacts of fragmentation on fire size and inten-
sity (Brudvig et al. 2012). Regional planning could emphasize fire districts to assist
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in planning of prescribed fires to develop alternative fuel break types, like existing
crops or agriculture, to protect human developments from wildfires (Donovan et al.
2020). Further expansion of prescribed fires within the wildland-urban interface
would need to consider risks to anthropogenic developments (Radeloff et al. 2018;
Theobald and Romme 2007), and land-use planning would instead need to operate
under the assumption that fires, whether planned or unplanned, will inevitably occur.
The focus here is to identify areas with the potential to foster coexistence of range-
lands, wildlife, fire, and people once again. While examples of re-creating critical
ranges of variability in fire regime functioning for wildlife management is exceed-
ingly rare, particularly given novel global change threats mounting today, recent
applications have led to increased biodiversity and enhanced conservation outcomes
(e.g., Twidwell et al. 2021).

6.4.6 Practical Applications of Competing Ideologies

To maintain the full suite of the habitat needs of rangeland wildlife and also to meet
society’s needs in the face of global climate change, critical ranges of variability
in fire function need to be understood—and managed accordingly—across North
America (Bowman and Legge 2016; Hutto et al. 2016; Roberts et al. 2020). Only two
existing ideologies focus on that perspective and attempt to manage for complexity
by understanding fire’s contribution to it (the Managed Ecosystems—Heterogeneity
Paradigm and Living Landscapes ideologies). However, all five ideologies will likely
be necessary given the rate and prevalence of state transitions and rapid global change
impacting North American rangelands (Garmestani et al. 2020; McWethy et al.
2019). For example, the Rangeland Zoos ideology may be necessary where range-
lands have already succumbed or are completely surrounded by alternative regimes
(e.g., Attwater’s prairie chicken conservation in coastal prairie, TX). Nevertheless,
investments in those areas should not be replicated at large-scales where greater
complexity in wildlife habitat management is possible. Rangelands were forged by
fire functioning across spatial and temporal scales, and many species evolved to be
highly dependent on specific fire dynamics (Pausas and Parr 2018; Twidwell et al.
2021). Although we may never return to these historical fire dynamics in all North
American rangelands, restoring large-scale fire dynamics in as many locations as
possible is the best and most economical approach to maintaining rangeland wildlife
diversity and resilience (Fuhlendorf et al. 2012).

6.5 Conclusions

In order to acquire a modern understanding of fire and wildlife, it is necessary to
understand how fire historically functioned and how that function is changing across
spatial and temporal scales. Cultural perspectives about wildfire and prescribed fire
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have dictated the policies, regulations, management, and resources dedicated to fire
management in the past and will continue to do so into the future (Calkin et al. 2005;
Canton-Thompson et al. 2008; Ryan et al. 2013). These decisions affect how wildlife
function within rapidly changing ecosystems and the potential to mitigate impacts
from invasive species or a changing climate. Public views of fire take on multiple
lenses that are influenced by news media, liability, knowledge, personal experience,
collective attitudes, and cultural norms (Paveglio et al. 2011; Toledo et al. 2013;
Joshi et al. 2019; Bendel et al. 2020). Prescribed fire application requires cultural
and attitudinal acceptability, along with resources and planning assistance to foster
prescribed fire as a management tool to reduce hazardous fuels and invasive species
(Kreuter et al. 2008; Weir 2010; Toledo et al. 2013). Considering the effects fire can
have on a landscape, there are also concerns about the impacts prescribed fire may
have on wildlife species because of a lack of literacy on the complexity of how fire
interacts with non-fire factors (Bowker et al. 2008; Elmore et al. 2009; Coon et al.
2018). Legacies of fire can generate unique and more diverse wildlife communities
that can persist for decades (Roberts et al. 2019; Donovan et al. 2021b), and there is
great opportunity for wildlife managers to incorporate knowledge of how fire regimes
have been altered in recent decades to set unique conservation priorities and improve
wildlife outcomes.
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Abstract Water scarcity and climatic variability shape human settlement patterns
and wildlife distribution and abundance on arid and semi-arid rangelands. Riparian
areas—the transition between water and land—are rare but disproportionately impor-
tant habitats covering just a fraction of the land surface (commonly < 2% in the
western U.S.). Riparian areas provide critical habitat for fish and other aquatic
species, while also supporting the vast majority (70-80%) of terrestrial wildlife
during some portion of their life cycle. Diverse riparian types serve as vital sources
of water and late summer productivity as surrounding uplands dry during seasonal
drought. The health and function of rangeland riparian systems are closely tied
to hydrology, geomorphology, and ecology. Riparian areas have attracted intense
human use resulting in their widespread degradation. Conservation actions, including
improved livestock grazing management and restoration, can help maintain and
enhance riparian resilience to drought, wildfire, and flooding. This chapter provides
readers with an introduction to the importance of riparian areas in rangelands, their
nature and ecology, functions for wildlife, and prevailing management and restoration
approaches.
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7.1 Introduction

On the range, water is life. Water scarcity and climatic variability are defining features
of arid and semi-arid rangelands that shape human settlement patterns and wildlife
distribution and abundance (Donnelly et al. 2018, Chap. 3). Riparian areas are the
transition zones between water and land and are a critically important anomaly on
rangelands. Relative to the broader landscape context, riparian areas are reservoirs
of moisture and productivity lying in stark contrast with drier uplands. Commonly
occupying only < 2% of the land base today in the western U.S., riparian areas
provide disproportionately important resources to wildlife and people (Thomas et al.
1979; Patten 1998; McKinstry et al. 2004). Due to their outsized value and myriad
threats, many riparian systems have been degraded or reduced in size over the last two
hundred years. Yet, due to the persistence of water and associated plant communities
that drive recovery after disturbance, riparian areas are inherently resilient. With
active restoration, the potential land that could support riparian conditions may be
several times larger than the current footprint (Wheaton et al. 2019a; Macfarlane
et al. 2018).

Knowledge of riparian ecology, management, and restoration is increasingly vital
for rangeland managers challenged with sustaining productive grazing lands, wildlife
populations, clean water, and recreation in the face of growing water demands and
climate change (Seavy et al. 2009; Perry et al. 2011). In this chapter, we introduce
the importance of managing riparian areas in rangeland ecosystems to motivate and
inform conservation and stewardship of these critical habitats. This is not a how-to
guide for management but rather an introduction to the subject matter to increase
awareness and summarize current knowledge of key riparian concepts, properties,
risks, opportunities, and related science. Specifically, we describe what rangeland
riparian areas are and why they matter, their nature and ecology, functions for wildlife,
and prevailing management and restoration approaches.

7.2 What Are Riparian Areas and Why Are They
Important?

Riparian is an adjective typically defined as “relating to or living or located on the
bank of a natural watercourse” (Merriam-Webster 2021), although in an ecological
sense, riparian more broadly encompasses diverse ecosystems characterized by the
preponderance of water. Riparian areas are habitats that occur along river and stream
corridors, meadows and bogs, seeps and springs, wetlands and lakes (Fig. 7.1, NRC
2002). All riparian areas share unique soil and vegetation characteristics that are
strongly influenced by free or unbound water in the soil which make them distinct
from upland areas. Water availability and source, disturbance regimes, and site condi-
tions, such as geology, soils, and topography, are among the key factors influencing
riparian types and plant communities. Biology—especially in the form of vegetation
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Fig. 7.1 Types of riparian areas embedded within rangeland watersheds. Riparian areas are rare
but diverse ecosystems that occur along river and stream corridors, meadows and bogs, springs and
seeps, wetlands, and lakes

and North American beaver (Castor canadensis)—also interacts with physical condi-
tions to shape riparian form and function (Castro and Thorne 2019; Wheaton et al.
2019a). From a hydrologic standpoint, riparian systems are the interface between
open water bodies (channels and ponds) and land connected through surface or
subsurface flow (Wilcox et al. 2017). Hydrology can be characterized by flow type:
standing water (lentic) or flowing water (lotic), and flow duration: year-round (peren-
nial), seasonal (intermittent), or precipitation-dependent (ephemeral). Perhaps more
than any other ecosystem, the structure and function of riparian areas are influenced
by interactions between watercourses and the surrounding lands requiring a holistic
watershed perspective for management (Gregory et al. 1991).

Riparian areas perform many functions with on- and off-site effects that yield
important ecosystem services to society (NRC 2002). Broad categories of functions
include: (1) water and sediment transport and storage, (2) carbon and nutrient cycling,
and (3) habitat and food web maintenance. For example, healthy riparian areas
play a crucial role in proper watershed function helping capture, store, and slowly
release water thereby attenuating floods and supporting base flows during dry seasons
(Elmore 1992). Riparian areas also serve as ‘kidneys’ of the landscape, supporting
vegetation buffers that improve water quality by trapping sediment, cycling nutrients
and chemicals, and filtering pollutants from the watershed (Hook 2003; Mayer et al.
2006; Swanson et al. 2017). Finally, riparian areas function as habitat, providing
food, cover, water, refugia, and movement corridors for rangeland wildlife.

Particularly in arid ecosystems, riparian areas are hotspots of biodiversity
supporting 70-80% of vertebrate species during some stage of their life cycle
(Thomas et al. 1979; Brinson et al. 1981; Naiman et al. 1993; Knopf 1985). Wildlife
use of riparian systems is disproportionate to its availability (Thomas et al. 1979;
McKinstry et al. 2004). This is best documented for migratory birds (Knopf et al.
1988) where species richness in riparian habitats can be 10-14 times higher than
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adjacent uplands (Stevens et al. 1977; Hehnke and Stone 1979). Over half of all
bird species are completely dependent upon riparian areas in the desert southwest
(Johnson and Jones 1977). Of course, riparian habitats are essential to fish and other
aquatic and semi-aquatic species in water-limited rangelands (Saunders and Fausch
2007). Perhaps less appreciated is how important seasonal floodplain habitats are
for many species of fish (Opperman et al. 2017). Numerous species of mammals
(small and large), amphibians and reptiles, and invertebrates, including pollinators,
depend on healthy riparian habitats at some point during the year. For example, on
rangelands of southeastern Oregon, 288 of 363 terrestrial species (80%) are directly
dependent upon riparian areas or use them more than other habitats (Thomas et al.
1979).

Euro-American fur trapping and homesteading patterns also highlight the histor-
ical importance of riparian areas to people and working lands across western North
America. In the early 1800’s, abundant beaver in western waterways attracted fur
trappers and fueled Euro-American expansion (Dolin 2011; Goldfarb 2018). Later
in the century, homesteading pioneers sought out water and associated riparian areas
to allow agriculture in an environment where soils and climate make land less arable.
While most rangelands in the Intermountain West are publicly owned, 50-90% of
riparian areas are privately-owned (Donnelly et al. 2018). In grasslands of the Great
Plains, the proportion of privately-owned riparian areas is even higher. For over two
centuries, riparian systems have helped supply reliable water that is the lifeblood of
commerce and rural communities, supporting irrigation of crops, livestock grazing,
development, mining, recreation, and other activities.

Riparian areas contribute to overall rangeland resilience and resistance to sudden
change during drought, wildfire, and flooding, providing a buffer against increasing
climate variability and extreme weather events (Seavy et al. 2009). Management
and restoration of degraded riparian areas improves drought resilience by boosting
soil moisture storage and floodplain vegetation productivity (Silverman et al. 2018;
Fesenmeyer et al. 2018). Fully functioning riparian areas are better able to resist
wildfire damage (Fairfax and Whittle 2020), providing refugia for wildlife and live-
stock in burned landscapes in an era of increasing fire size and frequency, and better
preparing watersheds for extreme floods (Perry etal. 2011). Restoring riparian areas is
key to increasing resilience and maintaining the capacity of these systems to provide
ecosystem services in the face of climate change and long-term drought (Seavy et al.
2009; Capon et al. 2013; Williams et al. 2022).

7.3 Reading the Riparian Landscape

Riparian areas are an expression of watershed-scale processes because they are
located in relatively low spots on the landscape where water and sediment collect
(Wilcox et al. 2017). Geology, hydrology, and biology interact as primary drivers
of riparian form and function (Castro and Thorne 2019). While some riparian types
are primarily groundwater-driven (e.g., springs), surface water flow and sediment
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movement within watersheds are particularly important in shaping the condition and
extent of mostriparian areas (NRC 2002). Diverse vegetation communities arise from
variation in water availability, flow and disturbance regimes, soils, and climate. A
mosaic of habitats can exist ranging from persistently saturated wetlands, to ephemer-
ally inundated floodplains, to meadows supported mainly by high water tables and
wetted only during periods of runoff. Given the high degree of connectivity (verti-
cally and laterally) of riparian systems to both adjacent water bodies and surrounding
uplands that feed and define them, a holistic geomorphic perspective is helpful when
assessing function, condition, and potential.

On rangelands, the bulk of riparian areas are associated with fluvial systems,
such as streams and rivers. Best viewed as riverscapes, stream and riverine land-
scapes are composed of floodplains and channels that together comprise the valley
bottom (Fig. 7.2, Ward 1998; Wheaton et al. 2019a). The valley bottom reflects
the maximum possible extent that could be occupied by riparian vegetation. Valley
bottoms may consist of one or more of these building blocks: active channels and
active floodplains (i.e., areas experiencing flooding thereby capable of supporting
riparian vegetation), and inactive floodplains (i.e., disconnected areas that could
plausibly flood and support riparian vegetation if conditions improved). Not all river-
scapes have all building blocks and the valley setting helps determine what is natural
and expected. For example, a steep confined gorge may only have a single active
channel. In contrast, some riverscapes in lower gradient settings (e.g., wet meadows)
have only active floodplains and no natural channels. Sometimes riverscapes are sepa-
rated from hillslopes by other geomorphic features like terraces (i.e., valley bottoms
from a relic or historic flow regime), moraines (i.e., accumulated debris from past
glacial activity), or fans from tributaries (e.g., alluvial fans). Assessing riverscapes
to identify the valley bottom building blocks and other related geomorphic features
helps set appropriate expectations for the intrinsic potential of riparian areas in fluvial
systems (Fyrirs and Brierley 2013; Wheaton et al. 2015).

Rangeland managers are often tasked with assessing riparian condition, a chal-
lenging responsibility given the diverse and dynamic nature of these systems.
However, hydrologic, soil/geomorphic, and biological attributes and processes
provide clues to riparian area condition and function (Dickard et al. 2015; Wheaton
et al. 2019a; Gonzalez and Smith 2020). In general, properly functioning riparian
areas are dynamic environments that have adequate space and other characteristics to
accommodate water runoff, dissipate energy, and adjust to change (Fig. 7.2a). They
can expand and contract within the confines of their natural valley bottom in response
to disturbances like floods and droughts (Whited et al. 2007). They also support the
kinds and amounts of vegetation needed to stabilize soils, capture sediment, and
slow and attenuate surface and subsurface flows. Properly functioning ecological
processes in riparian areas, like beaver dam activity, vegetation recruitment, and
wood accumulation, provide structural elements that increase habitat complexity
and build resilience (Silverman et al. 2018; Wheaton et al. 2019a).

A variety of impairments occurring at watershed to site-specific scales can
reduce riparian condition. Watershed land cover changes due to catastrophic wild-
fire, improper grazing, woodland expansion, development, or other factors impact
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Fig. 7.2 Planform and cross-sectional views showing geomorphology of a hypothetical riverscape
in an intact (a) and degraded scenario (b). Reading the riverscape valley bottom is important as
it reflects the maximum potential extent of riparian vegetation. Intact riverscapes (a) support a
higher water table and more riparian vegetation, while incised or channelized riverscapes (b) result
in a lower water table with less riparian potential. The valley bottom includes the area that could
plausibly flood in the contemporary flow regime and is made up of the active channel(s), active
floodplain, and/or inactive floodplain. Restoration to improve connectivity of inactive floodplains
may be required in degraded systems to fully realize riparian potential. Figure adapted by Adrea
Wheaton from Wheaton et al. (2019b) and licensed under a Creative Commons Attribution 3.0
United States License

watershed hydrologic function and can lead to riparian degradation. Intensive land
uses located within valley bottoms like roads and associated infrastructure, water
diversion, and cultivated agriculture can directly limit riparian functions and poten-
tial extent (i.e., the area capable of supporting riparian vegetation). Channel inci-
sion—downcutting of channel bed elevation through erosion—is a widespread
symptom of degradation in rangeland watersheds resulting in predictable changes
in riparian condition (Cluer and Thorne 2013; Dickard et al. 2015; Gonzalez and
Smith 2020). Incision reduces the potential for riparian vegetation within valley
bottoms by lowering the water table and disconnecting channels from active flood-
plains (Fig. 7.2b). Learning to recognize impairments and the degree of incision are
critical to informing management actions and appropriate expectations for riparian
areas (Skidmore and Wheaton 2022).
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7.4 Ecology of Riparian Areas

7.4.1 Vegetation

A defining attribute of riparian ecology is the distinct vegetation arising from
increased water availability. In rangelands, this riparian vegetation often forms a
green strip adjacent to drier uplands during annual summer droughts. Vegetation
is indicative of hydrologic function in riparian areas (Table 7.1, Lichvar et al.
2012,2016; USACE 2018). Hydrophytic, or water-loving, vegetation includes plants
specifically adapted to grow in low oxygen (i.e., anaerobic) environments. Specific
plant species occur along a gradient of wetted conditions, such as, obligate species
in water or saturated soils, facultative wetland species in frequently wet soils, or
facultative species in soils that fluctuate between wet and dry (USACE 2018). Other
vegetation less capable of withstanding anaerobic conditions are facultative upland
and upland species that typically occur in drier environments and can be used to iden-
tify non-wetland areas (USACE 2018). Common herbaceous riparian plants include
graminoids such as sedges (Carex spp.), rushes (Juncaceae spp.), and wet-adapted
grasses (Poaceae spp.). Typical woody riparian species include a diversity of willows
(Salix spp.), cottonwoods (Populus spp.), and alders and birches (Betulaceae spp.).
Riparian plant composition is highly variable and a product of climate, hydrologic
regime, soils and geomorphology, land use, species distribution, and other factors
(NRC 2002; Hough-Snee et al. 2014). Healthy riparian plant communities exist in
a wide variety of forms ranging from relatively simple and stable herbaceous mats
consisting of just a few species, to dynamic and diverse woody-dominated riparian
shrublands and forests.

Vegetation plays a critical role in the structure and function of riparian systems as
well as the broader rangeland water cycle (Wilcox et al. 2017). Above ground, plants
provide surface roughness to redistribute flow patterns and facilitate deposition and
soil building (Manners et al. 2013). Many riparian plants have adaptations to with-
stand stream or overland flows, such as cordlike rhizomes, fibrous root masses, coarse

Table 7.1 Vegetation provides clues to hydrologic function in riparian areas

Wetland indicator status Designation Qualitative description
Obligate (OBL) Hydrophyte Almost always occurs in wetland
Facultative Wetland (FACW) | Hydrophyte Usually occurs in wetlands, but may occur in

non-wetland areas

Facultative (FAC) Hydrophyte Occurs in wetland and non-wetland areas

Facultative Upland (FACU) | Non-Hydrophyte | Usually occurs in non-wetland areas, but may
occur in wetlands

Upland (UPL) Non-Hydrophyte | Almost never occurs in wetlands

The National Wetland Plant List (Lichvar et al. 2012, 2016; USACE 2018) characterizes plant
species by the frequency in which they are found in wetlands
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leaves, and strong flexible crowns (Winward 2000). Structurally forced changes in
flow patterns produce physically diverse and complex habitats and enhance resilience
to disturbance (Corenblit et al. 2007; Wheaton et al. 2019a). For example, in-stream
wood accumulation affects water velocities and depths, sediment erosion and depo-
sition, and provides organic material essential to support diverse aquatic species
(Wheaton et al. 2015). Below ground, riparian plants tend to have very dense root
systems (Manning et al. 1989) that bind soil particles, provide stability, and slow
runoff. Healthy plant roots create macropores and soil organic matter that improve
infiltration of surface runoff and water-holding capacity of soils, increasing residence
time of water. Riparian vegetation creates unique microclimates that affect water
temperatures and humidity. Forested riparian areas support large wood accumulation
important to stream processes and aquatic habitat.

Riparian vegetation can be prone to damage owing to disproportionate use by
livestock, free-roaming horses, wildlife, and people. While erosion and deposi-
tion are natural processes in riparian systems, degradation of vegetation can result
in predictable changes affecting form and function (Cluer and Thorne 2013). If
hydrophytic vegetation is damaged, the resulting loss of structure often leads to
reductions in riparian stability. Improper grazing and trailing by livestock, free-
roaming horses, and big game can reduce plant health and vigor, leaving riparian
areas more vulnerable to accelerated erosion. Stream systems may incise, and wet
meadows may develop channels which cause the water table to drop, drying out the
soil and converting the riparian area to more upland vegetation with less robust root
structure (Wyman et al. 2006). Careful management of grazing animals in riparian
areas is required to support a variety of functions and values.

7.4.2 Beavers: Ecosystem Engineers

The North American beaver is a keystone riparian species with a unique role in
shaping the form, function, and ecology of many riverscapes. Often referred to as
an ecosystem engineer, beaver have a profound influence on riparian environments,
producing diverse habitats required by many other wildlife species. Modifications
occur through foraging primarily on woody plants and activities associated with dam
building including construction of ponds, lodges, canals, tunnels, and burrows. These
activities trigger a cascade of effects altering riparian function and diversity, aquatic
food webs, geomorphology, hydrology, and biogeochemical cycling (see reviews in:
Brazier et al. 2020; Wohl 2021). The functional role of beaver in riparian areas has
been increasingly recognized as an integral part of stream evolution, riparian ecology,
and conservation (Stoffyn-Egli and Willison 2011; Pollock et al. 2014; Castro and
Thorne 2019; Jordan and Fairfax 2022).

Prior to Euro-American arrival, an estimated 60—400 million beaver occupied
North America (Seton 1929). Beaver dam activity created some 25-250 million ponds
(Pollock et al. 2003) with a total surface area of approximately 230,000 square miles,
equivalent to the land area of Arizona and Nevada combined (Butler and Malanson
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2005; Goldfarb 2018). Highly prized for their fur, beaver trapping began in the late
1500s, and by the early 1800s they were harvested to near extinction (Dolin 2011).
With the removal of these industrious rodents, unmaintained dams often breached
leading to the draining of hundreds of millions of ponds and wetlands (Ott 2003;
Goldfarb 2018). While the arrival in the late 1800s of irrigated agriculture, timber
harvest, overgrazing, and mining impacted western watersheds, legacy effects of the
loss of beaver and their dam-building activities are often underestimated and forgotten
(Wohl 2021). In the early 1900s, the important role of beaver in shaping riverscapes
started to be recognized with conservation and relocation efforts occurring over the
next century. Populations are now estimated between 6 and 12 million and, although
still far less than their historic abundance, beavers have re-colonized much of their
former range across North America (Naiman et al. 1988).

Beaver basically require water and vegetation to make a living, occupying diverse
riparian ecosystems from boreal forest to deserts (Brazier et al. 2020; Larsen et al.
2021). Beaver are herbivores, consuming herbaceous plants and cambium (i.e., the
inner bark of woody plants). Their diet varies greatly across different environments
and seasons. In colder climates, for example, herbaceous plants may comprise a
majority of their diet, especially in the summer. In lotic systems, during winter they
often switch to more woody species that are harvested and stored in deep water
caches that can be accessed below ice from underwater entrances to their lodges
(Milligan and Humphries 2010). As central place foragers, beaver select vegetation
based on size and palatability depending on availability and distance from their
lodge or pond (Mahoney and Stella 2020). Highly preferred plant species, such as
aspen and willow, have coevolved with beaver and regenerate, often with increased
vigor, after they have been cut (Runyon et al. 2014). Beaver may greatly reduce
preferred riparian vegetation within their home range forcing them to move to new
areas to access forage while the depleted stand regenerates, acting much like coppice
foresters seeking to stimulate plant growth by cutting back plants (Hall 1970). As
a result, beaver create a shifting mosaic of riparian habitat types within riverscapes
that support varying structural diversity, plant composition and richness, and seed or
sprout production (Mahoney and Stella 2020).

While beaver can be awkward on land, they are powerful swimmers that prefer
water deep enough to evade predators. In some systems, water is sufficiently deep to
provide this protection, rendering dam building unnecessary. In shallower streams
common across rangelands, however, beaver typically build dams to slow down and
deepen water to escape predation and allow for more extensive harvest and trans-
port of wood and vegetation within the refuge of water. Beaver often incorporate
larger woody material into dams and lodges, along with smaller branches that are
consumed or stored in the bottom of the ponded area. The influx of woody material
and the creation of dams and canals enhance hydraulic and geomorphic complexity
(e.g., sediment sorting) producing physically diverse habitats. Slower ponded areas
with accumulated fine sediment can create anaerobic conditions that alter biogeo-
chemical cycles (Naiman et al. 1988; Murray et al. 2021). Diversity in hydraulics,
physical habitats, substrate, and riparian structure, creates more complex habitat
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often supporting a higher diversity of stream fauna (Burchsted et al. 2010; Bouwes
et al. 2016).

Beaver dam activity is an important ecological process influencing stream evolu-
tion creating multithreaded, complex reach types (i.e., “stage 0” in Cluer and Thorne
2013). Furthermore, structural changes caused by beaver dam activity can accelerate
recovery of incised riverscapes by facilitating widening, aggradation (i.e., deposition
of material by current), and floodplain reconnection (Fig. 7.3, Pollock et al. 2014).
By increasing both aggradation and water depth, beaver dams enhance frequency
and duration of floodplain inundation even during baseflows. Higher water surfaces
increase water table elevations and create greater hydraulic gradients resulting in
elevated exchange of surface and groundwater (Majerova et al. 2015). Thus, dams
increase vertical and lateral hydrologic connectivity allowing water to be stored
during high flow events (Westbrook et al. 2020). Stored water is more slowly released
over the descending limb of the annual hydrograph resulting in improved drought
resilience (Fesenmeyer et al. 2018; Silverman et al. 2018). In a similar but compressed
time frame, beaver dams and dam complexes help attenuate high flows (Westbrook
et al. 2020) and reduce unit stream power, dissipating energy by spreading flow onto
adjacent floodplains reducing the likelihood of channel incision (Pollock et al. 2014).
Greater inundation and soil moisture not only increase vegetation recruitment and
vigor but also improve riparian resistance to fire and drought (Fairfax and Whittle
2020). Thus, beaver confer resiliency to riverscapes that can help them withstand
multiple disturbances that are likely to become more intense with climate change.

7.4.3 Riparian Functions for Wildlife

Biotic and abiotic factors combine in riparian areas to create habitat for aquatic and
terrestrial wildlife found nowhere else on rangelands. The disproportionate diversity
and abundance of life in riparian systems stems from their ability to provide water,
food, cover, refuge, and migration corridors needed to fulfill annual life cycle require-
ments (Fig. 7.4). Greater availability of water in riparian areas than uplands gives rise
to higher productivity of vegetation and insects, and a more dependable source for
water consumption, which becomes increasingly important during seasonal summer
drought. Diverse vegetation communities provide breeding, nesting, rearing, loafing,
feeding, and escape cover needed by most terrestrial rangeland wildlife at some
point in the year (Thomas et al. 1979). Habitat connectivity is also provided by
riparian corridors and wetlands interspersed across rangeland watersheds, facilitating
movement, dispersal, and migration.

Reliance on riparian areas by migratory birds is well documented (Johnson et al.
1977; Knopf et al. 1988). Each year in the spring, millions of neotropical songbirds
return to breed in western riparian areas after wintering in Mexico, and Central and
South America. Over 80% of migrant birds breed in riparian areas in some locations
(Knopf 1985). Riparian vegetation and insects supply necessary food and cover for
nesting, rearing, and fledging. Landbird abundance and richness are closely tied to
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Fig. 7.3 Beaver dam activity accelerates stream evolution from an incised (a) to anastomosing
riverscape (f) (from Pollock et al. 2014). This series illustrates the typical progression: a beaver
build dams in an incised channel that has been disconnected from the active floodplain, b high
stream power results in beaver dams failing by end cutting, forcing water to erode the bank leading
to channel widening, ¢ inset floodplains begin to form in the widened trench and a widened channel
facilitates sediment capture, d sediment captured behind the dams also aggrades the channel and
facilitates riparian vegetation establishment, e dams raise the surface water reconnecting the stream
to the formerly active floodplain, and f beaver dam activity creates well-connected and vegetated
riparian area across the valley bottom
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Fig. 7.4 Examples of riparian functions for wildlife. Riparian areas provide critical habitat needed
by most rangeland wildlife to fulfill annual life cycle requirements, such as a breeding cover for
amphibians, b nesting and brood-rearing cover for birds, ¢ water, forage, and calving cover for big
game, and d refugia from wildfire. Photo credits a—d: Jeremy Maestas, Richard Van Vleck, Nathan
Seward, Joseph Wheaton

structural heterogeneity of riparian vegetation (Anderson and Ohmart 1977; Rich
2002; Brand et al. 2008; Cubley et al. 2020). Given this connection, assessment of
breeding bird presence and abundance can serve as an indicator of riparian health
and plant structural complexity (Rich 2002). Following the breeding season, riparian
areas provide valuable stopover habitats for neotropical birds during the fall migration
south. Waterfowl, shorebirds, and waterbirds all rely on wetland, meadow, and playa
riparian habitats in rangelands for breeding and stopovers supporting spring and fall
migrations (Donnelly et al. 2019; Haukos and Smith 1994).

Riparian areas are important in meeting seasonal habitat needs for imperiled
resident birds and can influence landscape carrying capacity (Donnelly et al. 2018).
Sage-grouse (Centrocercus urophasianus), known for their dependency on sagebrush
steppe, “follow the green line” as uplands dry out in the summer to reach riparian
areas and other mesic habitats (i.e., areas with adequate moisture for plant growth),
such as high elevation habitats and irrigated fields, that provide abundant forbs and
insects to feed growing chicks (Chap. 10). Mesic resource abundance and drought
resilience influences the distribution and abundance of sage-grouse where other life
requisites have been met (Donnelly et al. 2016, 2018). Columbian sharp-tailed grouse
(Tympanuchus phasianellus columbianus) utilize riparian zones as well for winter
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food and cover, foraging on the buds of woody vegetation (Giesen and Connelly
1993). Numerous other more common landbirds including non-migratory songbirds,
quail, and raptors also use riparian habitats in various seasons.

A host of aquatic and semi-aquatic species would not exist in rangelands without
riparian ecosystems. Aquatic and riparian zones are intricately linked through
exchange of invertebrate prey, plant material, and water affecting food webs and
habitat quantity and quality. Riparian vegetation supports terrestrial invertebrate
inputs to streams that can constitute half of the food resources for fish like salmonids
(Baxter et al. 2005; Saunders and Fausch 2007). Riparian leaf fall and woody
debris also retain and support aquatic food webs and provide for added aquatic
habitat complexity for a diversity of aquatic species and various life stages (Gregory
et al. 1991). Conversely, emergence of aquatic insects also feed terrestrial wildlife
including bats, birds, reptiles, and amphibians. Wetlands, beaver ponds, and flood-
plains support unique amphibians year-round (Munger et al. 1998; Arkle and Pilliod
2015). Healthy and hydrologically functioning riparian areas ensure habitat connec-
tivity that allows water-reliant species to disperse and migrate. Although much less
well known, rangeland springs are home to many species of springsnails (Pyrgu-
lopsis spp.), one of the most abundant and diverse groups of endemic organisms in
the region (Hershler et al. 2014), and a diversity of other aquatic biota (Sada et al.
2001).

Small and large mammals rely on riparian areas for water, foraging, cover, move-
ment, and migration corridors. Riparian areas provide productive foraging habitat
for bats (Holloway and Barclay 2000), and riparian woodlands supply roost sites
in otherwise treeless rangelands (Williams et al. 2006; Trubitt et al. 2018). Mule
deer (Odocoileus hemionus) and elk (Cervus canadensis) frequent riparian zones,
especially during summer months after fawning and calving (McCorquodale 1986;
Morano et al. 2019). In the Great Basin, where mule deer habitat selection is largely
driven by forage availability and water, deer select habitats closer to riparian areas
especially in areas that are hotter and drier (Morano et al. 2019). In late summer,
riparian areas provide productive and nutritious forage, shade, and water for all
grazing animals, wild and domestic.

Riparian ecosystems play a crucial role in reducing wildlife vulnerability to
climate change, providing refugia and adaptation opportunities (Seavy et al. 2009;
Capon et al. 2013). Riparian vegetation provides shade and microclimates that give
thermal refuge to animals adjusting to warmer air or water temperatures. Beaver
dam activity produces fire-resistant riparian corridors that provide important refugia
during wildfire, especially for species unable to physically escape the spread of
flames (Fairfax and Whittle 2020). Well-connected riverscapes provide opportuni-
ties for water-dependent species to move to more hospitable parts of the watershed
as climate conditions dictate.
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7.5 Management and Restoration

Proper stewardship of riparian resources through a holistic watershed approach helps
ensure maintenance of vital ecosystem services and goods for society. While there
are many conservation actions land managers can take, promotion of ecological,
hydrologic, and geomorphic processes underpins all successful approaches (NRC
2002; Goodwin et al. 1997). At the most fundamental level, water availability sets the
stage for riparian ecology, so protection and restoration of hydrology is of paramount
importance. Livestock grazing is a nearly ubiquitous land use on rangelands that has
direct and indirect effects on riparian function, from influencing watershed hydrology
to direct changes to riparian vegetation (Kauffman and Krueger 1984; Elmore 1992;
Belsky et al. 1999; Wilcox et al. 2017). Widespread channel incision in riparian
areas reflects a legacy of degradation that may be unrelated to current management
(Chambers and Miller 2004) but often requires active intervention to reverse (Zeedyk
and Clothier 2009). In this section, we highlight a few of the prevailing concepts and
strategies for riparian management, protection, and restoration.

7.5.1 Grazing Management

Negative effects of overgrazing in riparian areas are well documented (Kauffman
and Krueger 1984; Belsky et al. 1999). Less well understood are the complex rela-
tionships between contemporary grazing and legacy effects of historical riparian
degradation due to other factors, such as the fur trapping era of the 1800s (Ott 2003),
unregulated grazing during the late 1800s to early 1900s prior to reserving National
Forests or the Taylor Grazing Act of 1934, water diversion and development during
most of the 1900s, and more recently invasive species, climate change, and wild and
free-roaming horses. “Passive” restoration through establishment of riparian exclo-
sures that remove livestock grazing can result in riparian improvement but may not
be sufficient to fully restore valley bottoms that have sustained drastic geomorphic
alteration. In part, this is because the protection is usually limited to an already dimin-
ished remnant riparian area. Furthermore, livestock exclusion is often not feasible or
desirable on western working lands where most riparian areas are in private owner-
ship and support grazing operations. Fortunately, much has been learned in recent
decades about compatible strategies for managing grazing to maintain and promote
riparian functions and values (Text box 7.1; Platts 1991; Elmore 1992; Wyman et al.
2006; Swanson et al. 2015).
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Text Box 7.1: Riparian recovery through improved grazing

On Susie Creek, Nevada, riparian conditions improved dramatically following
changes in grazing strategies by the Maggie Creek Ranch and Bureau of Land
Management (BLM) (Swanson et al. 2015; Charnley 2019). This photo series
chronicles recovery following a switch from decades of growing-season-long
cattle grazing (a) to a combination of spring and/or fall grazing, hot season
grazing and periods of rest from grazing over 28 years (b—f). In 1992, the
riparian area in this wide gully (formed by incision in about 1910) was
fenced into a riparian pasture and no longer grazed throughout the growing
season every year. Subsequently, riparian plants expanded, slowed water forces,
captured sediment, and stabilized streambanks resulting in a vegetated flood-
plain and elevated water table (b). With willows available, beavers accelerated
the process of rehydrating the gully, creating expansive areas of ponded water
and wetland vegetation (c). Beaver activity led to conversion of the willow
community to other types of riparian plant communities, including a short-
lived cattail marsh (d). A functional and well vegetated floodplain within the
old gully continues to evolve (e—f). Riparian recovery improved resilience to
flooding (including a rain on snow event in 2017), wildfire, and drought (Fesen-
meyer et al. 2018). In the severe drought of 2020, abundant green riparian vege-
tation thrived with below ground summer water storage and, in the fall, water
came to the surface in more locations. In this high-sediment watershed, aggra-
dation in the widened gully is raising the water table across the valley bottom
and providing critical green forage and water for wildlife and livestock, espe-
cially during summer and fall. The BLM and ranchers continue to fine tune and
adjust management based on observed changes in weather/flows, vegetation,
sediment deposition, and management effects in this dynamic riparian area.
The Susie Creek story is just one of many examples of the outcomes possible
following collaborative, private-public efforts to improve grazing manage-
ment (also see: https://www.youtube.com/watch?v=kSctr0aQOso and https:/
/iwjv.org/new-video-changing-a-landscape-to-a-lifescape/) Photos by: Carol
Evans, retired fisheries biologist, Elko District, Bureau of Land Management
(1988-2016).
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Similar to wildlife reliance on riparian resources, livestock on the range often
depend on these systems to complete their life cycle. Livestock need water daily and
riparian areas can be a primary source to meet those requirements. When upland
plants dry out in hot summers or dry seasons, riparian areas remain green providing
more nutritious forage which further attracts livestock to valley bottoms. Overgrazing
can occur when plants are stressed by repeated defoliation without adequate time
for recovery, or when trampling damages soils, which weakens riparian plant roots,
destabilizes streambanks, and lowers the water table. Addressing overgrazing often
involves changes in stocking rate (or the number of grazing animals in a given
area for a specific time period) and/or livestock distribution (i.e., where animals are
allowed to graze) and timing (i.e., when animals are allowed to graze). Stocking rate
reductions often have to be severe to effect change in riparian conditions, which may
be impractical in working landscapes. This is because riparian valley bottoms are
typically only a small fraction of larger grazing pastures where stocking rates are set,
and livestock tend to stay concentrated near water regardless of how many animals
are present. Therefore, manipulation of livestock distribution and timing are often
important strategies in minimizing overgrazing in rangeland riparian areas.
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Riparian area grazing management is more likely to be successful if it enables
control of, and variation in, periods of grazing and recovery, livestock distribution,
and intensity of use (Swanson et al. 2015). Effective grazing strategies prevent
repeated or excess damage to valley bottom soils and plants when they are most
susceptible to grazing-related stresses (Wyman et al. 2006). Grazing management
should be designed to balance grazing periods with opportunities for plant growth and
recovery, and/or providing retention of adequate leaf area on individual plants post-
grazing (Swanson et al. 2015). Rotation or variation in timing of grazing prevents
stress in the same season year after year so plants can successfully complete all
phases of their annual life cycle. By actively managing livestock, grazing impacts
can be controlled to ensure plant growth or regrowth before, during or after grazing.
Grazing management actions and monitoring are most effective when they embrace
the interdependence of public and private lands.

Grazing managers have access to a wide variety of strategies for riparian-focused
management to accomplish objectives and allow recovery (Table 7.2). A fundamental
choice driving management actions, grazing criteria, and methods for short-term
or implementation monitoring is whether to build management around: (a) sched-
ules of grazing and recovery, or (b) limiting utilization levels within the growing
season (Boyd and Svejcar 2004, 2012). To ensure appropriate management and
enable sufficient flexibility to adapt management as riparian areas change, a plan
should be written around a set of core principles that inform selection of locally
targeted grazing use indicators. Such principles allow for flexibility and success in
each pasture. Grazing use indicators and criteria should fit the chosen treatments and
strategies to achieve resource objectives (University of Idaho Stubble Height Study
Team 2004). Table 7.2 couples a suite of effective strategies with relevant implemen-
tation monitoring indicators. Rationale for how and why strategies work is described
in Swanson et al. (2015), and recommendations for monitoring long-term effective-
ness and short-term implementation is provided in Burton et al. (2011), Dickard et al.
(2015), Swanson et al. (2018), and Gonzalez and Smith (2020).

Fencing is an important tool for facilitating many of the strategies described in
Table 7.2, but establishing physical fences creates additional costs and liabilities for
land managers (Knight et al. 2011) and impacts wildlife behavior and movements
(Jakes et al. 2018) so new fences should be carefully planned. Alternatives to physical
fencing, such as herding and stockmanship techniques (Cote 2019) or manipulating
water/salt/supplement placement, may also be appropriate to effectively implement
riparian grazing strategies (Table 7.2). Virtual fencing is an increasingly viable tech-
nology for achieving riparian improvements while minimizing risks associated with
traditional fencing (Campbell et al. 2018; Ranches et al. 2021; Boyd et al. 2022). For
example, virtual fencing could be used to allow only part of a stream, part of a large
wetland, or each one of a series of springs in a spring complex to be accessed by
livestock at any one time, thereby decreasing the duration of grazing and increasing
recovery time. While a variety of techniques can be used to manage livestock, riparian
functions may continue to be impaired in some instances by wild and free-roaming
horses or grazing wildlife unless animal populations are maintained at an appropriate
management level (USDI 2010).
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Table 7.2. Riparian grazing
recovery
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management strategies that often support riparian functions and

Grazing management
strategies

Rationale

Implementation monitoring
focus

Use short grazing periods

Grazed plants are not re-grazed

Provide long recovery
periods

All plants recover before
subsequent grazing event

Allow for regrowth before
winter

Vegetation growth provides
protects streambanks in spring
high water

Vary season of use from
year to year

Graze in different seasons or
phenology stages every year

Provide occasional growing
season rest

Year-long opportunity for
plants to grow leaves and roots

Dates of use/nonuse Refine by
watching for animals selecting
regrowth, nonuse is during the
growing season, and observing
plant development

Graze at moderate to light
intensity

Plants maintain leaf area to
sustain growth and growing
points

Utilization, woody species use
or stubble height

Allow woody plants to
grow

Woody plants grow above
grazing height

Woody species use

Establish riparian pasture

Fenced pasture with specific
riparian objectives

Employ herding,
stockmanship techniques

Place animals away from
riparian areas or in use areas
each with planned use periods

Varies with grazing strategy
used in pasture

Ensure pastures are cleared
of stock

All livestock moved during
pasture moves to ensure
riparian recovery periods

Check for stragglers

Graze large pasture when
upland plants are green or
microclimate preferred

Green uplands or favorable
temperature or breezes attract
livestock relieving pressure on
riparian plants

Provide off-stream water.
Scatter salt & supplement.
Select for hill climbers

Improve grazing distribution
across pasture

Grazing utilization mapping,
animal tracking

Strategies near the top work better with a high degree of animal control, while strategies near
the bottom focus more on distribution of grazing away from limited riparian areas within a large
pasture. See Swanson et al. (2015) for more details

7.5.2 Protection and Restoration

7.5.2.1 Riparian Planting

Where riparian plant communities have been lost or severely reduced, changes in
management alone may be insufficient to recover them so revegetation is required.
Re-establishment of riparian vegetation, often referred to as buffers, can improve
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water quality and shading, habitat for fish and wildlife, and overall riparian func-
tion. Matching the appropriate plant species to site conditions is key to success.
Hydrology is a primary determinant of vegetation composition and unique species
are adapted to varying degrees of inundation and soil moisture (Hoag et al. 2008). All
too often, riparian planting is done in degraded riparian areas without first addressing
the hydrology, geomorphology, or grazing management needed to sustain riparian
vegetation, leading to chronically low success rates. Realistic planting zones, based
on the elevational and lateral relationships of vegetation to surface and subsurface
water, should be used to guide planting plans (Hoag et al. 2001). Consideration of
species composition and structural diversity is also important in meeting life history
needs of wildlife, especially birds (Gardner et al. 1999). A common misperception
is that all riparian areas support woody vegetation, but many systems naturally do
not because of water source, gradient, soils, climate, or other factors. Site-specific
conditions, along with local reference areas, should be used to guide species selec-
tion and placement (Hoag et al. 2001). Techniques for revegetation include use of
live cuttings from certain woody species (e.g., willows, cottonwoods), transplanting
of bare root or container stock plants, and seeding (Gardner et al. 1999). Degraded
riparian areas can be havens for invasive species (Stohlgren et al. 1998), such as reed
canarygrass (Phalaris arundinacea), salt cedar (Tamarix spp.), and many others,
so planting efforts typically require measures to control competition and follow-
up management of weed infestations. Long-term success of revegetation hinges on
compatible grazing management, invasive species control, and promotion of essen-
tial riparian processes (e.g., hydrology, disturbance regime) needed to support and
recruit new native vegetation through time (Stromberg 2001).

7.5.2.2 Floodplain Reconnection

Levees, dams, roads, constructed channels, channel incision, and other impairments
have greatly reduced the proportion of active floodplain within valley bottoms
of many riverscapes (Tockner and Stanford 2002; Skidmore and Wheaton 2022).
Thus, a common restoration strategy is to reconnect former floodplains. Multiple
restoration approaches are used to achieve this goal, such as channel reconstruc-
tion and remeandering (e.g., Natural Channel Design, Rosgen 2011), levee and
riprap breaching or removal, floodplain lowering, dam and barrier removal, road
decommissioning, and increased instream flows/flood regimes from dam releases.
These approaches to floodplain reconnection, typically applied in larger streams and
rivers, require engineering design and expertise, heavy equipment operators, and
special permits especially where infrastructure vulnerability is high. While impor-
tant, these approaches are expensive (Bernhardt et al. 2007) and may not be practical
to address the scale of degradation of riverscapes, particularly across vast range-
lands. Alternative approaches that rely on grading, but are still cost effective and
process-based, include the “geomorphic grade line” approach to achieving Stage 0
(Powers et al. 2018). Approaches and techniques selected to enlarge or reconnect
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floodplains depend on stream size and type, hydrology, accessibility, risks, budgets,
and timelines for recovery.

Smaller headwater streams of rangeland watersheds are often overlooked for
restoration opportunities but represent the vast majority of riverscape miles across
much of the West. Here, low-tech processed-based restoration approaches (Wheaton
et al. 2019a, b; Zeedyk and Clothier 2009) can be effective, cost-efficient, and scal-
able solutions to achieve floodplain reconnection (Text Box 7.2). For example, simple
hand-built structures (e.g., post-assisted log structures, beaver dam analogues) can
be used to mimic and promote important processes of wood accumulation and beaver
dam activity that increase connectivity with active floodplains (Pollock et al. 2014;
Wheaton et al. 2019a, b).

Text Box 7.2 Low-tech process-based restoration

Bridge Creek, Oregon, was historically subject to intensive grazing, timber
harvest in the upper watershed, and beaver trapping. Large storm events in
the early 1900s led to massive valley fills, followed quickly by channel inci-
sion resulting in a lowered water table and loss of riparian vegetation. Much
of the creek became a highly simplified channel disconnected from its flood-
plain, representative of incised streams commonly found in rangelands. Early
management to reverse degradation included removal of livestock grazing,
allowing some willow recovery along the channel margins. Beaver reoccupied
the creek with increasing vegetation. Sediment aggraded quickly behind beaver
dams, but because of the force of high flows in the incised trench and the small
woody material available, the dams were short-lived.

In a watershed-scale experiment, Bouwes et al. (2016) piloted low-tech
process-based restoration using beaver dam analogues (BDAs) to improve
aggradation, beaver dam longevity, and floodplain connectivity. Researchers
installed 121 BDAs in Bridge Creek and compared hydrologic, geomorphic,
and ecological responses to a control watershed [see sample treatment reach
(a) and reference reach (b)]. Within 4 years, the BDAs accelerated beaver dam
activity nearly eightfold. The increase in dam density and stability captured
sediment, raised the stream bed, and reconnected the channel with its flood-
plain leading to higher groundwater storage, surface water temperature diver-
sity (Weber et al. 2017), and increased fish habitat quantity and complexity.
Importantly, these changes produced population-level benefits for threatened
steelhead (Oncorhynchus mykiss), representing a rare example in the scien-
tific literature documenting a positive fish population response following
restoration.
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7.5.2.3 Wet Meadow Protection and Restoration

Wet meadows can be particularly vulnerable to loss and degradation due to channel
incision, improper grazing and animal trailing, roads, intentional drainage, land use
conversion, and altered watershed hydrology. A variety of strategies are used to
protect functional meadows that remain and restore those that have been impacted.
Given the preponderance of wet meadows in private ownership (Donnelly et al.
2018), conservation easements can be an important tool used to keep wet meadows
intact, preventing loss of wetland and meadow habitats to other land uses (e.g., tillage
agriculture, development, water diversion). Incentive-based easement programs, such
as those administered by the U.S. Department of Agriculture Natural Resources
Conservation Service, offer compensation to landowners who voluntarily agree to
protect wet meadows and forego certain activities. Easements have been used to
protect critical rangeland wildlife habitats across the West, such as playas and prairie
potholes for waterfowl, meadows for sage-grouse, and mule deer migration corridors
(Doherty et al. 2013; Copeland et al. 2014; NRCS 2015).
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Channel incision is a widespread impairment affecting meadow function that has
been the focus of restoration in the western U.S. for over a century (Kraebel and
Pillsbury 1934; Ramstead et al. 2012). Early in the gully erosion process, simple
low-tech restoration methods can be effectively used to stop headcut advancement
and reconnect meadows to floodplain surfaces (Text Box 7.3, Zeedyk and Clothier
2009; Maestas et al. 2018). As the incision trench deepens, more intensive restoration
involving heavy equipment and earthwork is often conducted, such as, pond-and-plug
techniques where gullies are partially filled and water returned to the historic meadow
elevation (Rosgen 1997; Zeedyk and Vrooman 2017; Rodriguez et al. 2017). Alter-
natively, process-based restoration approaches (e.g., geomorphic grade line or low-
tech) have been used in systems where it is possible to leverage natural processes
of erosion and deposition to help aid in rebuilding healthy, connected floodplains
(Powers et al. 2018; Wheaton et al. 2019a). Roads in valley bottoms can cause or
exacerbate incision so relocating them to uplands outside or along the margin of
the valley bottom or creating hardened crossings may be part of restoration plan-
ning (Zeedyk 2006). Restoration success is linked to grazing strategies that promote
wetland and meadow vegetation, and practices like riparian pasture fencing, offsite
water, and drift fencing may be needed to discourage livestock and wild ungulates
from congregating and trailing in meadow bottoms (Wyman et al. 2006; Maestas
et al. 2018).

Text Box 7.3 Treating channel incision in springs and meadows

Channel incision in headwater meadows and springs lowers the water table,
drying out riparian and wetland vegetation. Many gullies begin at knickpoints,
or headcuts, where enough flow concentrates to erode a pour-over hole and
creating an abrupt change in elevation (a). Surface water runoff shifts from
sheetflow above the headcut to concentrated flow below which accelerates
runoff and erosion resulting in gully formation. Once started, headcuts migrate
up valley until a hard point is reached. If headcuts are caught early, simple
low-tech treatments can be implemented to protect and restore meadows and
springs (Zeedyk and Clothier 2009). Hand-built structures made of natural
materials installed at headcuts protect plant roots from further erosion while
structures placed in downstream gullies slow flow, trap sediment, and raise
water tables (b). These techniques have been used in a variety of rangeland
settings, such as the desert southwest and Colorado’s Gunnison Basin where
diverse partners are working to improve riparian resiliency and brood habitat for
imperiled Gunnison sage-grouse (Centrocercus minimus, TNC 2017; Maestas
et al. 2018; Silverman et al. 2018). Photo credits a—b: Shawn Conner, Jeremy
Maestas.
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7.5.2.4 Spring Development and Protection

Springs are interspersed throughout rangelands and play an important role in
providing reliable water for livestock and habitat for wildlife, but they are prone also
to degradation due to animal congregation, trampling, and improper grazing. Spring
development to capture flow for stock water can also contribute to loss of riparian
vegetation around springs. However, spring developments remain an essential prac-
tice to facilitate grazing management strategies to improve livestock distribution
and overall rangeland health, including riparian goals. Thoughtful planning of water
developments can protect ecological values while providing sufficient drinking water
for livestock to enable effective grazing strategies such as grazing within a shorter
duration and moving for recovery (Swanson et al. 2015). Gurrieri (2020) provides a
review of considerations and sample designs for modern spring developments.

An overarching goal of spring developments should be to provide the needed
livestock drinking water while returning as much as possible to the system and
protecting riparian soils and vegetation. Removal of water from a spring impacts
riparian hydrology and vegetation, so ideally livestock water should be sourced from
the most productive and resilient sites possible. Where available, streams may be
better alternatives for sourcing water than more fragile spring systems. Consulting a
hydrologist about source flow rates and the amount needed to sustain the system is
recommended. There are a variety of techniques that can be used in project design to
minimize negative impacts on springs during development. For example, installing
and maintaining a float valve on a trough allows the water to be automatically turned
off when the trough is full and a shut-off valve allows trough water to be with-
drawn from that area so all livestock move to the next trough and use area, leaving
unneeded water in the spring system. Splitters can also be used to ensure that only
a portion of water is diverted from the system. Adding pipelines and locating the
trough away from the source concentrates trampling away from riparian soils and
vegetation. Outdated, unused, or poorly maintained livestock water developments
are abundant across western rangelands, but rehabilitation efforts can improve site
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conditions if the water source is intact or can be restored. Fencing spring sources
(either using exclosures or pastures ) on new and old developments can help protect
them from damage by grazing animals. Wildlife-friendly fence designs (Paige 2015),
including virtual fencing where feasible (Campbell et al. 2018), should be consid-
ered to allow continued spring use by dependent wildlife. Long term maintenance is
essential and should be included in project planning.

7.6 Summary

Historically, the importance of riparian areas and their connection to uplands has been
overlooked or minimized in rangeland ecology and management. Wildlife biologists
were among the first to raise awareness of the disproportionate value of riparian areas
in sustaining biodiversity (Johnson and Jones 1977; Thomas et al. 1979). Habitat
supplied by riparian areas, in the form of food, cover, water, refugia, and corridors,
helps support unique aquatic and semi-aquatic species, as well as most terrestrial
species found in rangelands. In recent decades, a growing body of science has shown
how vital these ecosystems are for supplying a wide variety of goods and services,
ranging from water quality and flood control to wildfire and drought resilience (NRC
2002; McKinstry et al. 2004; Silverman et al. 2018; Fairfax and Whittle 2020).
Today, riparian ecology is rightfully recognized as an integral component of holistic
rangeland management and is among the top resource issues being addressed by
agencies and landowners across private and public rangelands (BLM 2021; NRCS
2021).

Enhancing the resilience of riparian areas will only become more essential for
climate change mitigation and adaptation (Seavy et al. 2009; Capon et al. 2013;
Reed et al. 2020). Increasing climate variability and extreme weather events make
inhabiting already harsh rangeland environments more difficult for wildlife and
people. Healthy riparian systems provide natural infrastructure to buffer against
climate change effects and meet growing water demands. Because many western
riparian areas have been degraded for so long (e.g., more than two centuries in
some cases), a shifting baseline of riparian expectations under-represents what is
possible (Wheaton et al. 2019a). With a current knowledge of ecology, hydrology,
and geomorphology, rangeland conservationists are better equipped to implement
management and restoration strategies necessary to realize the full riparian poten-
tial. Building riparian resiliency serves as a unifying goal to reduce vulnerability of
rangeland wildlife and human communities in a changing world.
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Chapter 8 ®)
Rangeland Biodiversity e

Torre J. Hovick, Courtney J. Duchardt, and Cameron A. Duquette

Abstract Inits simplest form, biodiversity is defined as species richness (the number
of species in a given area). More complex definitions include the variety of life
on Earth, from genes to ecosystems, and include the ecological and evolutionary
processes that sustain that life. As in other ecosystems, biological communities in
rangelands are influenced by a number of different abiotic and biotic drivers or
“filters” at both broad and fine scales, and an understanding of these processes is
critical for maintaining ecosystem services as well as addressing widespread biodi-
versity declines. In rangeland ecosystems specifically, the primary threats to biodi-
versity are habitat loss, fragmentation, and degradation through mismanagement,
which includes suppression or mis-application of historical disturbance regimes.
Restoring heterogeneity to rangelands by mimicking historical disturbance regimes
has been shown to benefit biodiversity, but the exact role of disturbance varies
widely throughout North American rangelands. As such, careful consideration of
the type, duration/periodicity, intensity, and spatial and temporal extent and config-
uration of these disturbances is necessary when managing for site-specific biodi-
versity outcomes. It is important to consider the effects of both inherent (i.e.,
either natural or historical) and human-caused variability on rangeland plant and
wildlife communities. In the future, practitioners should promote management prac-
tices that maintain and enhance biodiversity to maximize ecosystem functions and
services that improve the quality and quantity of economic (e.g., livestock produc-
tion, carbon banking) and ecological (e.g., biodiversity, sustainability) outcomes in
North American rangelands.
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8.1 Overview

In the broadest sense, biodiversity refers to the variety of life at each ecological scale
from the genome to the biome (Gaggiotti et al. 2018). We use the term biodiversity to
refer to the genetics of a population or the species within an ecological community;
in both cases, greater biodiversity would indicate greater variation among the units
of interest (genes or species, respectively). While biodiversity includes all taxa (e.g.,
plants, fungi, animals), in this chapter we focus primarily on animals, giving the bulk
of our attention to vertebrate diversity but also discussing arthropod diversity and
plant diversity as it relates to supporting animal diversity (see Chap. 26 for further
treatment of rangeland insects). We also focus largely on species diversity; although
genetic diversity is becoming increasingly important to consider, we do not expand
on that here and we refer readers to other discussions of this topic (Allendorf and
Luikart 2007; Costa and Delotelle 2008).

Animal biodiversity influences many different aspects of ecosystems. For
example, the diversity of animal species within biological communities can affect
ecological stability (Ives and Carpenter 2007), and communities can shift with the
removal of one or a few species (Paine 1966). Genetic diversity is also important, and
tracking this diversity is critical in endangered or reintroduced populations to ensure
successful recruitment and to avoid inbreeding (Allendorf and Luikart 2007). From
a management perspective, biodiversity hotspots provide high return on investment
opportunities for conservation and management because focused efforts in these
areas can protect a large suite of species (Marchese 2015).

Across spatial and temporal scales, biodiversity conservation has become a major
focus because species diversity is declining worldwide (WWF 2018; Fig. 8.1). As of
2021, current estimated extinction rates are 10—100 times higher than the average rate
over the past 10 million years (IPBES 2019). It seems all but certain that these declines
will become more ubiquitous under likely scenarios of global climate change and
human population growth (WWF 2018). Understanding the drivers and consequences
of these declines, and ameliorating them, will require an understanding of the natural
processes that support biodiversity in rangelands, the success and failures of historical
and current management strategies, and the best ways to evaluate conservation and
measure success.

Rangeland biodiversity is largely determined by climate and disturbance
regimes—the spatial and temporal characteristics of events that shape a system
over time such as fire, grazing, and extreme weather events—and earlier chap-
ters in this book highlight the central role of climatic variation and disturbance in
shaping North American rangeland ecosystems (e.g., see Chaps. 2 and 6). Range-
land wildlife in North America co-evolved within the context of dynamic climate
and disturbance regimes, leading to species adaptations that facilitate coping with
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Fig. 8.1 Rangeland biodiversity is a key conservation target worldwide. Clockwise from top left,
examples of taxa native to North American rangelands that are of conservation concern include
American bison (Bison bison), western meadowlark (Sturnella neglecta), regal fritillary (Speyeria
idalia), Texas horned lizard (Phrynosoma cornutum), swift fox (Vulpes velox), and Great Plains
toad (Anaxyrus cognatus). All taxa examples have undergone population declines and most are
considered species of greatest conservation need in states where they occur

extreme changes in resource availability and vegetation structure over time (Knopf
and Samson 1997). For example, as an adaptation to uncertain resource availability,
many wildlife populations exhibit annual migrations across states and countries [e.g.,
mule deer (Odocoileus hemionus), see Chap. 17; pronghorn (Antilocapra ameri-
cana), see Chap. 19], seasonally or in altitude [e.g., greater sage-grouse (Centro-
cercus urophasianus), see Chap. 10], or even across continents (e.g., rangeland
songbirds, see Chap. 12; waterfowl, see Chap. 13). Other species evolved to be
more nomadic, continuously following resources as they became available across
the plains [e.g., American bison (Bison bison); see Chap. 23]. As such, range-
land wildlife species often exhibit lower levels of sife fidelity relative to taxa in
forested ecosystems in order to take advantage of an ever-shifting landscape (Jones
et al. 2007; Jonzén et al. 2011). While climatic variability plays a central role in
defining North American rangelands, other forms of disturbance also have impor-
tant roles in maintaining the complexity of rangelands (Knopf and Samson 1997;
Fig. 8.2). For example, fire, roaming bison herds, and burrowing mammals histor-
ically served to alter plant communities and landscape structure in multiple ways
(e.g., increased bare ground, reduced vegetation structure, altered forage quality and
soil nutrient content, greater structural heterogeneity) throughout North American
rangelands. But, some of these same disturbances (fire, bison herbivory) were much
less influential farther west within the sagebrush steppe because reduced herbaceous
biomass in these systems (driven by different timing and frequency of precipitation)
did not historically facilitate frequent fire or dense grazer populations (Innes and
Zouhar 2018).
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Fig. 8.2 North American rangeland biodiversity is driven in large part by gradients in increasing
moisture from west to east and increasing temperature from north to south as well as the seasonal
distribution of these weather gradients. As a consequence, rangelands vary greatly in predominant
herbaceous taxa and vegetation structure, which in turn influences community structure of flora and
fauna and overall biodiversity

Although many North American wildlife species co-evolved in the context of
frequent disturbance, the unpredictability of resources and heterogeneity inherent
in these disturbance regimes has long been considered incompatible with live-
stock production goals (Fuhlendorf et al. 2017). As a result, the suppression of
natural disturbances, especially fire, has occurred in disturbance-dependent range-
lands (particularly, grasslands) of North America from European settlement to the
recent past. Furthermore, suppression of disturbances for the perceived benefit of
livestock has been linked to detrimental changes in rangeland wildlife communities,
threatening biodiversity (Fuhlendorf et al. 2012; see Chap. 6). Conversely, climate
change and invasive plants have increased disturbance frequency and intensity in
western rangelands (particularly, shrubsteppe ecoregions), killing fire-intolerant big
sagebrush (Artemisia tridentata) and reducing habitat availability for sagebrush obli-
gates like sage-grouse (Centrocercus spp., Chap. 10; Bagne et al. 2012; DiTomaso
et al. 2017).

If we view biodiversity simply as species richness (i.e., the number of species
present), rangelands often have lower richness compared to other biomes with most
biodiversity hotspots found in parts of the tropics, and especially tropical forests. The
broad-scale drivers of these relationships are discussed elsewhere (MacArthur 1958;
Brown 1995), but include the relationship of increasing niche space with greater
vertical structure provided within forested ecosystems (MacArthur and MacArthur
1961) as well as links between greater solar energy, increased vegetation productivity
and resource availability (Clarke and Gaston 2006), all of which facilitate greater
species richness. However, species richness is just one dimension of biodiversity.
This metric does not capture the evenness (i.e., all species having similar abundance
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versus a few highly abundant species and many rare) of species within the community,
the conservation status of those species, the role they play in the community [e.g.,
keystone species (Paine 1969), ecosystem engineers (e.g., Chap. 15), whether they
are components of a mutualism], or how genetically and/or functionally unique
they are among regional and global taxa. Understanding rangeland biodiversity in
North America requires considering all these aspects while keeping in mind the
other services we utilize and expect from our rangeland systems, including livestock
production.

Within this chapter, we take a broad view of rangeland biodiversity in North
America, examining the mechanisms that shape and limit biodiversity (Sect. 8.2),
how to measure and manage for biodiversity in rangelands (Sects. 8.3 and 8.4), and
forces that threaten rangeland biodiversity (Sect. 8.5).

8.2 Processes that Influence Rangeland Biodiversity

One way to conceptualize the formation of ecological communities, and the diver-
sity therein, is through the lens of abiotic and biotic filters (Gotzenberger et al. 2012;
Kraft et al. 2015). Put simply, this recognizes that the presence of a species in a
given location is a function both of landscape and regional-scale drivers of species
range [e.g., temperature gradients or drought (Choat et al. 2012; DeBello et al. 2013;
Keddy and Laughlin 2022)], but also finer-scale drivers including species interac-
tions like intraspecific or interspecific competition (Connell 1983; Chen et al. 2010),
herbivory (Moolman and Cowling 1994), or predation (e.g., keystone species, Paine
1966). In rangelands, climatic gradients are major abiotic filters of species ranges.
For example, we see much higher abundance of reptiles in southern rangelands as
compared to northern (or high elevation) rangelands because of thermal limits of
ectotherms (Fig. 8.2). The same north—south temperature gradient drives a transition
in dominant photosynthetic pathway of grasses from C3 to C4 in hotter southern
grasslands (Teeri and Stow 1976). Precipitation gradients east to west across North
American rangelands also drive major shifts in vegetation, which in turn influence
wildlife communities. For example, tall grasses transition to short grasses as average
precipitation decreases and precipitation variability increases moving east to west
(Anderson 2006). Moving further west, as precipitation regimes shift from spring/
summer-dominated to winter-dominated, we observe a shift towards shrublands;
sagebrush (Artemisia spp.) becomes more common where snowmelt is a dominant
source of soil moisture (Schlaepfer et al. 2012), with desert shrublands occurring in
the warmer parts of the southwest that experience extreme drought in late spring and
summer (Gao and Reynolds 2003). Other abiotic filters include nutrient and hydro-
logical cycling processes. Some important filters that influence species occurrence,
like soils, are more difficult to categorize as biotic or abiotic because they are a
combination of the two, but soil type plays a major role in vegetation communities,
and thus can help in determining wildlife occupancy and community composition
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(Evans et al. 2017). The natural and anthropogenic disturbances that shape range-
lands are another major filter (Fuhlendorf et al. 2017), as some species benefit from
disturbances while others are less disturbance tolerant. Finally, species interactions
like predation, competition, and mutualisms all serve as fine-scale biotic filters that
determine where certain species can occur. As an example in rangelands, researchers
have noted that coyotes (Canis latrans) and swift fox (Vulpes velox; Fig. 8.1) rarely
co-occur because the larger coyote behaviorally excludes, and sometimes even depre-
dates, swift fox (Kitchen et al. 1999). Below we discuss some of the major drivers
of biodiversity in rangelands, and how they impact rangeland wildlife.

8.2.1 Climate

Climate, or long-term weather patterns, can be characterized as average temperature
and precipitation over time. However, in complex landscapes like the western United
States, this simplistic description may be inadequate to describe the many factors
influencing the climate. More appropriately, climate also includes factors like timing
of precipitation, amount of sunshine, average wind speed and direction, number
of days above freezing, weather extremes, and ocean currents. Climate is a major
factor in determining biomes and critical for shaping overall species diversity (Begon
et al. 2006) and macroecological theory suggests that patterns of diversity (i.e.,
species richness) are limited by ambient energy at high latitudes and moisture at
low latitudes (Hawkins et al. 2003). Across North American rangelands, we see
climate driving taxonomic composition of wildlife communities, with proportionally
more mammals and migratory breeding birds in more northern rangelands, and more
herpetofauna and resident or wintering 