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Abstract

Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings: ecology and management of pinyon-juniper
communities within the Interior West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 411 p.

A symposium held September 15—-18, 1997, in Provo, UT, and Sanpete County, UT, provided information on the
ecology, management, resource values, and restoration of pinyon-juniper communities in the Interior Western
United States. The conference was hosted by the USDA Forest Service, Rocky Mountain Research Station and
the Utah Division of Wildlife Resources in cooperation with personnel from other agencies and organizations. Oral
and poster presentations were given by scientists, land managers, and educators. Also included was a field tour
to observe distribution and areas of occurrence of various woodland types. Mechanical chaining and seeding
demonstrations exhibited operational procedures, removal of competition, and creation of multiple seedbeds.
Comparisons of older treatments where introduced species were planted were made with more recent restoration
plantings designed to restore native understory herbs and shrubs. The field tour also emphasized identification and
characterization of successional or transition stages resulting in thresholds in vegetative composition that influence
management practices.

This conference focused on four topics. First was identifying the principal pinyon-juniper community associations,
defining areas of distribution, and characterizing climatic, biotic, edaphic, and human influences upon community
structure. Second were several discussions of resources associated with pinyon-juniper communities. Topic three
focused on methodologies and practices available to restore disturbed pinyon-juniper woodlands to natural
assemblages of native species. The fourth topic examined the implications of management practices upon
community distribution, species composition, and presence of introduced species. Management to sustain diverse

- pinyon-juniper communities is an important issue. In addition, management of disturbed sites is equally important

as weeds continue to invade and spread, fire frequency and damages are increasing, and continued alteration of
plant communities limits management options.

Keywords: restoration, range resources, succession, cheatgrass, native seed, watershed, wildlife, soil

Sponsors and Cooperators

USDA Forest Service, Rocky Mountain Research Station

Utah Division of Wildlife Resources

USDA Agricultural Research Service

USDA Forest Service, Intermountain Region

Department Botany and Range Science, Brigham Young University
Division of Continuing Education, Brigham Young University

Utah State University

Rocky Mountain Research Station
324 25th Street
Ogden, UT 84401



Proceedings: Ecology and Management of
Pinyon-duniper Communities Within the
Interior West

September 15-18, 1997

Brigham Young University
Conference Center
Provo, Utah

Compilers:

Stephen B. Monsen

USDA Forest Setrvice

Rocky Mountain Research Station
Shrub Sciences Laboratory

735 North 500 East

Provo, UT 84606

Richard Stevens (Retired)

Utah Division of Wildlife Resources
Great Basin Research Area

540 North Main

Ephraim, UT 84627

Technical Coordinators

Dwight Bunnel

Utah Division of Wildlife Resources
1597 West North Temple

Salt Lake City, UT 84114-6301

Sherel Goodrich

USDA Forest Service
Ashley National Forest
355 North Vernal Avenue
Vernal, UT 84978

Kimball T. Harper (Retired)

Department of Botany and Range Science
Brigham Young University

Provo, UT 84602

Rick Miller

USDA Agricultural Research Service
HD 714.15 HWY 205

Burns, OR 97720

Robin J. Tausch

USDA Forest Service

Rocky Mountain Research Station
University of Nevada

920 Valley Road

Reno, NV 89512

Robert Thompson

USDA Forest Service
Manti-La Sal National Forest
599 West Price River Drive
Price, UT 84501

Sustaining and Restoring a Diverse Ecosystem

RMRS-FILE COPY







Contents

Introduction ...............

Stephen B. Monsen
Richard Stevens

W. A. Laycock

Robin J. Tausch

Neil E. West

George E. Gruell

Jeanne C. Chambers
Eugene W. Schupp
Stephen B. Vander Wall

Robert S. Nowak
Darrin J. Moore
Robin J. Tausch

James A. Young
T. J. Svejcar

Kimball T. Harper
James N. Davis

Renee A. O'Brien
Sharon W. Woudenberg

Robert M. Thompson
Simon A. Lei

Sherel Goodrich
Natalie Gale

Darren Naillon

Kelly Memmott
Stephen B. Monsen
Stephen C. Bunting
James L. Kingery
Eva Strand

Steven K. Rust

Page
........................................................................................................................................... 1
Symposium on Pinyon and Juniper Ecology, Restoration, and
Management: INTFOQUCHION .......cccecviiiiiniieir ettt e s s s e mae e neeeane e 3
........................................................................................................................................... 5
Ecology and Management of Pinyon-Juniper Communities Within
the Interior West: Overview of the “Ecological Session” of the Symposium ................... 7
Historic Pinyon and Juniper Woodland Development .........cccvceviiccvenncciieesnnnecescrennennes 12
Distribution, Composition, and Classification of Current Juniper-Pinyon
Woodlands and Savannas Across Western North America.......co.occcniiecinicicinieniens 20
Historical and Modern Roles of Fire in Pinyon-JUniper ..........cccovinrceinieiniecnnesiecennee, 24
Seed Dispersal and Seedling Establishment of Pifion and Juniper
Species within the Pifion-Juniper Woodland...........cocceeveeriireeiinesinne et 29
Ecophysiological Patterns of Pinyon and JUNIPEr ...........cceverrvcinnincinnicnrnicnceennnnnennes 35
Harvesting Energy from 19th Century Great Basin Woodlands.........cccccvvevecnieeniieninnn. 47
Biotic, Edaphic, and Other Factors Influencing Pinyon-Juniper
Distribution in the Great Basin .........ccceveiecveririre et s 51
Description of Pinyon-Juniper and Juniper Woodlands in Utah and
‘Nevada From an Inventory Perspective ... veeeeceincrecii it 55
An Example of Pinyon-Juniper Woodland Classification in Southeastern Utah ........... 60
Gradient Analysis of Pinyon-Juniper Woodland in a Southern Nevada
1Y Lo W a1 2=Vl g =T To = RO 64
Cheatgrass Frequency at Two Relic Sites Within the Pinyon-Juniper
STt e S T=Te IO 14 Y o] o R 69
A Comparison of Understory Species at Three Densities in a
Pinyon-duniper WOoOdIaNd ..........ceeeiviieeiiineriirin s siens s scssssescscs s ssessnnsesss sensansnses 72
Effects of Succession on Species Richness of the Western Juniper
Woodland/Sagebrush Steppe MOSEIC......c.ccvrieerririeiriirnee e e 76

Pinyon-Juniper Woodland Classification and Description in Research
Natural Areas of Southeastern 1daho........cccceverevciini e 82



Simon A. Lei

Simon A. Lei

Chad S. Horman
Val Jo Anderson

N. J. Brian
P. G. Rowlands
D. A. Jameson

Allen Huber
Sherel Goodrich
Kim Anderson

D. J. Weber

E. D. Bunderson
J. N. Davis

D. L. Nelson

A. Hreha

Jeffrey A. Creque
Neil E. West
James P. Dobrowolski

Angela R. Jones
Bruce N. Smith

Lee D. Hansen
Stephen B. Monsen
Richard Stevens

Dennis D. Austin
Clare L. Poulsen
Scott C. Walker

Richard Stevens

John E. Mitchell

Tree Size and Ring Width of Three Conifers in Southern Nevada

Host-Parasite Relationship Between Utah Juniper and Juniper Mistletoe
in the Spring Mountains of Southern Nevada

Utah Juniper Herbaceous Understory Distribution Patterns in Response
to Tree Canopy and Litter Removal ......coocviieiineiveercnce e e
Resurvey of the Vegetation and Soils of Fishtail Mesa: A Relict

Area in Grand Canyon National Park, Arizona

Diversity with Successional Status in the Pinyon-Juniper/Mountain
Mahogany/Bluebunch Wheatgrass Community Type Near

Dutch John, Utah ......cccoiiiic e e
Diseases and Environmental Factors of the Pinyon-Juniper

Communities

Methods in Historical Ecology: A Case Study of Tintic Valley, Utah

Calorimetric Study of the Effects of Water and Temperature on the
Respiration and Growth of Small Burnet and Alfalfa

Changes in Plant Composition within a Pinyon-Juniper Woodland

Soil Seed Banking in Pinyon-Juniper Areas With Differing Levels
of Tree Cover, Understory Density and Composition

Distribution of Pinyon-Juniper in the Western United States

......................................

Thomas C. Robertts, Jr.

Resource Values

James E. Bowns

Sherel Goodrich
Bruce A. Roundy
Jason L. Vernon
James P. Dobrowolski

Francis J. McCarthy llI
James P. Dobrowolski

............................................................................................................................................

Ecology and Management of Pinyon-Juniper Communities Within
the Interior West: Overview of the “Resource Values Session”

Of the SYMPOSIUIM c...eoiiiiiieeiete e s s e
Multiple Use Management Based on Diversity of Capabilities and

Values Within Pinyon-duniper Woodlands .........c.ccccvvvmiiiiiiiiinenccciiis e,
Watershed Values and Conditions Associated with Pinyon-Juniper

Communities

...............................................................................................................

..................................................

Watershed-Scale Research in a Juniper Ecosystem

Hydrogeology and Spring Occurrence of a Disturbed Juniper
Woodland in Rush Valley, Utah

..................................................................................



Theresa M. Lowe
James P. Dobrowolski

Charles L. Greenwood
Sherel Goodrich
John A. Lytle

Mitchell J. Willis
Richard F. Miller

William H. Kruse

Craig G. White
Jerran T. Flinders
Rex G. Cates
Boyde H. Blackwell
H. Duane Smith

Michael L. Morrison
Linnea S. Hall

Michelle L. Commons
Richard K. Baydack
Clait E. Braun
Kathleen M. Paulin
Jeffrey J. Cook

Sarah R. Dewey
Merrill Webb

Joel C. Janetski

Erosion and Deposition in a Juniper Woodland: The Chicken or the EgQ? .........cc.....

Response of Bighorn Sheep to Pinyon-Juniper Burning Along
the Green River Corridor, Dagget County, Utah .........cccooonnnviinininciieennnn,

Importance of Western Juniper Communities to Small Mammals

Commercial Fuelwood Harvesting Affects on Small Mammal
Habitats in Central AfZONA .......cecceeiiiinicerrcer e e e

Dietary Use of Utah Juniper Berries by Gray Fox in Eastern Utah ...........c.ccooeiennenne.

Habitat Relationships of Amphibians and Reptiles in the Inyo-White
Mountains, California and Nevada ..........ccccccciereieiierieen e ss e rene e s e s

Sage Grouse Response to Pinyon-Juniper Management.....c...ccccccvvvininininiiennnnnen

Pinyon-Juniper Woodlands as Sources of Avian DIversity ........ccccccevivinininiveniienn,

Importance of Pinyon-Juniper Habitat {0 Birds .......c..occcevniiinniiiiiciiieieen,

Role of Pinyon-Juniper Woodlands in Aboriginal Societies of the

DESEIT WESL ...ttt e b e
Peter F. Ffolliott Past, Present, and Potential Utilization of Pinyon-Juniper Species ...........ccccoceeennie.
Gerald J. Gottfried )
William H. Kruse
Sherel Goodrich Endemic and Endangered Plants of Pinyon-Juniper Communities ...........c.ccceceneniee
Lori Armstrong
Robert Thompson
Ecological ReStOration ...ttt

Robert B. Campbell, Jr.

John A. Fairchild

Richard Stevens

Richard Stevens

Ecology and Management of Pinyon-Juniper Communities Within
the Interior West: Overview of the “Ecological Restoration” Session
Of the SYMPOSIUM ..ot e e

Pinyon-Juniper Chaining Design Guidelines For Big Game Winter
Range Enhancement Projects ........ccccvvvieiiiniieeen it
Mechanical Chaining and Seeding

Restoration of Native Communities by Chaining and Seeding ........cccocveeiiniiiccenninnne,

200



James H. Chadwick
Deanna R. Nelson
Carol R. Nunn
Debra A. Tatman

Douglas Sorensen

Brian F. Jacobs

Richard G. Gatewood

M. E. Farmer
K. T. Harper
J. N. Davis

Vicente L. Lopes
Peter F. Ffolliott
Malchus B. Baker, Jr.

Harry Barber
Paul Chapman

Sid Goodloe
Samuel R. Loftin

lvan Erskine
Sherel Goodrich

Sherel Goodrich
Chad Reid

Mike Pellant
Julie Kaltenecker
Steven Jirik

E. Durant McArthur
Stanford A. Young

Scott C. Walker

Mark Majerus
Susan Winslow
Joe Scianna

Melissa V. Britton
Val Jo Anderson
R. D. Horrocks
Howard Horton

Sherel Goodrich
Allen Huber

Thinning Versus Chaining: Which Costs MOre? ........cccovvveveevecinies e 290

Advantages and Effectiveness of Rollerchopping.......ccovevveieincircevcneneceeriresseseeae 293
Restoration Studies in Degraded Pinyon-Juniper Woodlands of
North-Central NEW MEXICO .....uivvuiviiiiiiiiiiiieiiecrierccrererseeeesseen e sssese s sesae s sssaessssseesssseneens 294

The Influence of Anchor-Chaining on Watershed Health in a
Juniper-Pinyon Woorland in Central Utah...........ccoeeoiiiriiien et 299

Impacts of Vegetative Manipulations on Sediment Concentrations
from Pinyon-Juniper Woodlands ........ccccocvericiircicieeiieienniee s seee e ssseeesssssesssssessessnessnes 302

The Panguitch Wildlife Habitat Improvement Project........cccovvvvivininnnnnnniininns 306
Watershed Restoration Through Integrated Resource Management on

Public and Private Rangelands .........cccccvvecirriiinnsincniir e recrns s csnseenns 307

Initial Response of Soil and Understory Vegetation to a Simulated
Fuelwood Cut of a Pinyon-Juniper Woodland in the Santa Fe National Forest.......... 311

Applying Fire to Pinyon-Juniper Communities of the Green River
Corridor, Daggett County, Utah ........coccevvieeiiiirenrcceenr ettt 315

Soil and Watershed Implications of Ground Cover at Burned and
Unburned Pinyon-Juniper Sites at Rifle Canyon and Jarvies Canyon .........cc.cocoveeene 317

Use of OUST® Herbicide to Control Cheatgrass in the Northern
Great Basin ... s e e 322

Development of Native Seed Supplies to Support Restoration of

PinYON-JUNIPEE SIES ...oovviiciirree ettt e st sb e s s b sar e 327
Species Compatibility and Successional Processes Affecting Seeding

Of PINYON-JUNIPEr TYPES ....cvvverieiscrireree s snrs sttt e sanes 331
Native Plant Solutions for Conservation Problems .........ccccvericiiinnnnciiinennnninecnn. 338

Evaluation of Plant Materials for Use in Reclamation of Disturbed
Rangelands in Semi-Arid Areas of Northern Utah ... 339

Response of a Seed Mix and Development of Ground Cover on
Northerly and Southerly Exposures in the 1985 Jarvies Canyon Burn,
Daggett County, ULah .......ccccoveriiieniiiiiniicicicni e 346



Richard Stevens

Regrowth of ‘Ladak’ Alfalfa on Pinyon-Juniper Rangelands Following

Scott C. Walker Various Timing and Types of Spring USE ......cocccviriirrie e
Stuart Wooley
Management IMPlICAtIONS ... e e rens s seb e

Mike Peliant

Robin J. Tausch

Lee E. Eddleman

Deanna R. Nelson
John A. Fairchild
Carol R. Nunn-Hatfield

Rick Miller
Robin Tausch
Wendy Waichler
Rick Milier

Tony Svejcar
Jeff Rose

Sherel Goodrich
Brian Barber

Tony Svejcar

Tom J. Eager

Thomas C. Roberts, Jr.

Sherel Goodrich
Dustin Rooks

G. Allen Rasmussen
Robin Tausch
Steve A. Bunting

Linda MacDonald

Ecology and Management of Pinyon-Juniper Communities Within
the Interior West: Overview of the “Management Implications Session”
Of the SYMPOSIUM ...eoiiiiiii e e e e s e s e e s s s s s ase e e ses s ntbeerans

Transitions and Thresholds: influences and Implications for
Management in Pinyon and Juniper Woodlands .......ccccoccccceviniiicnenin e,

Ecological Guidelines for Management and Restoration of Pinyon
and Juniper WoOodIands .......c.cievciniiicinciieercccrieseresseeeeseeseessatrerressssnsssssneeessssnssseneans

Political Guidelines for Management and Restoration of Pinyon

and JUniper WOOGIANAS .........ccceccmiereiieciiere s eceseseceeeesesisssesssresasssssssesssssessnnnssssnens

Old-Growth Juniper and Pinyon Woodlands...........cccccciinnnnniiniiin oo,

Conversion of Shrub Steppe to Juniper Woodland...........ccoveevimiiniiniiennncniiiinnnn

Return Interval for Pinyon-Juniper Following Fire in the Green River
Corridor, Near Dutch John, Utah .........cccoiireviiiinccnncniiin s

Implications of Weedy Species in Management and Restoration of
Pinyon and Juniper Woodlands .........ccccvveenriisomnnrrinnrssessseessises s ssssssssses e

Factors Affecting the Health of Pinyon Pine Trees (Pinus edulis) in

the Pinyon-Juniper Woodlands of Western Colorado ........... e

The Budgetary, Ecological, and Managerial Impacts of Pinyon-Juniper
and Cheatgrass FirS ...t ferrr s reares e s ssnsrr e s e s e

Control of Weeds at a Pinyon-Juniper Site by Seeding Grasses...........cceevvvivernccnnene

Use of the Helitorch to Enhance Diversity on Riparian Corridors in
Mature Pinyon-Juniper Communities: A Conceptual Approach .........cceceeevnvriiieennenn,

Wildfire Rehabilitation in Utah ..........coovvieeiiiemiieiicicireene e eereer e e se s eennaa e sesaenes






Introduction

Ecology

Resource
Values

Ecological
Restoration

Management
Implications







Introduction







Symposium on Pinyon and Juniper Ecology,
Restoration, and Management: Introduction

Stephen B. Monsen

Richard Stevens

Pinyon and juniper woodlands provide human, wildlife,
soil, water, and other ecologically important resources. These
woodlands are an integral part of the landscape of large
geographical regions of the Interior Western United States.
Conditions and diversity of this type are critical. Managing
pinyon and juniper woodlands to sustain tree and under-
story associations becomes more practical as the ecology of
this type is better understood. For example, knowing how to
manipulate management practices could help in modifying
successional changes on a landscape basis.

To help reach the goal of increased knowledge, a
multiagency-supported symposium brought Federal, State,
and local government officials, university researchers, pri-
vate companies, and private individuals together for 4 days
in the autumn of 1997 at Brigham Young University, Provo,
UT. This resulting proceedings is a step toward accumulat-
ing knowledge, and perhaps will foster cooperation and
partnerships among the large array of private and public
entities interested in the vast Interior Western ecosystem.

In this introduction we highlight some of the themes and
criticalissues that arose during the symposium, noting some
of the management options.

The Western Setting

Within the Interior West, different species of pinyon and
Jjuniper occur with diverse shrubs and herbs forming distinct
associations. The total area occupied by pinyon and juniper
woodlands is not precisely mapped and described because
various associations exist with different assembly of species,
highly variable tree densities, and age classes, making the
task of mapping difficult. In addition, climatic and biotic
factors influence changes in plant composition, creating
both expansion and decline of common woodlands.

Recent studies have better defined the interaction be-
tween environment and vegetative changes in pinyon and
Jjuniper woodlands and non-tree species than have previ-
ously existed. For example, changes are evident in the paleo-
ecological records, and multiple stages of plant succession
have been identified and can be used to predict general
changes in landscape ecology. More recent studies show us
the influence of disturbances on the long-term patterns

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.

Stephen B. Monsen is Botanist, Rocky Mountain Research Station, Shrub
Sciences Laboratory, 735 North 500 East, Provo, UT 84606. Richard Stevens
was Project Leader/Research Biologist (retired), Division of Wildlife Re-
sources, Great Basin Experiment Station, Ephraim, UT 84627.

USDA Forest Service Proceedings RMRS-P-9. 1999

of change and the potential recovery of specific plant
associations.

Of particular concern is the presence and effect of thresh-
olds on successional development of these woodlands. Al-
though other plant communities may also express stages or
thresholds as changes occur, once particular thresholds are
reached within a pinyon and juniper woodland, subsequent
changes are set and are not likely altered. Factors affecting
these changes may include topography, soils, climate, his-
tory of use, fires, and tree presence. Influences operate over
extended periods, affecting large regions and landscapes.
Highly variable plant communities currently exist due to
different stages of plant succession and to the recent expan-
sion of both pinyon and juniper.

Understanding the structure and composition of pinyon
and juniper woodlands is essential in identifying thresholds
and their influence on returning communities to earlier
status through management or active restoration. Selection
of sites for improvement can be based on a better under-
standing of the ecological status and potential for natural
recovery. Woodlands that support a sufficient array of un-
derstory species and can recover by elimination of tree
competition can be better defined and treated. Sites that
may require seeding to restore understory herbs and shrubs
or may be subject to weed invasion can also be better
identified.

Management Issues

Many pinyon and juniper communities within the West, like
many other plant associations, have been subjected to inten-
sivelivestock grazing. Thisimpact, along with recent changes
in fire regimes and localized tree harvesting, has contrib-
uted to changes in tree presence, age structure, density, and
particularly to the composition of understory species. Loss of
habitat, diminished watershed conditions, and the recent
increase of weeds have created serious management prob-
lems. In addition, increases in wildfire frequency caused by
the presence of annual weeds, and increases in the frequency
of devastating wildfires within overgrown stands of trees,
are a more recent problem associated with disturbed wood-
land conditions. The decline and loss of understory species
coupled with anincrease in tree overstory ultimately results
in a loss of species richness and likely conversion to a
dominance of undesirable weeds. Recent appearance of more
troublesome and persistent perennial weeds within pinyon
and juniper communities creates additional need to retain
native understory species.

These issues have been a concern to land managers for a
long time. Various interagency steering committees and
organizations (including this symposium) have addressed



these and other issues. Ecology of pinyon and juniper com-
munities was the first topic addressed in this conference.
Although considerable information is lacking, a much better
understanding of the distribution, community composition,
and patterns of change, particularly of disturbed woodlands,
is now available. Descriptions of stages and patterns of
community degradation are better identified and under-
stood. Factors influencing annual weed invasion and result-
ing conversion of woodlands to annual grasslands coupled
with increasing fire frequency is also much better docu-
mented. Areas and sites that have degraded with dimin-
ished amounts of understory species and are likely to revert
to weeds can now be better identified and treated.

Management Alternatives

Artificial restoration of pinyon and juniper woodlands has
received considerable attention. Practices that included
removal of existing trees to reduce competition have often
been criticized as unnecessary, site destructive, and not
ecologically sound. However, examination of existing infor-
mation does not support these assumptions. Restoration or
enhancement of any disturbed community including shrub-
land associations, upland herb communities, or weed-in-
fested sites requires reduction of existing competition, cre-
ation of suitable seedbeds, and actual seeding. In most
situations, elimination of competition is accomplished by
mechanical tillage or application of selective herbicides.
Plowing, disking, or related tillage treatments are the most
common means of mechanical treatment. These procedures
reduce competition and aid in creation of required seedbeds.
Such practices can seriously disturb soils and tend to elimi-
nate most existing vegetation.

Chaining and cabling practices were selectively tested
and adapted to treat woodlands as minimal impacts occur to
soils and understory species. Chaining has proven to be the
most versatile practice available to selectively reduce trees,
prepare diverse seedbeds, and facilitate planting mixtures
of seed. Percent of trees removed and percent and depth of

soil surface thatistilled can be easily regulated by modifying
operational procedures. Chaining coupled with aerial seed-
ing of select species that require minimal seedbed prepara-
tion has proven universally successful within this commu-
nity type. Including the use of tractor-mounted seed dribblers
to plant seeds that benefit from being more deeply incorpo-
rated in the soil has provided the necessary method required
to seed most species. These techniques provide the means to
successfully restore most species native of the pinyon and
juniper woodlands by seeding.

Significant progress has been achieved in developing
native seeds in sufficient amounts required to restore di-
verse communities. Seeds are now available from commer-
cial companies are adapted ecotypes of many native species
that can be used on a variety of sites. This has resulted in a
slow but steady transition from rehabilitation plantings
involving the use of introduced species to more complete
restoration plantings using site-adapted native species. A
much greater array of native speciesis currently available to
restore pinyon and juniper communities than any other
vegetative type that exists in the West. If properly planned,
restoration of native communities through artificial seedings
can be achieved on large projects. Regulations are in place to
assure native seed of site-adapted ecotypes and species are
harvested, produced, and marketed.

Older plantings in pinyon and juniper communities dem-
onstrate that altering tree encroachment and restoration of
diverse communities is attainable and can be ecologically
maintained. Restoring communities to improve watershed
stability, improve wildlife habitat, and prevent weed en-
croachment is feasible and ecologically attainable. Seeding
introduced species, principally perennial grasses, to protect
disturbances and prevent further site degradation can be
successful, but can interfere with natural recovery processes.

We hope future conferences and partnerships will con-
tinue our knowledge sharing, always keeping in mind that
sustaining and restoring pinyon and juniper woodlands will
play a major role in achieving and maintaining a diverse
ecosystem in the Interior Western United States.

USDA Forest Service Proceedings RMRS-P-9. 1999
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Ecology and Management of Pinyon-Juniper
Communities Within the Interior West:
Overview of the “Ecological Session” of the

Symposium
W. A. Laycock

Abstract—Categories of papers in the “Ecological Session” were
history and ecological change, distribution, classification, ecology
and physiology, succession and diversity, and disease. Substantial
changes have taken place in pinyon-juniper woodlands over the
past 150 years. Coinciding with and following early extensive
localized harvesting, these woodlands have been dramatically ex-
panding and thickening. Several authors predicted future large,
severe fires. Ecological research reported included seed dispersal
and banks, seedling establishment, and ecophysiological relations
of pinyon and juniper. One model presented illustrated the process
of increases in tree density and cover and corresponding decreases
in understory. This model would explain most of the processes and
results reported in the other papers.

I discuss the plenary and poster papers in the “Ecological
Session” in six broad and somewhat uneven categories,
with considerable interrelations among them: (1) History
and Ecological Change, (2) Distribution, (3) Classification,
(4) Ecology and Physiology, (5) Succession and Diversity,
and (6) Disease. I analyze strengths, weaknesses, and gaps
in coverage of the ecology of the pinyon-juniper type in this
symposium. Except where noted, all author references here
refer to papers in this section of these proceedings, and the
reader is encouraged to study the entirety of each paper.

History and Ecological Change

Trends since Pleistocene

Tausch outlined the landscape position held by juniper
and pinyon in the Great Basin from the Pleistocene to the
present. He emphasized that climatic change influences the
key ecological processes that drive vegetation change. Veg-
etation types such as pinyon-juniper have shifted hundreds
of miles north and south and also up and down in elevation
during glacial cycles.

The fact that substantial changes have taken place in
the pinyon-juniper woodlands in the past 150 years is one of
the reasons for this symposium. According to Tausch, this

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15~18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.

W.A. Laycock is Professor Emeritus, Department of Renewable Resources,
University of Wyoming, Laramie, WY 82071-3354.
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period was characterized by: (1) a warming climate follow-
ing the Little Ice Age, (2) the period of the heaviest use by
European livestock, and (3) a decrease in wildfire frequency.
These factors, in combination, enabled trees Juniper and
pinyon) to establish in and then dominate new communi-
ties, expand to both higher and lower elevations, and, more
recently, dramatically thicken in tree densities and cano-
pies of both existing and new stands.

Harvesting After Settilement

Young and Svejcar summarized the history of tree har-
vesting in the pinyon-juniper woodlands in the late 19th
century—harvesting that mainly provided energy for min-
ing, industries, and domestic purposes. All over the Great
Basin, use of pinyon and juniper wood for home heating
and cooking was widespread until use of fossil fuels became
common after World War II.

In the 1860’s, the existing pinyon or juniper trees in
the vicinity of large mining operations in Nevada and
California were quickly exhausted. The demand for charcoal
was so great that deforestation became a severe problem. In
Nevada, Young and Svejcar estimated that 4,000 to 5,000
acres of woodland had to be cut annually to supply the
Eureka District. By 1874, the mountain slopes around
Eureka were denuded of accessible pinyon and juniper for
20 miles, and the average hauling distance from charcoal pit
to smelter was estimated to be 35 miles. This 70 mile
diameter cutting circle covered about 2.5 million acres of
which 0.6 million acres may have been pinyon-juniper
woodlands.

On a much smaller scale, Creque and others examined
vegetation patterns and change in the past 120 years in the
Upper Tintic Valley in Utah. Although their study could not
define presettlement conditions, massive harvesting of
pinyon-juniper also took place for early mining, domestic,
and agricultural activities. Domestic fuelwood consumption
from 1870-1900 was estimated to be as much as 74,000
cords. Total woodland harvest in the Tintic Valley from
1870 through 1900 may have been as high as 86,000 ha, with
74,000 cords cut for domestic fuelwood. All of these figures
represent the maximum possible wood removed and not all
are well documented.

The early period of widespread tree harvesting was fol-
lowed by a the significant regionwide woodland expansion in
the recent past (Creque and others). West stated that cur-
rent conditions are far from the presettlement situation
when much more savanna and less woodland and forest
existed in the area where relatively dense pinyon-juniper
stands now exist.



Role of Fire in Pinyon-Juniper Systems

Gruell studied fire history based on fire-scarred trees in
three areas showing a history of repeated fires. Presettle-
ment fire intervals ranged from a mean of 8 years in the
Walker River area of Nevada, 13 years at the Hart Moun-
tain and Sheldon Refuges in Oregon, to 50 to 100 yearsinthe
Great Basin National Park in Nevada. In the past, fires
occurred more frequently on deeper soils which produced
an abundance of fine fuels. Less frequent fires were found on
shallow soils and rocky sites which produced less fine fuel.

Gruell concluded that presettlement fires were common
in the pinyon-juniper woodlands of the Great Basin. This
fire regime was dramatically altered after settlement be-
cause of fire suppression and of heavy grazing, which re-
moved fine fuels. This has resulted in increased density and
crown cover of pinyon-juniper along with a more recent
buildup of ground fuels. This has resulted in a shift from
more frequent, low intensity, small fires, to less frequent
but larger, high intensity fires. Gruell contended that
“considering the extent of the fuel buildup, severe fires in
the Great Basin will continue and perhaps become more
frequent.” West also stated that “The future holds in-
creased probability of crown-fires, invasion by introduced
annuals and short-lived perennials, and then repeated
burning and permanent site degradation unless seeding of
desirable understory takes place expeditiously.” Tausch
predicted the same future scenario.

Distribution

Area Covered by Pinyon-Juniper

Estimates of total area covered by pinyon and juniper
varied considerably in the papers in the symposium. Some,
but not all, of the discrepancies are because of differences in
area considered.

Author Acres Area Considered
West 75 million ~ SW U.S. and Mexico
Nowak and 74 million Not specified

others
Weber and 99-124 million SW U.S.

others
Horman & 60 million Nevada, Utah, Colo.
Anderson New Mexico, Arizona
O'Brien &

Woudenberg 45.3 million Intermountain West
Bunting 42 million NW Great Basin &
and others S. Columbia Basin

Mitchell and Roberts probably reported the most accurate
figures, based on satellite imagery. They estimated that
pinyon-juniper covered 55.6 million acres in the entire
Western United States.

Altitudinal Distribution

Drought and frost during the growing season limits distri-
bution of pinyon-juniper woodlands to relatively narrow

altitudinal belts on the sides of mountains. In western
Utah, Harper and Davis found that elevation of pinyon-
juniper sites on granite averaged 1,926 m while those on
sandstone averaged 1,341 m. Lei reported pinyon-juniper
woodland occupied the area from approximately 1,250 to
2,6000 m in elevation in southern Nevada. West stated
that pinyons are less tolerant of drought and early spring
frosts than junipers and usually dominate the middle
elevations while juniper tend to dominate both the higher
and lower elevations of the woodland belt.

Nowak and others reported that juniper has greater
drought tolerance and that pinyon is more responsive to
increased water and nitrogen. Lei studied the environmen-
tal variables of a pinyon-juniper woodland along an eleva-
tional gradient in a canyon in southern Nevada. Four pri-
mary species groups were identified with increasing
elevation: blackbrush, big sagebrush, singleaf pinyon, and
ponderosa pine. Species distribution was associated with
elevation, soil moisture, air temperature, percent bare soil
and rock cover, and soil depth.

In contrast to these reported results and published else-
where, West and others reported that in the western part of
the pinyon-juniper range, pine dominates or is the only tree
in the upper elevations of these woodlands. (West N. E.,
Tausch, R. J. and Tueller, P. T. 1998. A management-
oriented classification of pinyon-juniper woodlands of the
Great Basin. Gen. Tech. Rep. RMRS-GTR-12. Ogden, UT:
U.S. Department of Agriculture, Forest Service, Rocky Moun-
tain Research Station.)

Classification

Tausch stated that “The understory is central to under-
standing the ecology and ecosystem function of a site.”
Within the Great Basin, pinyon-juniper woodlands repre-
sent multiple communities and ecosystems that are better
identified by the understory species. This complexity is
increased and often obscured by successional stages of
each community. West stated that juniper-pinyon savannas
and woodlands have understories that are floristically and
structurally more variable than the overstory. Generally,
the understory is compositionally similar to that of adjacent
grasslands, shrub steppes, chaparral, and forests.

Classification Systems

Winward reported that, because of the complex geology
and terrain, past climatic fluctuations and human distur-
bances, past attempts at classification of pinyon-juniper
communities have only been marginally successful. He pro-
posed the following step-down (hierarchical) classification:

Geographic Units (as homogeneous as possible)

Series-Level based on dominant tree species

Associations based on a dominant understory shrub
species

Sub-Associations based on prominent herbaceous species

West and others (cited earlier in this paper) published a
hierarchical approach to classification of pinyon and juni-
per woodlands that appears similar to, but perhaps more
comprehensive than, the one presented in the proceedings
by Winward.
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Rust used a similar system to classify pinyon-juniper
woodlands on 12 research natural areas in southeastern
Idaho. He identified four series: singleleaf pinyon, Rocky
Mountain juniper, Utah juniper, and curl-leaf mountain-
mahogany. Within these series he described 23 plant asso-
ciations based on differences in understory species.

Forest Inventory

About 40 percent of the 45.3 million acres of the pinyon-
juniper and juniper woodlands in the Intermountain
West occur in Nevada and Utah (O’Brien and Woudenberg).
Net volume of wood was estimated at more than 10 billion
cubic feet or about 137.5 million cords. About 53 percent of
the woodland stands in Utah and 67 percent in Nevada
were estimated to be between 40 and 120 years old. Only 20
percent of stands in Utah and 9 percent in Nevada are
more than 200 years old.

Ecology and Physiology

Seed Dispersal of Pinyon and Juniper

Chambers and others studied seed dispersal and seed-
ling establishment of pinyon and juniper species. Birds
disperse pinyon seeds a distance of several meters to 5 km.
Some birds and rodents make caches of pinyon seeds,
which are important sources of new tree seedlings. Many
mammals consume and disperse juniper seeds including
rodents, rabbits, predators, deer, and livestock. All pass
some seeds intact, which can enhance germination.

Chambers and others found that pinyons have relatively
short-lived seeds that form only temporary seed banks.
Junipers have a rather continuous seed bank because of
long-lived seeds with gemination being delayed by im-
permeable seed coats, immature or dormant embryos, or
germination inhibitors. Pinyon seedlings often require a
nurse plant to survive, while juniper seedlings survive in
open spaces almost as well as under the canopy of shrubs or
trees. Areas under shrubs and trees often have higher
concentrations of nutrients and organic matter and higher
infiltration rates, making microenvironmental conditions
favorable for many conifers. Ecotones between woodlands
and adjacent shrublands or grasslands often provide favor-
able microhabitats for seedling establishment. Over time,
and without periodic fires, this process would help to explain
the expansion of the boundaries of pinyon-juniper wood-
lands in many areas.

Seed Banks of Non-Tree Species

Poulsen and others studied the soil seed bank of all
species in pinyon-juniper sites in central Utah ranging
from closed stands with minimal understory to open stands
with excellent understory communities. As tree cover in-
creased, the numbers of understory species and seeds in the
soil seed bank decreased. The composition shifted from
perennial grasses and shrubs in the moderately depleted
and nondepleted understories to annuals and perennial
forbs in the depleted understory.
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Ecophysiological Patterns of Pinyon and
Juniper

Nowak and others examined the ecophysiological pat-
terns of pinyon and juniper and found that these trees
generally are conservative in their acquisition and use of
resources. Maximum assimilation and conductance rates
and tolerance to severe water stress are considerably less
for pinyon and juniper than for sagebrush. These conser-
vative ecophysiological traits of pinyon and juniper donot, in
themselves, provide for success but may benefit the conifer
speciesby enhancing establishment and growth undernurse
plants. The relatively low nutrient content per unit of
foliage may allow the conifers to produce more foliage
biomass per unit of ground area than sagebrush. These
traits coupled with greater longevity allow the conifers to
establish under nurse plants and then grow and ultimately
outsize and outlive the shrub competitors.

Succession and Diversity

Relation of Tree Density to Species
Diversity

The development of mature pinyon and especially juniper
woodlands has often resulted in decreases in the herbaceous
and shrub understory components. Bunting and others
studied the effects on species richness caused by thickening
of Western juniper stands and encroachment onto deeper
soils in the northwestern portion of the Great Basin. Devel-
opment of Western juniper woodland vegetation resulted in
reductions of shrub and herbaceous plant cover and species
richness. Many perennial herbaceous species were associ-
ated primarily with early to mid-seral communities and not
found in the late seral communities dominated by trees.
Maximum landscape species richness and species diversity
would occur when all structural and seral stages are repre-
sented within a watershed. This emphasizes the need to
reintroduce or include smaller scale disturbances, such as
fire, as a process in landscape dynamics.

In northeastern Utah, Huber and others also found that
both alpha and beta diversity were highest in seral com-
munities where pinyon and juniper canopy cover did not
exceed 20 percent. In woodland communities where canopy
exceeded 30 percent, both understory cover and diversity
were severely depressed.

Overstory/Understory Relationships

Miller and others presented a model of the conversion of
shrub steppe to juniper woodlands in the absence of fire in
eastern Oregon and northeastern California. Perennial forb/
grassland and shrub steppe communities are fire driven
systems. During the early stages of tree establishment, the
transition is reversible, mainly by fire. Shrubs begin to die
as the woodlands approach mid development, which de-
creases the probability of a fire intense enough to kill the
large juniper trees. By the mid to late stages of this transi-
tion, a threshold is crossed where reversal to a shrub steppe
community is unlikely (See figure 2 in Miller and others).



Crossing the mid to late development threshold often is
characterized by a loss of native herbaceous species, possi-
bility of dominance by alien annuals, the potential loss of
surface soil, and the loss of habitat for many wildlife
species, which are abundant in the shrub-steppe communi-
ties. Tausch discussed other thresholds important to the
understanding of woodland dynamics. The relationships
illustrated in the Miller and others’ model help explain the
results of many of the papers in this session. The model also
would be quite helpful in evaluating potential resource
problems, determining wildlife habitat values, and setting
realistic goals and time frames for management. Svejecar, in
the “Management Implementation Session,” also suggested
that state-and-transition models be developed for pinyon-
juniper systems.

Horman and Anderson studied the effects of removal of
juniper tree canopy and litter on the understory in Utah. In
undisturbed woodlands, cover, understory plant abundance,
and seedling emergence were quite low but were higher in
the under the tree canopy than in the interspaces. Canopy
removal decreased plant abundance and seedling emer-
gence in the canopy zone but had no effect in the interspace.
Litter removal had no significant effect on perennial species.
This study was conducted only for 3 years, possibly too short
a time for the effects of canopy removal to become evident.
More likely, this site had crossed the threshold referred to by
Miller and others, and the understory had lost the ability to
respond to the canopy removal.

Naillon and others studied the relation of understory
species frequency between canopy and interspaces between
trees at different tree densities. As tree density increased,
associated herbaceous cover and species diversity decreased.
Sandberg bluegrass had higher frequency values under tree
canopy than in the interspace at low tree densities. No
difference occurred at high tree densities. At all tree densi-
ties, cheatgrass frequency values were higher under the
canopy than in the interspaces.

Alien Annual Species in the Understory

Goodrich and Gale studied frequency of cheatgrass
(Bromus tectorum) on two relic sites within a pinyon-juniper
belt in northern Utah. The sites were protected by cliffs and
steep slopes and probably had little or no historic livestock
use. One area had burned about 80 years ago and the other
had an open stand of trees even though it had not burned in
the past 150 years. Cheatgrass was by far the dominant
understory species on both sites. Its abundance indicates a
capacity to drive plant community dynamics both after fire
and in areas that had not recently burned, and even in
areas where human and domestic livestock activities have
been low. They concluded that the concept of potential
natural communities based on only native species is seri-
ously challenged by the dynamics of cheatgrass. Refusing to
recognize cheatgrass within the site potential will not re-
duce its presence nor its potential to dominate a community.
Tausch reported that the dominance of cheatgrass repre-
sents arecognizable threshold in pinyon-juniper woodlands.

Svejcar, in the “Management Implications Session,” also
discussed the invasion of cheatgrass and other weeds in
disturbed areas. If a good cover of perennial species exists
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before disturbance, cheatgrass and other weeds often are
not a problem. If considerable annuals are present, they
likely will dominate the site after a disturbance, and seeding
of adapted species may be required (Tausch). A state-and-
transition model, including situations with presence and
absence of cheatgrass and other annuals, would help
managers make more informed decisions.

Jones and others studied drought tolerance of small bur-
net (Sanguisorba minor) and six cultivars of alfalfa
(Medicago sativa), two nonnative species that might be
suitable for planting on specific sites. Small burnet was
more drought tolerant than alfalfa.

Changes Over Time in Mature Stands

While large changes have occurred in areas where trees
have invaded or thickened, re-surveys of mature pinyon-
juniper stands reported in this session showed little change,
at least over relatively short periods. Austin found little
change over 23 years (1974 through 1997) in trees, shrubs,
grasses, or forbs in a mature pinyon-juniper community in
northeastern Utah. In a relict area in Grand Canyon Na-
tional Park, Brian and others found only slight changesin a
mature pinyon-juniper woodland over 38 years (1958 through
1996).

Disease

Only two papers dealt with diseases of pinyon and
juniper. Weber and others reported that a number of patho-
gens occur on Pinus edulis and Juniperus osteosperma. The
most frequent pathogens on junipers are rust fungi. Mistle-
toe is more common on pinyon than juniper but occurs on
both species. Mold/mildew diseases, wood rot, needle blight,
shoot dieback and needle cast are common in juniper.

In southern Nevada, Lei found that taller Utah juniper
trees were more likely to be infected by parasitic mistletoe
than shorter trees. Mistletoe significantly reduced leaf wa-
ter potentials, vigor, viability, and reproductive success of
the host tree.

Discussion

Substantial changes have taken place in pinyon-juniper
systems over the past 150 years. Tausch provided the his-
torical basis for the Ecological Session by pointing out that
this period was characterized by a warming climate, heavy
livestock grazing, and a decrease in fire frequency. After
the early exploitation of these woodlands for wood, these
factors enabled pinyon and juniper to establish and then
dominate new communities as well as thicken in existing
stands. Young and Svejcar summarized the heavy tree
harvesting for industrial and domestic purposes since 1900
before the current expansion and stand thickening.

Gruell provided evidence of pre- and postsettlement fire
history for three areas. This type of research needs to be
repeated all over the Great Basin and other areas where
pinyon-juniper woodlands now exist. Gruell, West, and
Tauschindicated thatlarge severe fires coveringlarge areas
in the future will be the result of crown closure or fuel
buildup.
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The greatest lack of agreement among authors con-
cerned the total area covered by pinyon-juniper woodlands.
Figures presented ranged from 45 million to 120 million
acres. The 55.6 million acre figure of Mitchell and Roberts
probably was the most accurate because it was developed
from satellite imagery.

Tausch stated that the understory is key to the under-
standing of the ecology and ecosystem function in pinyon-
juniper woodlands. The hierarchical classification systems
of Winward, Rust , and West and others (cited previously)
start with some large geographic unit, then to the dominant
tree species, and only then to the dominant shrub and
herbaceous species. If the understory is, indeed, the key to
understanding pinyon-juniper systems, then classification
systems need to recognize that fact in a more positive
manner.

Ecological and physiological research reported in this
symposium that should lead to a better understanding of
how pinyon-juniper woodlands function included seed dis-
persal and seedling establishment mechanisms of pinyon
and juniper, understory seed banks, ecophysiological
mechanisms of pinyon and juniper species, and species
diversity at different seral stages. The papers by Miller
and others and Tausch probably provided the most useful
synthesis of the processes involved in the conversion of
shrub steppe to juniper woodland. Miller and others sug-
gested a model showing increase in tree density and corre-
sponding understory changes. If a system crosses a thresh-
old of tree cover and density, the process cannot be reversed,
and the site becomes a woodland. This model explains the
results of a great many papers in this session and should be
read by anyone interested in the ecology or management of
pinyon-juniper. Svejcar, in the “Management Implications
Session,” recommended that one or more state-and-transi-
tion models be developed for pinyon-juniper systems. The
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model proposed by Miller and others along with the
thresholds defined by Tausch, could be developed into a
state-and-transition model.

The Goodrich and Gale paper also is quite important to
the understanding of the ecology of pinyon-juniper wood-
lands as well and many other ecosystems. They found that
an alien species, cheatgrass, was the dominant species on
two pinyon-juniper stands in Utah that had little or no
historic disturbance by livestock or humans and 80 to 150
years since the last fire. They pointed out that a prevalent
concept in management is that preservation of native
plant communities will prevent or eliminate cheatgrass
(and perhaps other alien annuals). This is not consistent
with reality in many situations. If a woodland with an
understory dominated by cheatgrass burns, the site then is
dominated by cheatgrass and other annuals. Because such
sites may re-burn every 3 to 5 years (West and others), they
often are permanently converted from a woodland to an alien
grassland. Thus, the domination of cheatgrass is a recogniz-
able and important threshold in these woodlands (Tausch).

Similar management concepts, such as those that permit
seeding of only native species in severely disturbed pinyon-
juniper stands, likewise may be questionable. Site adapted
native species are not available in sufficient amounts to
adequately restore extensive disturbances. To prevent ero-
sion and keep alien annuals from invading, adapted,
drought-tolerant introduced species often will be required
to stabilize disturbances until suitable native species be-
come available. In this situation, it seems ecologically
undesirable and economically unwise to insist that only
native species be seeded. This is especially true if rather
large areas have to be seeded to prevent erosion or cheat-
grass invasion following extensive wildfires, and if the
large sums of money required to purchase expensive native
seed are not available.
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Historic Pinyon and Juniper Woodland

Development
Robin J. Tausch

Abstract—Climate change influences the ecological processes driv-
ing regional vegetation change. With the paleoecological and geo-
morphological perspective of Holocene history, it is apparent that
each vegetation change interacting with the environment sets the
conditions for the next vegetation change. Because of interactions
between vegetation change and environment, particularly for non-
tree species, pinyon-juniper woodlands of the Great Basin represent
multiple communities and ecosystems. Multiple successional stages
occur in repetitive, but constantly changing, mosaics across the
landscape. Tree expansion over the last 150 years has set up the
conditions for the possible decline in woodland area from large fires
over the next 150 years. To manage these woodlands, better defini-
tions of what is woodland versus other communities are needed that
account for their long-term patterns of change and interacting
cycles of disturbance and succession.

To understand the dynamics of Great Basin woodlands,
knowledge of their development is necessary. At the core of
current and historic woodland development is climate.
Through the control of energy and water, climate is the most
important factor in the occurrence and distribution of eco-
systems and communities (Bailey and others 1994). Land
form is the major modifier of climate. Climate change and its
topographic modifications influence key ecological processes,
driving both local and regional vegetation changes
(Betancourt and others 1993; Woolfenden 1996). These
changes cascade up and down between scales of space and
time. History shows us that about the only thing we can
predict about climate is that it will change. It is when and
how it will change, and how communities will respond, that
we largely do not know.

The combination of available paleobotanical proxy data
from woodrat midden and pollen records from the late
Pleistocene through the Holocene reveals that individualis-
tic species responses to climate change have driven consid-
erable vegetation change (Betancourt 1996; Betancourt and
others 1990; Nowak and others 1994a; Tausch and others
1993; VanDevender and Spaulding 1979; Woolfenden 1996).
Theserecords are the most detailed for the last 4,000 to 5,000
years(Wigand and others 1995). Past environmental changes
can also equal or exceed the importance of the current
environmental conditions in determining the growth, devel-
opment, and competitive and successional dynamics of cur-
rent communities (Millar 1996, Woolfenden 1996). Each

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.

Robin J. Tausch is Project Leader, Rocky Mountain Research Station, 920
Valley Road, Reno, NV 89512,
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change in the vegetation, in turn, sets up the community
conditions that interact with the next environmental change
to set the direction and magnitude of the next vegetation
change. Without an understanding of the history of past
change, it is not fully possible to adequately explain current
woodland patterns or ongoing changes. This is particularly
true for the last 5,000 years and involves a shift in our
perception of time to scales more appropriate to how Great
Basin ecosystems function because functions change as an
ecosystems respond to changing climate (Millar 1997, Tausch
1996).

With climate it is often the effects of its variability, and
particularly its extremes, not the means, that have the most
influence on community changes (Betancourt and others
1993). The types, frequencies of occurrence, outcomes of
extreme events, and how vegetation responds vary with
location across the Great Basin. Biological and ecological
changes resulting from climatic variation have been studied
primarily at the organismic and community level, and more
rarely, at the ecosystem or regional scale (Betancourt and
others 1993). Better understanding of historical climatic
and community changes, and present ecosystem influences,
at regional scales is central to successful ecosystem
management.

On geologic time scales, most ofthe Great Basinis aregion
or zone of transition between northern coniferous forests
and southern deserts that has shifted hundreds miles north
and south during each glacial cycle. As community composi-
tion has continually changed, both between and within
glacial cycles, these changes were modified by the topogra-
phy of the region. There have been major shifts through time
in the trees’ location, their abundance, and their relative
contribution to communities.

Historical Changes

Historical woodland development through the Holocene
can be divided into 10 time periods. These periods have been
based primarily on information provided by Wigand and
others (1995) from the analysis of pollen data. I have modi-
fied the number and timing for these periods based on
additional information from geomorphic studies of the Co-
lumbia River system (Chatters and Hoover 1992); from
Betancourt and others (1993), from west and central Nevada
woodrat midden (Tausch and Nowak 1998) and geomorphic
and community studies (Chambers and others 1998), and
from studies in the Sierra Nevada Mountains (Millar 1996,
Woolfenden 1996).
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Pleistocene: More Than 11,500 Years BP

Semiarid woodlands were about 1,000 m lower in eleva-
tion and 500 to 600 km further south at the last glacial
maximum about 18,000 years BP (Spaulding 1985;
VanDevender and Spaulding 1979; Wells 1983; Wigand and
others 1995; Woolfenden 1996). Woodlands during the Pleis-
tocene were largely limber pine, bristlecone pine, and white-
bark pine, and were largely open with the understory com-
munities dominating the cover. The dense pinyon-juniper
woodlands present today were mostly absent from the Great
Basin until after about 10,000 years BP (Thompson 1990;
Woolfenden 1996). Both western and Utah juniper were
present in the Pleistocene but were apparently scattered
around lower elevation areas of the Great Basin protected by
topographically modified climate (Nowak and others 1994a;
Thompson and others 1986; Wigand and others 1995). Pin-
yon was restricted to the valley floors and mountain slopes
at the southern edge of the Great Basin (Nowak and others
1994b; Thompson 1990; Woolfenden 1996). Toward the end
of this period, pluvial lake levels were dropping and many
genera oflarge herbivores were becoming extinct (Betancourt
and others 1993).

Early Holocene: 11,500 to 8,000 Years BP

The climatic conditions of the early Holocene were very
different than in the previous 100,000 years of the Pleis-
tocene. Climate during the Holocene, however, has also
never been constant long enough for any strong interspecies
relationships to develop. In southern Nevada, pinyon-juni-
per woodlands replaced limber pine at intermediate eleva-
tions as temperatures warmed (Thompson 1990; Wells 1983;
Wigand and others 1995). This time period also saw the
beginnings of the northward movement of pinyon into the
Great Basin and expansion of juniper out of its more north-
erly refugia (Nowak and others 1994a,b; Woolfenden 1996).
During this early Holocene period, pinyon was apparently a
minor component of the juniper dominated woodlands
(Spaulding 1985; Thompson 1990; Wigand and others 1995).
The ability of both tree genera to dominate a site increased
in the Holocene, especially in the absence of disturbance
such as fire. The species composition of all communities
continued to change over this period of the Holocene (Nowak
and others 1994a,b).

Mid-Holocene: 8,000 to 5,500 Years BP

This was the warmest part of the Holocene. In the mid-
Holocene the woodlands and upper tree lines were 300 to 500
m higher in elevation than today (Jennings and Elliot-Fisk
1993; Wigand and others 1995; Woolfenden 1996). Lake
Tahoe was also 10 to 15 m below its geologic rim. Trunks of
trees that established along the lower shoreline during this
period, and were then drowned when the lake level rose, still
exist in the Lake (Furgurson and Mobley 1992; Lindstrom
1990). Many desert shrub species in the Great Basin in-
creased in abundance (Mehringer and Wigand 1990; Tausch
and Nowak 1998; Wigand 1987; Wigand and others 1995).
Some expansion in the range of the woodlands also occurred.
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Early Late Holocene: 5,500 to 4,500
Years BP

A gradual but erratic increase in precipitation occurred
following the mid-Holocene (Chatters and Hoover 1992;
Davis 1982; Mehringer 1987, Wigand 1987), and there was
additional migration of both juniper and pinyon northward
into the Great Basin. This period also had the first evidence
of western juniper in northeastern California and eastern
Oregon (Mehringer and Wigand 1990; Miller and Wigand
1994; Wigand and others 1995). The range in woodland
distribution continued to slowly increase during this time
period.

Neoglacial: 4,500 to 2,500 Years BP

The Neoglacial period was much cooler and wetter than
the mid-Holocene (Davis 1982; Grayson 1993; Wigand 1987;
Woolfenden 1996). Western juniper expansion continued
into the northernmost Great Basin (Wigand 1987), and this
expansion accelerated in the middle of the period. Much of
the remainder of the pinyon and juniper range expansion in
Nevada and Utah occurred during this period and was
accompanied by a reduction in desert shrub vegetation.
Pinyon abundance increased relative to that of juniper
(Thompson and Kautz 1983). The increase in range for the
trees was largely at mid and low elevations (Mehringer and
Wigand 1990). Woodland extent and density at mid to low
elevations was possibly equal to that present today (Kinney
1996; Wigand and others 1995, Wigand 1998). Large in-
creases in grass are associated with evidence of periodically
occurring fire. Upper tree line lowered in elevation in the
White Mountains (LaMarche 1973), in the Sierra Nevada
Mountains (Scuderi 1987), and in the Canadian Rockies
(Luckman 1990). The Great Salt Lake Desert apparently
flooded during the latter part of the period (Mehringer 1977,
Thompson and Kautz 1983), and Mono Lake reached its
highest level since the early Holocene (Stine 1990).

Post-Neoglacial Drought: 2,500 to 1,300
Years BP

Following the Neoglacial there was a significant drop in
precipitation, but temperatures apparently remained rela-
tively cool (Chatters and Hoover 1992). Coinciding with this
severe drought was a region wide decrease in woodland
density and extent and increasing dominance of desert
shrub vegetation that was dominated by Chenopods, par-
ticularly greasewood (Wigand and others 1995). Juniper
declined less than pinyon (Thompson and Kautz 1983).
Major geomorphic changes from floodplain construction and
rapid alluvial fan development occurred to the north (Chat-
ters and Hoover 1992). Similar alluvial fan building and
aggradation of valley floors, along with reductions in plant
diversity, occurred in central Nevada during this period
(Chambers and others 1998).
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Medieval Warm Period: 1,300 to 800
Years BP

This period had warmer temperatures (Grove and Switsur
1994) and an increase in precipitation from the previous
period, but also saw a shift in precipitation with a greater
proportion coming in late spring and early summer (Davis
1994; Leavitt 1994). Winter conditions may have also been
milder (Wigand and others 1995), reducing snowpack and
lake and stream levels (Born 1972; Stine 1994; Woolfenden
1996). These climate changes resulted in an increase in
grass abundance (Wigand and Nowak 1992), and the pres-
ence of buffalo (Agenbroad 1978; Butler 1978; Schroedl
1973). About 1,000 years BP, there was a brief juniper
woodland expansion in the north and the maximum domi-
nance of pinyon was centered about 1,200 years BP (Wigand
and others 1995). The Fremont Indian Culture, with its
corn-based agriculture, occurred in many areas of the east-
ern Great Basin at this time.

800 to 550 Years BP

This is an unnamed dry period that is reflected in tree ring
studies (Holmes and others 1986; Woolfenden 1996), and the
reduction of lake levels (Stine 1990). It was also accompa-
nied by cool temperatures and again had a decline in tree
dominance (Wigand 1987; Wigand and Rose 1990), an in-
crease in desert shrubs, and an increase in fire in some
locations (Wigand and others 1995). Some of the previous
extent in woodland distribution was also lost. The Fremont
Indian Culture disappeared from the Great Basin during
this time period.

Little Ice Age: 550 to 150 Years BP

The Little Ice Age was a cooler and initially wetter period
during which glacial advances, possibly the largest of the
Holocene, occurred (Naftz and others 1996; Woolfenden
1996). Upper tree lines were the lowest of the last 7,000
years in the Sierra Nevada and growing season tempera-
tures were low until about 1850 (Stine 1996) A gradual
increase in dominance and range of the woodlands began
following the decline that occurred following the Neoglacial
(Mehringer and Wigand 1990). This increase included west-
ern juniper in the north and primarily pinyon in the rest of
the Great Basin (Nowak and others 1994a,b). This expan-
sion in range, although not so much in density, was well
underway when the first Europeans arrived (Wigand and
others 1995).

Wehave someidea ofthe plant communities of the last 400
to 500 years of the Little Ice Age because it is the vegetation
that was in the Great Basin when the first European explor-
ers crossed through it. For climatic periods prior to the Little
Ice Age, we have much less information on Great Basin
communities, but they were different (Woolfenden 1996).
Species presence information from middens (Tausch and
Nowak 1998) tell us that during the Little Ice Age, the
species composition of many Great Basin riparian communi-
ties was at least as diverse, particularly in herbaceous
species, as in any other wetter period of the Holocene. These
Little Ice Age communities were also different than what is
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present at the same locations today. Even though the Little
Ice Age represents our best understanding of past vegeta-
tion, major gaps in knowledge are still present.

Despite a similar extent in woodland distribution, tree
dominance patterns within that range were very different
during the Little Ice Age compared to what is present today.
Many sources of evidence, including relict woodlands, tree
age-class ratios, fire scars, and historic documents (Gruell,
this proceedings) indicate that particularly during the drier
(Woolfenden 1996) part of the Little Ice Age woodlands were
more open with the trees either found in savannas or
confined to scattered fire-protected sites (Wigand and others
1995).

Throughout the Little Ice Age, the vegetation of the Great
Basin has been represented by a matrix of nontree-domi-
nated communities with pockets of woodlands and indi-
vidual trees scattered through it. This appears to have been
a dynamic equilibrium maintained by many factors includ-
ing a cold, somewhat dry climate (Woolfenden 1996) and a
higher fire frequency. These high fire frequencies did not
occur everywhere. Maybe as much as one-fourth of the
present woodlands fire return intervals may have been in
centuries, rather than decades.

Overall, the geographic range of woodland trees during
the Little Ice Age was close to what now exists, but the
abundance within those areas was less. Interestingly, thisis
a pattern that is typically seen during the early stages of
invasion by a new species. The advance does not occur as a
solid front but first occurs as pockets or small populations
establishing in scattered locations across the landscape. The
scattered advance is then followed by a filling-in of the
intervening spaces and eventual dominance of the area. The
processes of this last step is what has been occurring in the
woodlands since the end of the Little Ice Age.

Recent: 150 Years BP to the Present

The beginning of this period coincides with several impor-
tant changes in the environment that occurred simulta-
neously. The most important of these changes were (1)
cessation of the hunting, gathering, and burning by popula-
tions of indigenous people that had occurred during the
Little Ice Age (Creque 1996), (2) a change in climate with
rising temperatures (Ghil and Vautgard 1991; Woolfenden
1996), (3) the period of heaviest livestock use of the region
following European settlement with its effects on plant
competition and fire potential, (4) a decrease in wildfire
frequency along with increasing wildfire suppression efforts
in the latter part of the period (Bunting 1994), (5) increasing
atmospheric CO, levels that are changing community com-
petitive interactions (Farquhar 1997) and favoring the domi-
nance of large woody perennials (Polley and others 1996),
and (6) an increasing availability of nitrogen from air
pollution.

Whatever the combination of factors were that had main-
tained the Little Ice Age prevalence of a scattered distribu-
tion of trees, they changed with the mid nineteenth century
end of the Little Ice Age. With those changes, the ability of
the trees to successfully establish into and dominate many
new communities increased. Movement of woodlands into
higher elevations, as well as to lower elevations, has accom-
panied these recent changes (Blackburn and Tueller 1970;
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Miller and Rose 1995; Tausch and others 1981; West 1984;
Wigand and others 1995). Dense, tree-dominated woodlands
are now possibly as much as three times as common as at the
end of the Little Ice Age (Tausch and others 1981).

Key to this expansion is the ability of the tree species to
establish into many new communities (Chambers and oth-
ers, this proceedings). They clearly have effective methods of
seed dispersal that results in a sufficient number ending up
in sites suitable for germination. Once germinated, many of
the tree seedlings become established into the invaded
communities and successfully compete with, and eventually
dominate, the other plant species present (Nowak and oth-
ers, this proceedings). With their longevity topping 500
years, the last ice advance ended only a few score genera-
tions ago for both pinyon and juniper (Betancourt and others
1993). This implies that the increased establishment rate is
not a new adaptation by the trees, but the result of recent
environmental changes.

For the last several thousand years, woodlands through-
out the southwest have also been significantly affected by
direct human manipulation (Denevan 1992; Kohler 1992)
and the role of humans in past woodland dynamics must be
considered (Betancourt and others 1993). The major differ-
ences between prehistoric management, and management
occurring following European settlement, have been impor-
tant contributors to the recent changes in the distribution,
structure, and composition of the woodlands.

Current Situation

Knowledge of woodland history helps in understanding
the woodlands of today in many ways. About halfof the plant
taxa present today in the Great Basin are found scattered
through the woodrat midden and pollen paleorecord of the
last 30,000 plus years (Thompson 1990; Nowak and others
1994a,b). All the associations of plant species with each
other, and with the communities represented, have changed
considerably and continuously. This is also true over the last
4,000 to 6,000 years and has included the distribution and
density of both pinyon and juniper. These changes have
occurred too frequently for clear links between soils and
vegetation to form on a regional basis in Great Basin pinyon-
juniper woodlands (West and others 1998).

Recent management activities have been largely based on
a view that woodlands are the matrix, and imbedded within
it are all the species assemblages found in the understory.
This is a view based on what has been visible over only the
last halfto three-quarters of a century. With the full perspec-
tive of Holocene history, plant species found in the under-
story of today’s woodlands, and in the majority of locations,
have generally existed in a variety of shrub and grass-
dominated communities for far longer periods of time than
they have in tree-dominated communities. Because tree-
dominated woodlands have been much more temporary or
transitory, it is the nontree-dominated communities that
are the matrix within which are imbedded pockets of wood-
lands of various successional stages.

Despite the similarity in appearance, pinyon-juniper wood-
lands of the Great Basin do not represent a single natural
geographic division or natural land type. Both pinyon and
Jjuniper have large ecological amplitudes. Species of both
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genera can be found growing with other species ranging from
Joshua trees at the lower elevations to limber pine and
bristlecone pine at the upper elevations. Because pinyon-
juniper woodlands of the Great Basin represent such a large
area, they are an assemblage of many ecosystems at more
regional and local levels that are dominated by one or more
of the woodland tree species.

Many of the individual shrub taxa present in Great Basin
communities can also have wide ecological amplitudes (West
and others 1978; West 1984; West and others 1998). Al-
though not as large as those for the trees, their range of
occurrence still must be considered as reflecting real differ-
ences in broad-scale environments across the region that
could be important for management. The same is true for
many dominant perennial grasses. If the trees were not
present, the Great Basin area now covered by woodlands
would be an array of many different communities. This is
consistent with the size of the region, the range of environ-
mental conditions, and the species diversity present over the
Great Basin.

One contribution to our lack of recognition of the shrub-
grass communities in tree-dominated areas probably comes
from acommunity interpretation where disturbance is some-
thing abnormal and external to, or separate from, the com-
munity. Although they are suppressed by the dominance of
the trees, these communities are still largely there. All the
environmental differences their presence represents are
still important. The understory is central to the understand-
ing of the ecology and ecosystem function of a site. This is
probably why there are no species clearly identified with
tree-dominated pinyon-juniper woodlands as can occur in
many more mesic forest types. All other species present in
the woodlands were also part of the sagebrush-grass domi-
nated communities that preceded the trees. The trees can be
a component of many communities, but history shows their
dominance only represents one possible stage in the succes-
sional cycles of those communities. Thus, for most areas,
and appropriate time scales, dominance by trees has been
transitory.

The location in the basin, the topography, the soils, and
the climate that dictates the differences between these
communities still influence how the sites respond to changes,
even when tree-dominated. The outcome of management
activities, the affects of introduced exotics, and the types and
successional patterns following fire are generally indepen-
dent of the appearance of similarity in the structure in the
tree layer. Understory community differences are more
indicative of finer scale environmental controls and carry
more information on how a specific site will respond if the
trees are removed by some disturbance.

Additional community variation occurs because individual
mountain ranges in the Great Basin are not independent.
Their relative sizes and, in particular, their orientations to
each other significantly affect each other’s environment as
they interact with storm system development and move-
ment. These interactions between mountain ranges also
affect how climate and vegetation change with positionon a
mountain. The environment and vegetation found at a
specific location on one mountain can vary depending on the
size, shape, and orientation of adjacent mountains. Interac-
tions between altitude and physiographic position can also
modify the effects of both latitudinal and longitudinal
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zonation. Because of the general north-south orientation,
some very long ranges can encompass a considerable range
of environments.

The same abiotic component may have a different influ-
ence in one species mix than in another, and in one location
than in another, both between and within mountain ranges.
Changes in the surrounding landscape can drive changes at
the site level even if that site has seen minimal change. All
interact through time to affect and drive future community
changes. The level of influence that topography, soils, and
environment have on ecosystems in the Great Basin varies
with latitude and with altitude in complex interactions.

Within the context of the entire Great Basin, these varia-
tions are present as repetitive mosaics across the landscape.
This complexity can be both increased and obscured by the
many successional stages of each community. For example,
long-term, self-reproducing woodland climax states have
not existed except in very localized, specialized situations.
They have been the exception. Functioning woodland and
non woodland ecosystems and their respective successional
stages have been connected on a landscape basis at multiple
levels in complex heterogenous ways. Much of this variation
is now being concealed by tree dominance. In the future, this
complexity of communities and their interconnections will
not be exact repeats of what occurred in the past
(presettlement or Little Ice Age) , particularly because of
ongoing climate change, the introduction of exotic annuals,
and the increasing atmospheric CO,. Attempts by manage-
ment to restore those communities will usually not be
successful (Millar 1997, Tausch 1996). How large an area is,
its position on the landscape, the larger context of the
associated communities in the surrounding the area, the
presence of introduced species, and the potential interac-
tions with those systems all need to be considered. Because
no system exists in isolation, how a particular system re-
sponds to management is determined in many ways by its
relationships with those systems that surround it.

Future Trends

The next step is to look ahead to what past trends and
present conditions mean for future trends. There are direct
implications in the history of long-term, ongoing changes in
the successional processes of sites dominated by pinyon and
juniper that are important for management. Most of what
has been written about successional changes in pinyon-
juniper dominated areas has the stated, or more often
unstated, assumption that all sites where trees become
established will end up tree-dominated and then stay that
way. However, this assumes a stable climate and it ignores
long-term historic fire patterns which have not been con-
stant, but very different for different for past time periods
preceding the Little Ice Age. These patterns can be expected
to change again into the future as the Little Ice Age is left
further behind. For example, as growth and successional
patterns in the woodlands have changed over the last sev-
eral decades, their susceptibility to fire, and the types of fire
that occur, has changed. Evidence is now accumulating that
the recent tree expansion and the successional changes
involved are setting up the conditions for a new set of
changes driven by large, stand-replacing crown fires that
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will take place over the next 150 plus years (Gruell, this
proceedings; Tausch, this proceedings).

With the expansion of the woodlands, and an increased
density and crown size of pinyon and juniper, distances
between individual tree crowns have been decreasing. The
result has been a steady increase in the evenness of crown
fuels across larger and larger areas, particularly on more
productive sites formerly dominated by sagebrush-grass
communities. From the increase in crown fuels comes a
steadily increasing risk of large crown fires that can rapidly
cover those large areas. Such fires appear to be increasing in
frequency, as well as size, as more and more woodland area
matures to this condition and the contiguous areas involved
become larger (Gruell this proceedings). Under the right
conditions, many thousands of acres of mature woodland can
now burn in a day.

In the woodland areas that were savannas during the
Little Ice Age, the older trees, particularly juniper, have
sometimes been observed to have several fire scars (Gruell,
this proceedings). With the tree density increases of the last
century, many of these former savanna sites often have an
ingrowth of a high density of increasingly larger, younger
trees, usually pinyon. Heat levels and flame lengths now
being generated by these denser tree stands, particularly in
areas with deeper soils, permit fire to carry up through many
of the more open woodlands on the steeper adjacent slopes.
These are some of the locations where fires often did not go
when fire return intervals were more frequent. After more
than a century of no fire, when fires do occur in these areas,
they generally leave no surviving trees. This is the outcome
from the greatly increased fire intensity that follows over a
century of climate change, settlement impact, and tree
expansion in the presence of a reduced fire frequency.

Alarge part of the historic establishment appears to have
taken place in areas with deeper, more productive soils .
These are sites in canyon bottoms and swales, and on
alluvial fans where the available evidence appears to indi-
cate that during the Little Ice Age, tree establishment and
growth never got very far before they were removed by fire.
Now, however, as a result of successful tree establishment,
large areas of deeper soils are becoming dominated by trees.
As aresult, there are probably more acres of woodland, and
a greater proportion of the total woodland area, now at risk
for crown fire than at any time since the Neoglacial, and
possibly longer. The amount of area in this condition is also
steadily increasing.

The worst-case outcome of these changing community and
associated fire patterns is that larger and larger areas of
woodland could potentially cease to exist as more of the
woodland area in the Great Basin becomes at risk and then
burns. Currently, the area of woodland reaching tree domi-
nance each year exceeds the amount burned. This may not
long be the case, and the next 150 years could eventually see
the area of the Great Basin that is dominated by woodlands
decline. They will, in turn, be replaced by new shrub-
perennial grass-dominated communities, or in the worse
case, exotic annual-dominated communities.

Local topography, soils, associated species, environmen-
tal conditions, and disturbance types and frequencies can
likely cause major changes in the way sites respond to a
disturbance such as fire. Even on the more fire-protected
types of areas, the relative proportions of various seral
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stages can be much different than what was present during
the higher fire return frequencies that existed during the
Little Ice Age. Control of reestablishment patterns after fire
can be dependent on the composition of the understory
community present prior to the fire. Clearly pre-identifica-
tion of these areas by the understory communities and their
different functional relationships will be necessary for de-
termining proper management actions following fire.

Because of the extensive area of the Great Basin now
dominated by trees, only on a small portion will it be possible
to take management action to alter these trends. In the
majority of the existing and future tree-dominated areas, it
will be necessary to develop management strategies to deal
with the results that follow these large fires. In burned areas
where native shrub and perennial grass-dominated commu-
nities return following fires, the return of the woodlands is
possible. Where the woodlands are being replaced following
fire by communities dominated by exotic annuals, the return
of the woodland could take several centuries or longer.

Despite the changes, there are areas that have been in the
past, that are, and that are likely to remain in the future,
generally immuneto fire. These sites result in stands of trees
that are more open or scattered and have a more sparse
understory, and generally support a preponderance of the
existing old-growth woodlands (Miller and others, this pro-
ceedings). In these stands, successional processes are often
an internal patch dynamics type of regeneration.

The balance between tree and non tree-dominated com-
munities has always been dynamic. Each has always been
present and each has always had an important ecosystem
role. Heavy dominance by one or the other, but particularly
a monoculture of the trees, seems to have always been an
unstable situation. We are only beginning to recognize the
full complexity of the large array of communities that com-
prise Great Basin woodlands. Relatively little is known
about the basics of that complexity, the range of future
changes in woodland ecology, or of the range of possible
management options that are likely in the future as condi-
tions continue to change.

Composition changes, community type changes, and
changes in species locations were dynamic throughout the
Holocene. The pattern of woodland distribution and succes-
sional stage has never been random, but differed with the
size, intensity, and frequency of fire interacting with differ-
ences in environment, topography, and soils. The higher fire
frequencies of the past were also not uniform over time or
across the landscape (Woolfenden 1996). But despite these
continual disturbance and composition changes, a general
pattern of a mosaic of variously interconnected communities
and successional stages across the landscape appears to
have remained. This is a dynamic state that Great Basin
ecosystems appear to often develop, and which our manage-
ment activities have often disrupted or simplified (Tausch,
this proceedings). When this disruption or simplification of
large areas of Great Basin ecosystems occurs, be it upland or
riparian, unintended changes and consequences often re-
sult. When large-scale increases in community homogeneity
happen, ecosystem function appears to be restricted or
limited by the loss of the multiple interconnections between,
and a reduction in, the range of communities and succes-
sional stages that are present. Usually, these unintended
changes from ecosystem simplification, and the larger areas
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potentially affected by any disturbance, appear to be detri-
mental to long-term management goals.

Ecosystems occur at multiple levels of integration and
nestedness. To be effective management must also occur at
multiplelevels of nested geographicscales. It requires aware-
ness of landscape-scale non equilibrium dynamics
(Betancourt and others 1993; Sprugel 1991; Tausch and
others 1993) where both slow localized successional and
large disturbance-related episodic changes in community
composition and dynamics are present. Because ecosystems
are spatially arranged and vertically nested, with complex
relationships among the hierarchies, we need to provide a
synthesis of information based on the interrelationships
across each area or region of a landscape. In acquiring this
information, it must be remembered that ecosystem bound-
aries are more open in the Great Basin than almost any-
where else (Bailey and others 1994).

To be successful, management in these woodlands needs
to be on a landscape to regional scale that considers the
heterogeneous, non equilibrium mix of disturbance and
recovery situations they include. Central to this manage-
ment of such heterogenous mixing of communities in the
Great Basin will be a clarification of the definition of what is
woodland what is not, where woodland is dominant and will
remain so, and where it either is not or will not remain
dominant. Such a revised definition needs to include the
range of disturbance types and disturbance frequencies and
how they change between communities and over time as
environmental conditions change. It will be necessary, for
example, to identify areas where the more frequent fires did
or did not go in the past. To do this it will be necessary to
identify the environment (particularly climate), topogra-
phy, and community characteristics that have controlled the
past fire patterns and frequencies. Some objective way of
resolving definitions of woodland versus other communities
that is dynamic and accounts for longer term patterns and
cycles of disturbance needs to be found. Finally, because
many aspects of future climate and plant community compo-
sitions and dynamics will be both new and unknown (Millar
1997, Tausch 1996), successful management can only occur
by adequately monitoring the changes and responding
accordingly.
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Distribution, Composition, and
Classification of Current Juniper-Pinyon
Woodlands and Savannas Across Western

North America
Neil E. West

Abstract—Pinyon-juniper woodlands involve vegetation dominated
by about seven species of Pinus and 17 species of Juniperus scat-
tered over more than 75 million acres of the Southwestern United
States and Mexico. The junipers are more widespread latitudinally,
longitudinally, and elevationally than the pinyons. The understory
is much more diverse and reflects largely local climatic patterns.
Grasslands and shrub steppes have successionally preceded pin-
yon-juniper savanna to woodland on sites with gentle slopes and
fine soil textures. Excessive livestock grazing and direct fire control
are the major factors which have led to present tree dominance.
Tree dominance can be regarded as a sign of ecosystem degradation
on sites formerly occupied by native herbs and shrubs. On many
sites, trees will be eventually replaced by introduced herbs following
fire storms unless proactive management is undertaken.

Tausch (this volume) has outlined how pinyon-juniper
woodlands came to be. My task is to outline where these
woodlands and savannas are presently found and how they
currently vary in tree dominance and understory composi-
tion across the western half of the North American midsec-
tion. I will conclude with suggestions of how this information
can be applied in land management.

Longitudinal and Latitudinal
Patterns of Tree Dominance

I am considering here all lands with semiarid climates
west of 103° W. long. in North America currently occupied by
at least one drought-tolerant juniper (section Sabina) and/
or one drought-tolerant pine (subsection Cembroides = the
Pinyons). According to Kiichler (1970), this amounts to
about 75 million acres in the United States (Fig. 1) and an
unknown additional area within Mexico. Juniper-Pinyon
woodlands and savannas as a whole are a very coarse
category, only useful when comparing nationally or region-
ally to other coarse (internally heterogeneous) categories
such as yellow pine forests or sagebrush steppe.

The most obvious way to begin finer subdivision of these
lands is to consider what the dominant trees are. Table 1
indicates the distribution of the major tree species in juni-
per-pinyon savannas and woodlands across western North

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.

Neil E. West is Professor, Department of Rangeland Resources, Utah State
University, Logan, UT 84322-5230.
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America. Junipers are much more widespread than pinyons.
The furthest north that self-sown pinyon occurs is in ex-
treme southern Idaho. Thus, juniper only woodlands and
savannas occur north of there. Pure pinyon woodlands,
dominated by Pinus monophylla, exist only in extreme
western Nevada and adjacent California where summer
precipitation is minimal. From about 38° N lat. southward,
pinyons, junipers, and oaks (Quercus spp.) become inti-
mately intermingled (West 1998).

J

Figure 1—Geographic distribution of juniper-pinyon
woodlands in the Western United States (according
to Kiichler 1970) with J's indicating pure stands of
Juniperus occidentalis in the Pacific Northwest and
J. scopulorumin the Northern Rocky Mountains and
Great Plains.
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Table 1—Distribution of principal tree species in juniper-pinyon savannas in various sections of western North America. Nomenclature follows Flora

of North America Editorial Committee 1993.

Area Pines Junipers Others
British Columbia and Alberta Juniperus scopulorum
Interior Pacific Northwest (Oregon, Washington, Idaho) J. occidentalis
Northern Rocky Mountains and adjacent Plains J. scopulorum
(Montana, Wyoming) J. osteosperma
Eastern and Central Great Plains J. virginiana
Great Basin Pinus monophylla J. osteosperma
Colorado Plateau P. edulis J. osteosperma
Southern Great Plains and J. ashei
Edwards Plateau J. pinchotii
Mogollon Rim P. edulis J. monosperma Cupressus arizonica
J. deppeana
Baja California Norte (Sierra Juarez) P. quadrifolia J. californica
Sierra Madre Occidental P. cembroides J. coahulensis Quercus spp.
Big Bend-Trans Pecos P. cembroides J. deppeana Quercus spp.
J. flaccida
Sierra Madre Oriental P. cembroides J. coahulensis Quercus spp.
J. flaccida
J. monosperma
Serranias Meridionales del P. ayachuite J. flaccida Quercus spp.
Altiplano Potosino P. cembroides
P. joharinis
Sierra Madre del Sur P. teocote
Sierra Madre de Chiapas J. comitana
J. gamboana

J. monticola

Elevational Patterns of Tree
Dominance

Elevational segregation is usual in regions where both
pinyons and junipers occur. Pinyons, being less tolerant of
drought and cold than junipers, usually dominate in the
middle elevations where both occur. Junipers tend to domi-
nate both the higher and lower elevations of the woodland
belt of Intermountain mountain ranges.

Within a given region, the density of woodland, both
historically and currently, is strongly related to topoedaphic
gradients. The trees persisted throughout past centuries on
steeper, rockier, and thus less burned sites. Less steep sites,
especially those with finer textured soils are where savan-
nas, grasslands, and shrub steppes have occurred in the
past. Various densities of younger trees now occur on such
sites, largely because of new fire and grazing regimes re-
cently imposed by Euroamericans. Understanding these
dynamic relationships is a key to managing the current
situations. For instance, Creque and others (this volume)
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describe the vegetational and environmental changes in
semiarid portions of upper Tintic Valley, Utah. They delin-
eated ecological sites based on soils, topography, and
vegetational history. These stratifications can then focus
local managerial actions to where it is most justified and
responsive.

Patterns in Understory

Juniper-pinyon savannas and woodlands have understo-
ries that are both floristically and structurally more variable
than the overstory. Generally the understory is composition-
ally similar to that of adjacent grasslands, shrub steppes,
chaparral and forests (West and others 1975; West and
Young 1998). For instance, in the western juniper wood-
lands and savannas of the Pacific Northwest, the understory
is mostly a mixture of sagebrushes (Section Tridentatae of
Artemisia) and cool season bunchgrasses. The relatively wet
winters and dry summers there favor plants that can either
complete their growth before midsummer, like the cool
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season grasses, or utilize deep soil moisture, as do the trees
and shrubs (Flanagan and others 1992).

South and east of the Pacific Northwest, the portion of
warm season bunch and sod grasses increases and the
amount of shrubs declines as the fraction of total annual
precipitation received during the summer increases. Juni-
per and pinyon stands of New Mexico, Texas, and northern
Mexico thus have more half-shrubs (suffrutescents), such as
Senecio longilobus, Gutierrezia spp., Brickellia spp., Haplo-
pappus spp., and Salvia spp. and succulents, such as various
cacti and monocots (for example, Agave spp., Nolina spp.,
Yucca spp., Dasylirion spp.) than true shrubs. Warm season,
C, grasses which dominate are from the nearby semidesert
grasslands or southern mixed and shortgrass prairies, in-
cluding species of Aristida, Digitaria, Eragrostis, Bouteloua,
Hilaria, Sporobolus, Muhlenbergia, Schizachyrium, Botrio-
chloa, Lycurus, Piptochaetum, and Leptochloa, where not
excessively grazed (Moir 1979; Pieper 1992).

Forbs associated with juniper-pinyon savanna or wood-
lands also display distinctive geographic distributions. Un-
derstory forbs in juniper stands of the Pacific Northwest and
Great Basin are derivatives of the tree-dominated Arcto-
tertiary Geoflora (Axelrod 1976). Principal genera are Lupi-
nus, Penstemon, Castelleja, Balsamorhiza, Allium, etc. On
the Colorado Plateau and south and east of that region, forbs
associated with juniper and pinyons are mostly derivatives
of the Madro-tertiary Geoflora (Axelrod 1958), a heat-toler-
ant group of plants. Example genera are Croton, Euphorbia,
Ipomea, Solanum, Polygala, and herbaceous Salvia (Pieper
1992; Romero Manzanares and others 1998). Abundance of
annuals varies greatly from year to year (Treshow and Allan
1979) making them of little value as indicators of other than
near term climatic influences.

Vegetation Dynamics

The foregoing “snapshot” ofhow we currently find juniper-
pinyon dominated vegetation is incomplete without consid-
ering the dynamics of the vegetation on several scales in
time and space. Tausch (this volume) covered the “deep”
past. Focus on the more recent and local can be found in
Gruell, Young, and Harper (this volume). Rather than re-
peating their stories, all I will offer here is the fact that the
current conditions are far from the pre-Euroamerican situ-
ation when much more savanna (grassland or shrub mosaic
with scattered trees) and less woodland (trees are the domi-
nant matrix) and forest (where numerous tree crowns touch)
existed.

The local plant community structure where junipers and
pinyons are involved shows at least two phases (Fig. 2); a
tree-centered phase where microclimates and soils are con-
trolled by the trees; and a non-tree dominated open inter-
space where some mixture of shrubs, grasses, and forbs
prevail. Everett and others (1983) add a third phase, the
drip-line. As trees have become the matrix, many attributes
of these ecosystems, such as the hydrologic and fire regimes,
native animal and microbial communities have been altered
as well (West 1998). Full expression of tree dominance,
because it leads to diminished understory, has a negative
influence on floristic and faunistic richness (West 1998).
Long periods of exclusion of livestock grazing do little to aid
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Figure 2—Depiction of how juniper-pinyon wood-
land structure changes through successional time
(earlier to left, later to right). Broken lines are outer
limits of tree roots.

recovery of the understory. Increased elk, feral horses, and
jackrabbits can keep the diminished understory in check
(Yorks and others 1994).

Whether these trends toward tree dominance are
degradational or aggradational is a much disputed topic.
One’s conclusions on this issue determines whether proac-
tive or custodial management is to be favored. While conser-
vation biologists (for example, Belsky 1996) favor hands-off
management of these woodlands, many others, myself in-
cluded, regard the changes on most ecological sites as
degradational (West 1998), and thus meriting proactive
management.

Numerous forces have independent influences on tree or
interspace-dominated phases of juniper-pinyon savannas
and woodlands (Table 2). Causes of vegetational change are,
however, rarely singular or simple. Synergistic interactions
are the norm. The major compound effect is how livestock
reduced the fine continuous fuel when savannas prevailed
and along with both direct and indirect reductions in fire,
allowing the trees to increase. Trees now control most sites
and accelerated erosion prevails where slope and surface soil
texture allow (Davenport and others1997).

Management Implications

The future holds increased probability of crown-fires,
invasion by introduced annuals and short-lived perennials,
and then repeated burning and permanent site degradation
unless seeding of desirable understory takes place expedi-
tiously. Different portions of the vast juniper-pinyon type
have and will change differently. Each ecological site pre-
sents different potential in response to both passive and
active management. Winward (this volume) tells you how
we can recognize these differences and use them for guiding
management activities.
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Table 2—Summary of forces changing the balance between trees and
perennial grasses in pinyon- juniper woodlands. P = pinyons,
J = junipers, + means that the growth form increases when
the given variable increases, — means that the growth form
decreases when the given variable increases.

Forces Trees Grasses

Climate
cool, wet (P) + -
warm, dry (J)
increasing CO, in atmosphere + -

Grazing
Extinct browsers
Livestock
Elk
Feral horses
Saw flies

Fire

Tree harvest

Animals
Jays and nutcrackers (P)
Chipmunks and ground squirrels (P)
Thrushes (J)
Rabbits and hares (J)
Livestock

Parasites

Pathogens

I+ + + | !
+ +

!
+

I+ + + + + |
1

1
+
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Historical and Modern Roles of Fire in

Pinyon-Juniper

George E. Gruell

Abstract—Fire history investigations were carried out in three
widely separated Great Basin pinyon-juniper woodlands in east-
central Nevada, southeastern Oregon and northwestern Nevada,
and western Nevada. Study results suggested frequent fires on
deep soils that produced an abundance of fine fuels and infrequent
fires on shallow soils and rocky sites where fuels were sparse.
Decades of intensive livestock grazing and successful fire suppres-
sion in pinyon-juniper woodlands have resulted in a shift from low
intensity fires to high intensity fires. This shift has been the result
oflarge increases in woody fuels and introduction of exotic grasses.
Considering the extent of fuel buildup, severe wildfires in the
Great Basin will continue and perhaps become more frequent.

Charred wood and tree stems bearing fire scars indicate
that historically fire influenced succession in pinyon-juni-
per woodlands. Researchers investigating pinyon-juniper
ecology have noted the importance of fire as a historic
disturbance agent (Arnold and others 1964; Humphrey and
Mehrhoff 1958; Miller and Rose 1995; West 1988;). Past
fires can be dated by study of fire scars on tree rings.
However, in contrast to mixed conifer forests where fire-
scarred ponderosa pine (Pinus ponderosa) or Jeffrey pine
(P. jeffreyi) are common; the relatively low number of fire
scars in pinyon-juniper woodlands and their restriction to
sites that did not readily burn, limits our ability to accu-
rately determine fire history (Gruell 1997a). The few fire
history studies carried out in pinyon-juniper woodlands
show variations in fire frequency. Young and Evans (1981)
concluded that between 1600 and 1850, there were periods
of up to 90 years that western juniper (Juniperus occiden-
talis) growing on low sagebrush (Artemisia arbuscula) sites
of northeastern California showed no evidence of fire scars.
Burkhardt and Tisdale (1976) reported average fire inter-
vals of less than 20 years in climax western juniper on the
Owyhee Plateau of southwestern Oregon. Chappel (1997)
reports a mean fire interval of 50 years for four pinyon-
juniper sites on Monroe Mountain south of Richfield, Utah
and she considered this to be a conservative estimate of the
fire interval.

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15--18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.
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Study Areas and Methods

Between 1990 and 1997, I investigated fire frequency in
pinyon-juniper woodlands at three widely separated locali-
ties of the Great Basin. Theyincluded Great Basin National
Park in east-central Nevada, Hart Mountain-Sheldon Ref-
uge complex in southeastern Oregon and northwestern
Nevada, and the Walker River Watershed Project area in
western Nevada. Fire-scarred pinyon (P. monophylla), Utah
juniper (J. osteosperma) and western juniper were cut with
a chainsaw following careful search of study areas. Sur-
faces of cross-sections were later sanded smooth and an-
nual rings were counted under magnification to determine
the approximate year of scarring. This procedure did not
include dendrochronological cross-dating as described by
Stokes and Smiley (1968). The fortuitous presence of pon-
derosa or Jeffrey pine provided a unique opportunity to
collect more definitive data in each of the study areas.
Ponderosa and Jeffrey pine are excellent recorders of fire
since they are long-lived, fire resistant, have clear annual
growth rings, and occupy sites that were fire susceptible.

Great Basin National Park

This study entailed removal of fire scars from 23 pinyon
and three juniper in four locations representative of varia-
tions in pinyon-juniper woodlands in Great Basin National
Park (GBNP), a 30,840 ha (77,100 acre) portion of the South
Snake Range in east-central Nevada (Gruell and others
1994). Increment coring of 73 pinyon was also carried out to
determine the approximate ages of post-fire regeneration.

Intact fire scars were found on or near 16 of 20 macroplots
that had previously been established for purposes of classi-
fying Potential Native Plant Communities (Eddleman and
Jaindl 1994). Although singleleaf pinyon, Utah juniper,
and curlleaf mountain-mahogany (Cercocarpus ledifolius)
all showed scarring, pinyon yielded the best scar samples.
The probability of locating sound fire scars was low be-
cause: (1) a majority of trees in the study area were too
young to bear scars of pre-1900 fires, (2) most trees old
enough to bear fire scars were growing in the protection of
boulders or on sites where fuels were sparse (areas unlikely
to burn), and (3) some fire scars had been destroyed by
carpenter ant excavations.

Hart Mountain and Sheldon Refuges

The historic influence of fire on plant succession, plant
communities, and wildlife habitat was studied during
1994-95 at Hart Mountain National Antelope Refuge
(HMNAR), Oregon and Sheldon National Wildlife Refuge
(SNWR), Nevada (Gruell 1995). These refuges are situated
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in the volcanic plateau region of the Great Basin. Vegeta-
tion composition in this shrub steppe community is domi-
nated by mountain big sagebrush (A. tridentata subsp.
vaseyana). Western juniper covers less than 4 percent of the
area. Field studies included aging of curlleaf mountain-
mahogany and western juniper, collection of fire scars from
trees, and repeat photography.

The opportunity to evaluate historic fire frequency on
HMNAR and SNWR was severely limited by the scarcity of
trees that survived and recorded past fires by scarring.
Analysis of 36 multiple scarred aspen provided no defini-
tive information on fire return intervals. Only nine trees
were old enough to have recorded fire before 1880. Of these,
two were scarred. Six trees were scarred in the 1890’s,
apparently by causes other than fire.

Insight on the frequency of historic fires was made
possible by the presence of scarred ponderosa pine in a
12 ha (30 acre) stand growing in association with western
Jjuniper at Blue Sky on the lower east slope of Hart Moun-
tain. No other ponderosa pine occur on the refuges except-
ing scattered individuals at high elevations at HMNAR and
several trees in an isolated stand growing on bare mineral
soil at SNWR. The Blue Sky stand is almost entirely
composed of second-growth (Simonson 1975) that regener-
ated following cutting of nearly all trees in 1866-67 by the
U.S. Cavalry for construction material and fuel at Fort
Warner (Shaver and others 1905). A few large pines were
not cut, including a “catfaced” tree with multiple scar
wounds. A cross-section was removed from this tree and
from a stump that contained multiple fire scars.

Walker River Watershed Project Area

This study was conducted in the Walker River Water-
shed Project (WRWP), an area encompassing 157,100 ha
(392,750 acres) inclusive of the east slope of the Sweetwater
Mountains, the Pine Grove Hills, and the west slope of the
Bodie Hills (Gruell 1997b). Pinyon dominates the land-
scape. Scattered juniper is intermixed with pinyon, being
primarily found on south slopes and dry sites at lower
elevations.

A collection of fire scars from 22 pinyon and Jeffrey pine
was made during June-July 1997 in the Little Frying Pan
and Desert Creek drainages of the Sweetwater Mountains,
Nye Canyon and a nameless canyon on the northeast side
of Bald Mountain in the Pine Grove Hills, and the Masonic
Gulch area in the Bodie Hills. Random searches were made
until three or more trees bearing fire scars were located.
The size of the search area varied according to fire scar
availability. Few fire-scarred pinyons were found in areas
where the trees were young (less than 130 years of age).
Those bearing fire scars were widely distributed on fire
resistant sites. Except for two trees inisolated standsin the
Pine Grove and Bodie Hills, fire-scarred Jeffrey pine were
confined to the Little Frying Pan drainage where scattered
stands grew on sites susceptible to fire. Trees with well-
developed scars were sampled by removing a cross-section
from each with a chain saw. Between four and nine samples
were collected from each area.

Emphasis was placed in the Little Frying Pan area
because the Jeffrey pine intermixed with pinyon and
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juniper exhibited a high complement of fire scars. Although
Jeffrey pine grows in association with pinyon-juniper on
the lower east slope of the Sierra Nevada, they are not
normally present in Great Basin woodlands. Six fire-scarred
Jeffrey pine (four live trees and two stumps) and three
pinyon were sampled. Although the cambial ring year of the
stumps was unknown, historical accounts (Kerston 1964;
Paher 1970) suggest these trees were cut in the 1860’s. An
1868 cutting date was assigned to the stumps after syn-
chronizing their most recent fire scars with those on nearby
live trees (Arno and Sneck 1977).

A master fire chronology was developed for the Little
Frying Pan area according to the geographical position of
sample trees. Questionable fire years were adjusted with
those considered to be the most probable years of scarring
(Arno and Sneck 1977). The probability of false rings,
missing rings, and the deteriorated state of counting sur-
faces reduced the accuracy of ring counts on portions of
some samples.

Thus, the fire history statistics are considered reason-
ably accurate, but no exact. A master fire chronology was
not prepared for the Desert Creek, Bald Mountain and
Masonic areas because of the minimal number of fire scars
on the samples collected.

Three historical photographs taken during the period
1899-1906 were rephotographed in the Bodie Hills and the
east slope of the Sweetwater Mountains. These scenes
aided interpretations of plant succession by providing
visual evidence of composition and structure during early
stages of EuroAmerican settlement (Gruell 1997b).

Results

Great Basin National Park

Data and field observations demonstrated that fire played
a major ecological role in pinyon-juniper woodlands of
GBNP over the past several hundred years. Insightinto fire
frequency in the 1800’s and 1700’s within four macroplot
complexes was provided by fire scar samples. These data
showed a complex and variable fire history that largely took
place before 1860. Pooling of 35 datable fire scars revealed
that 3 percent of the fires occurred in the 1900’s, 76 percent
in the 1800’s, and 21 percent in the 1700’s or earlier. Pre-
1900 fire frequencies varied considerably depending on
aspect, topography, and ignition source. Apparently fires
occurred at close intervals on north-facing slopes, in canyon
bottoms, and in other localities where fine fuels were
sufficient to carry fire. Quantitative evidence suggested
that north-facing slopes in the Snake Creek and Straw-
berry Creek drainages burned on the order of 15-20 years
(Gruell and others 1994). This figure may be conservative
considering the low number of scars in the sample.

Close fire intervals were apparently the product of light-
ning and Indian ignitions. Indians intentionally set fire to
vegetation for a variety of reasons including production of
grass seed and other food plants, stimulation of willow
(Salix spp.) shoots used in basket-making, immobilizing
crickets and grasshoppers, driving jackrabbits (Lepus spp.),
clearing campsites, and signaling between bands (Cooper
1961; Gruell 1985; Lewis 1985; Moore 1972; Stewart 1963).
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Intentional or escaped fires could have spread from the
valley or canyon bottoms to adjacent slopes wherever fuel
continuity allowed.

Contrastingly, on rocky landscapes containing localized
patches of flammable fuels, it appeared that fires of any
appreciable size occurred infrequently. The limited fire
scar evidence suggests that fire return intervals were 50 to
100 years or longer. These areas included the drier south-
facing slopes and some west-facing slopes on the west and
south end of the Snake Range. Under extreme conditions,
fire apparently spotted into available fuels, thereby creat-
ing a mosaic of burned and unburned landscape.

By design, fire scar sampling was confined to pinyon and
juniper trees at previously established macroplots which
did not support ponderosa pine. Ponderosa pine was present,
however, in some localities at higher elevations where they
are associated with pinyon and juniper. Because of ponde-
rosa pine’s proclivity to scar, a sample was taken from a
stump at about 2,500 m (8,200 ft) on the Lehman Creek
Scenic Highway west of Baker, Nevada. This tree had been
scarred 8 times in a 124-year period for a mean fire return
interval of 18 years. The longest interval was 29 years,
while the shortest was 8 years. The locality in which the
stump was located had burned periodically as evidenced by
charred wood and multiple fire-scarred trees and stumps.
These data are consistent with the fire-scarred pinyon,
which suggest vegetation occupying deep soils on GBNP
burned frequently before settlement by EuroAmericans.

Fire has not been a significant factor in the Snake Range
since EuroAmerican settlement. As recalled by Wayne
Gonder, a local rancher, the largest fire in the South Snake
Range in modern times took place between 1908-1910
covering an area of 80-120 ha (200-300 acres). U.S. Depart-
ment of Agriculture, Forest Service fire reports during the
29 year period between 1959-1988, show an average of less
than 3fires a year (total 83) suppressed in the Snake Range.
Nearly all fires were less than 1 ha, excepting three that
were between 4 and 24 ha (10 and 60 acres). Lightning
ignited nearly 90 percent of all fires. Although significant
fires have not occurred in this century, these woodlands
have the potential to fuel high intensity fires during periods
of hot temperatures and strong winds.

Hart Mountain and Sheldon Refuges

Collectively, samples cut for purposes of aging included
48 mountain-mahogany, 43 western juniper and six ponde-
rosa pine. Thirty-eight mahoganies at HMNAR averaged
81 years old and ranged between 54 and 109 years. This
suggested that current stands were composed mainly of
trees that established after 1880. Ten cross-sections re-
moved from varying diameter mahogany growing on deep
soils on Badger Mountain (SNWR), showed an average age
of 89 years (range 55-137). A previous study that included
aging of mahogany on Badger Mountain suggested that tree
age ranged from 30-145 years (Tiedemann and Furniss 1985).

Collectively, 94 percent of the juniper associated with
mountain big sagebrush were of post-1900 origin. These
trees averaged 82 years old (range 59-110). Junipers asso-
ciated with low sagebrush exhibited a greater average age
(143 years) and greater variance in age (range 63-289
years) compared to juniper associated with mountain big
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sagebrush. These data suggest that fuels on the more
productive big sagebrush sites supported a fire regime that
burned more often than that in low sagebrush where fuels
were light and discontinuous. Hence, tree encroachment of
big sagebrush communities was inhibited, while on low
sagebrush sites that burned infrequently and at low inten-
sity, trees were able to persist.

Analysis of the scar data from Blue Sky showed that the
two sample trees had recorded a total of 9 fires within an
area ofless than 20 ha (50 acres) duringthe 101-year period
1760-1861. This suggested a composite mean fire-return
interval of 13 years (Arno and Sneck 1977). Fire intervals
ranged from 3 to 32 years. This record appears conservative
considering the limited number of old pine (greater than
200 years of age) that had potential to record fire before
EuroAmerican settlement. It was also likely that the two
trees sampled did not unerringly record every fire because
of variationsin fuelloading. Furthermore, the cross-section
from the scarred stump did not contain a complete record of
the original fire scars due to rot.

The short mean fire interval indicated by the Blue-Sky
data suggested grass dominance on deep soils. Recent
prescribed fires in the vicinity of Blue Sky demonstrate the
potential for dominance of a grass sere following fire in the
shrub steppe. Abundant grass fuels would have been recep-
tive torecurrent burning upon beingignited by lightning or
Indians. Further evidence of frequent fires in the shrub
steppe is indicated by the expansion of woody vegetation
since the late 1800’s. There is almost a complete absence of
snags, stumps, and charred wood within existing stands of
pine, juniper, and mahogany growing on deep soils. Had
woody vegetation comprised significant cover historically,
residual material would be very apparent in these tree
stands today. Substantial increases of juniper and ma-
hogany on HMNAR and SNWR was also documented by
retake of five historical photographs (Gruell 1995).

Modern wildfire was not a significant disturbance factor
on SNWR until 1988 when 840 ha (2,100 acres) burned on
Bald Mountain. Between 1945 and 1967, 9 of 10 fires
suppressed burned less than 1 acre. One fire in sagebrush
reached 40 ha (100 acres). During this era heavy utilization
of fine fuels by livestock had essentially removed the poten-
tial of fires to spread. Fire occurrence at HMNAR has
followed the same trend except that three fires ranging in
size from 2,400 ha (6,000 acres) to 6,400 ha (16,000 acres)
(the later being an escaped prescribed fire) occurred be-
tween 1954 and 1985. A decline in livestock grazing, fol-
lowed by recent removal of livestock from both refuges has
increased the potential for large wildfires. Despite a major
suppression effort, 3,000 ha (7,500 acres) of sagebrush and
mountain-mahogany burned on Badger Mountain in 1994.

Walker River Watershed Project

The samples from the six Jeffrey pine and three pinyon
pine in the Little Frying Pan area produced a 208-year
master fire chronology dating from 1687 to 1895. A total of
51 fire scars formed on the nine trees during this period. At
least 27 different fire years are represented. Sample trees
recorded from 1 to 5 fire scars during each of these 27 fire
years. This suggests that fires burned somewhere within
the less than 40 ha (100 acre) study area every 8 years. Fire
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scars on five of the six Jeffrey pine samples suggested
extensive burning in 1857. Extensive burning is also indi-
cated in 1864, 1844, 1801, and 1785 when three trees were
scarred in each of these years. Fires were particularly
frequent during the 1840’s, 1850’s, and 1860’s when 17 of
the 51 scars formed.

Fire scarred pinyons in the Little Frying Pan area veri-
fied fire occurrence, but were not a reliable indicator of fire
frequency. The three pinyon sampled had been scarred one
time ea~h, while the six Jeffrey pine carried between 3 and
12 fire scars each (total 48). This marked contrast in fire
frequency reflects major differences in fuel loading on sites
occupied by pinyon compared to those occupied by Jeffrey
pine. The fire scarred pinyons were able to persist in
microsites where fuels were sparse, and as a result they
seldom were exposed to lethal heat. In contrast the Jeffrey
pine grew on productive microsites that supported fine
fuels of sufficient volume to carry fire. Moreover, pinyon
needle litter is not as combustible as the long-needle litter
of Jeffrey pine.

Ten of the 14 pinyon collected in the four sample areas
were over 300 years of age, while three exceeded 400 years.
Excepting one, these trees recorded only one fire each; this
demonstrates an extremely low susceptibility toscarring. A
low susceptibility to scarring was also indicated by the
length of time since the last fire (range 82-248 years).

The repeat of three photographs taken between 1899-1906
indicated substantial increases in the density of pinyon-
juniper in the Walker River Watershed Project (Gruell
1997b). However, they are not considered representative of
pre-European settlement conditions. As suggested by the
fire history data, the absence of fire for 2 to 4 decades or
longer had probably allowed an increase in tree cover by the
turn of the century when the original photos were taken.

Pre-settlement fire intervals averaging only 8 years in
the less than 40 ha (100 acre) Little Frying Pan study area
provide strong evidence that low intensity spreading fires
ignited by lighting and Indians were a common occurrence
within the WRWP prior to EuroAmerican settlement. The
high frequency and apparent low intensity of these fires
suggested that they were fueled by abundant perennial
grass, the remnants of which are present today. Sites
capable of producing contiguous surface fuels, including
north slopes, canyon bottoms, and gentle topography were
particularly susceptible to frequent fire. The relatively
young age of trees and low incidence of charred wood
(fragments), the presence of which required burning of
heavy fuels, provide further evidence of frequent low inten-
sity fires on these sites. Tree establishment would have
been inhibited since trees less than 50 years old are very
susceptible to being killed by fire (Young and Evans 1981).
Infertile shallow soils and rocky sites seldom burned since
they did not produce sufficient fuel to allow fire spread.
Thus, the prevailing presettlement fire regime maintained
a savanna-like landscape composed of groups and single
trees interspersed by large openings with grass being the
primary ground cover.

Judging from the presence of down tree trunks, localized
stand replacement fires apparently occurred during ex-
treme conditions. These fires appear to have been uncom-
mon, however, because concentrations of down tree trunks
are lacking in these woodlands. Fire scar records indicate
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that pinyon-juniper woodlands of the WRWP were fire
maintained until the beginning of EuroAmerican settle-
ment. Soon afterwards fire became infrequent, probably
due to removal of light fuels by livestock, and later by
aggressive fire suppression.

By the 1930’s, fire suppression strategy placed emphasis
on aggressive attack of all fires. Since 1960, 266 wildfires
have been suppressed in the Walker River Watershed
Project area. Ninety percent of these fires have been held
under one-quarter acre. Only five of these have been over
40 ha (100 acres). The largest, 360 ha (900 acres), occurred
in 1996.

Modern Fire in the Great Basin

USDA Forest Service, Intermountain Region fire reports
covering Nevada, Utah, southern Idaho and western
Wyoming show an apparent trend. During the 58 year
period 1930-1978 there were two years when 40,000 ha
(100,000 acres) or more burned in the Intermountain
Region. In contrast, in 9 of the past 18 years 100,000 or
more acres burn in the Intermountain Region. In 1988 and
again in 1994 over 200,000 ha (500,000 acres) burned.
Although these data reflect a wide range of fuel types, they
show a significant increase in the occurrence of wildfire in
the Intermountain Region over the past 76 years.

Fire reports at the Boise Interagency Fire Center, show
that many Intermountain Region wildfires have occurred
in pinyon-juniper woodlands. In the 15 year period 1970-
1985 suppression action was taken on 1,744 of these fires.
Twenty-eight reached 40 ha (100 acres) or more. The larg-
est of these was 14,000 ha (35,000 acres). The fire report
record for the 1986-96 fire seasons is incomplete. This was
a period of many high intensity wildfires. In 1995 and 1996
alone, 24 fires reached or exceeded 40 ha (100 acres). Some
of these were between 2,000 ha (5,000 acres) and 6,400 ha
(16,000 acres). Fire reports covering suppression actions in
a larger area of pinyon-juniper woodlands administered
by USDI Bureau of Land Management (BLM) were not
available. Wildfire occurrence on BLM lands has paralleled
that on lands administered by the Forest Service. Over
100,000 ha (250,000 acres) burned in western Utahin 1996.
A majority of these lands are administered by the BLM and
include considerable acreage in pinyon and juniper.

Management Implications

The results of fire history studies summarized in this
paper suggest that in the presettlement era, fires were
common in pinyon-juniper woodlands of the Great Basin.
Fire frequency varied greatly because of marked differ-
ences in fuel continuity. Fire scar evidence suggests that
fire was frequent on soils that supported sufficient fuels to
allow fire spread. It was infrequent and did not readily
spread on thin soils or rocky sites where fuels were sparse
or absent. Considering these variables, it appears that fire
burned in irregular patterns, producing a mosaic of burned
and unburned landscape. This fire regime was severely
altered by EuroAmericans. Many decades of heavy live-
stock grazing and fire suppression in the Great Basin
allowed an enormous increase in density and crown cover of
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pinyon-juniper (Christensen and Johnson 1964; Cottam
and Stewart 1940; Eddleman and Jaindl 1994; Tausch and
others 1981; West 1984). Buildup of woody fuels and in-
crease in fine fuels coincident with marked reductions in
livestock grazing has resulted in a shift from low intensity
fires to high intensity fires. Considering the enormity of
fuel buildup, it is evident that high intensity wildfires will
continue and perhaps increase. This presents a major
resource management challenge.

Fire has played a major role in the ecology of pinyon-
juniper woodlands. The challenge facing society is one of
deciding whether to treat fire as an essential disturbance
agent or as a destructive force that should be suppressed.
The ultimate outcome will be decided on the reliability of
information that reaches the public. It is likely that a
knowledgeable public would support a program that em-
phasizes fuel reduction by harvesting excess trees and
application of prescribed fire in priority areas. Considering
long-term costs and resource values, it is abundantly evi-
dent that this would be highly beneficial to future genera-
tions, both environmentally and economically.
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Seed Dispersal and Seedling Establishment
of Pinon and Juniper Species within the
Pinon-Juniper Woodland

Jeanne C. Chambers
Eugene W. Schupp

Stephen B. Vander Wall

Abstract—Understanding the prehistoric and historic dynamics of
pinon-juniper woodland requires knowledge of the seed dispersal
mechanisms and seedling establishment requirements of the tree
species. Here, the types and effectiveness of the different seed
dispersers and the environmental requirements for seedling estab-
lishment are compared and contrasted for the various pifion and
juniper species within the woodlands. The importance of long-
distance vs. short-distance dispersal and the roles of ecotones and
disturbance in woodland dynamics are discussed. Recommenda-
tions for future research are given.

The distribution of pifion and juniper species within the
woodlands has undergone dramatic changes in both prehis-
toric and historic times. Since the end of the Wisconsin Ice
Age 12,000 years ago, some species have moved upward in
elevation as much as 1,000 to 1,500 m and northwards as
much as 6°latitude. For example, singleleaf pifion (P. mono-
phylla) has migrated from the warm deserts of southern
Arizona and New Mexico and northern Mexico northwards
through the Great Basin as far as southern Idaho. Colorado
pinon (P. edulis) has migrated over most of the Colorado
Plateau and southern Rockies (Betancourt 1987). Recent
expansions of the woodlands appear to be influenced by
human activities. Prior to settlement of the West in the early
1800’s, fires burned through much of the woodlands as often
as every 50 to 100 years, resulting in a mosaic of early seral
grasses, mid-seral shrublands, and late seral woodlands
(West and Van Pelt 1987). However, overgrazing by live-
stock and a severe reduction in fire frequency has resulted in
an increase in relatively unpalatable and fire-intolerant
shrub and tree species throughout the woodland (West and
Van Pelt 1987; Miller and others 1994). Trees are expanding
into adjacent grasslands and shrublands throughout their
range (Johnsen 1962; Tausch and others 1981; Miller and
Rose 1995), and tree density is increasing within existing
stands (Tausch and others 1981).

Information on seed and seedling ecology of the tree
species is essential for understanding both the long- and
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short-term dynamics of pifion-juniper woodlands. Despite
the fact that seed dispersal and seedling establishment
processes are critical determinants of both the prehistoric
migration and historic expansion of the woodlands, rela-
tively little research has focused on this area. Here, we
provide an overview of the state of our knowledge of seed
dispersal and seedling establishment of pifion and juniper
species within the woodlands. We then discuss the impor-
tance of long-distance versus short-distance dispersal and
the roles of ecotones and disturbance in woodland expan-
sion. Finally, we suggest areas for future research.

Seed Dispersal Processes

To understand plant dispersal processes, information on
both the types and behaviors of the seed dispersers and the
effectiveness of dispersal for plant establishment is neces-
sary. Disperser effectiveness has been defined as “the contri-
bution a disperser makes to the future reproduction of a
plant” population (Schupp 1993). Effectiveness has a quan-
titative component (the number of seeds dispersed) and a
qualitative component (the likelihood that a dispersed seed
will survive to produce a new plant in the population). Here,
we examine the information on both the types and behaviors
of the animals that disperse pifion and juniper and the
effectiveness of those dispersers.

Seed dispersal of both pifion and juniper is probably much
more complex than the literature to date indicates. We have
the best information on seed dispersal of pificn pines by
birds. Pifion pines are dispersed by several species of corvids
(jays and nutcrackers) that store seeds in shallow caches in
the soil (Vander Wall and Balda 1981; Vander Wall 1990).
Pifion pine cones and seeds are well adapted for dispersal by
birds. The seeds are large and nutritious (Botkin and Shires
1948), and the cones are weakly constructed so that the
seeds can be easily extracted by corvids with long pointed
beaks, such as Clark’s nutcracker (Nucifraga columbiana)
and pifon jays (Gymnorhinus cyanocephalus). Seeds are
enclosed in deep pockets and held by thin flanges so that they
do not fall readily from the cones. Unlike many conifers,
cones are primarily pointed to the side and upward, which
not only retards seed loss, but increases the visibility and
availability of the seeds to avian dispersers.

Birds typically disperse seeds from several meters to 5 km
(Vander Wall and Balda 1981). Differences in dispersal
distances exist among different bird species with the more
solitary scrub jays (Aphelocoma coerulescens) seldom
dispersing seeds more than 1 km, the gregarious pifion jays
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carrying seeds slightly farther, and Clark’s nutcrackers
carrying seeds as far as 22 km. Whilejays typically place one
seed in each cache site, nutcrackers cache from one to 10
seeds with a mean of about four seeds per cache. The total
number of seeds cached can be phenomenal. Individual
Clark’s nutcrackers scatter hoard between 22,000 to 33,000
Colorado pifion seeds (Vander Wall and Balda 1977) or
17,900 singleleaf pinon seeds (Vander Wall 1988) in a good
seed crop year. Ligon (1978) estimated that a flock of 250
pifion jays could cache about 4.5 million Colorado pifion
seeds over 5 months.

Seed caching by corvids has important consequences for
the fates of pifion pine seeds. It can be quantitatively
effective for pifion pine as large numbers of seeds are cached
and, especially in large seed crop years, many are left
unrecovered to germinate and possibly establish. Some
aspects of bird dispersal are qualitatively effective while
others are not. Pifions almost always require burial for
establishment, and birds bury the seeds 2 to 4 cm in the soil
(Vander Wall, personal observation). However, pifions also
have a fairly strict nurse plant and shading requirement,
and birds tend to place most seeds in interspace environ-
ments, not in more favorable microhabitats under trees or
shrubs (Vander Wall, personal observation).

The importance of seed caching of pifion pine by rodents
has been largely ignored and probably vastly underesti-
mated. Most rodents, unlike the corvids, forage for seeds on
the ground after the seeds have fallen from the tree. In the
Pine Nut Range of Nevada, deer mice (Peromyscus mani-
culatus), pifion mice (Peromyscus truei), Great Basin pocket
mice (Perognathus parvus), and Panamint kangaroo rats
{Dipodomys panamintinus) all scatter hoard singleleafpifion
seeds (Vander Wall 1997). Of 1,000 labeled seeds placed
under five source trees, 69 percent were taken by rodents
and 24 percent were scatter hoarded 5 to 30 mm deep.
Rodents placed 36 percent of these scattered caches under
shrubs, 39 percentin the open and the rest (25 percent) at the
edge of shrub canopies. At other locations chipmunks, such
as cliff chipmunk (Tamias dorsalis) and Panamint chip-
munk (T panamintinus), are probably important dispersers
of pinon seeds. Rodents are qualitatively effective seed
dispersersin that they bury the seeds and place most ofthem
(about 60 percent) under or adjacent to shrubs. However,
many of the seeds that are harvested are placed in larders
where they havelittle or no chance of establishment (Vander
Wall 1990). From a quantitative perspective, they may be
less important because, except in heavy seed crop years,
most seeds do not fall to the ground before they are harvested
by birds.

Relatively little is known about dispersal of juniper spe-
cies within the woodland. In general, most species of juniper
have been assumed to be bird dispersed. Unlike bird dis-
persal of pifion in which the seeds are scatter hoarded, bird
dispersal of junipers is by frugivory in which the seeds are
ingested and passed through the gut track. Many bird
species are involved in juniper dispersal. At least 12 species
of birds feed on fruits and potentially disperse seeds of
western juniper (J. occidentalis)(Maser and Gashwiler 1978),
13 species are known to disperse Ashe juniper (J. ashei)
(Chavez-Ramirez and Slack 1994), and 52 species have been
observed feeding on eastern red-cedar (J. virginiana)
(Van Dersal 1938). Of the wide diversity of bird species
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involved, the most important for juniper dispersal are prob-
ably members of the highly frugivorous subfamily Turdinae
(Muscicapidae) such as bluebirds (Sialia mexicana and S.
currucoides), Townsend’s solitaire (Myadestes townsendi),
and American robin (Turdus migratorius), and two mem-
bers of the family Bombycillidae, the waxwings Bombycilla
garrulus and B. cedrorum (Gabrielson and Jewett 1940;
Salomonson 1978; Holthuijzen and Sharik 1985; Chavez-
Ramirez and Slack 1994). The rounded and more or less
fleshy cones of junipers are well suited for frugivorous
dispersal, especially by birds (Salomonson and Balda 1977;
Salomonson 1978).

Fruits are conspicuously colored blue or reddish and are
easily accessible on the outer layers of the foliage. The fleshy
portion of a one-seed juniper (J. monosperma) cone has an
energy content of 1.32 kJ making it a reasonably rich energy
source. Also, the thick hard seed coat allows seeds to pass
undamaged through the guts of most birds and mammals.
Dispersal distances and patterns vary depending on the bird
species and the juniper species (Holthuijzen and Sharik
1985; Chavez-Ramirez and Slack 1994). The effectiveness of
birds as dispersal agents varies among species of junipers.
For species such as western juniper, birds appear to disperse
the majority of the seeds and, thus, are quantitatively
important. Bird dispersal is often qualitatively effective as
most birds deposit seeds primarily in more favorable under
shrub or tree microhabitats and only occasionally carry
seeds to open microsites. Also, seeds tend to be deposited
singly or in small groups and, thus, may be less likely to die
from density-dependent seed predation or competition
(Chavez-Ramirez and Slack 1993; Schupp 1993). However,
some bird species, such as cedar waxwings, travel in flocks
and use the same perches repeatedly resulting in high seed
densities under single trees. Another limitation of bird
dispersal is that seeds are deposited on the soil surface and
are dependent on other mechanisms of burial.

Mammals, considered to be unimportant dispersers of
juniper seeds in the past, may be quite important for certain
juniper species. Mammals that consume and disperse juni-
per seeds include woodrats (Neotoma spp.), Virginia opos-
sum (Didelphis virginiana), Nuttalls cottontail (Sylvilagus
nuttallii), desert cottontail (S. auduboni), black-tailed jack-
rabbit (Lepus californicus), coyote (Canis latrans), red fox
(Vulpes vulpes), gray fox (Urocyon cinereoargenteus), black
bear (Ursus americanus), ringtail (Bassariscus astutus),
racoon (Procyon lotor), mule deer (Odocoileus hemionus),
white-tailed deer (O. virginianus), and assorted livestock
(Miller 1921; Parker 1945; Martin and others 1951; Johnsen
1962; Maser and Gashwiler 1978; Salomonson 1978; Chavez-
Ramirez and Slack 1993; Willson 1993; Schupp and others
1997a, b). All species pass at least some seeds intact and, in
some cases, seed germination is increased (Miller 1921,
Johnsen 1962; Schupp and others 1997a).

Mammals may be quantitatively more important for some
species of juniper than others. Western juniper is dispersed
by several different bird species, but coyotes appear to be one
of the few important mammalian dispersers (Schupp and
others 1997b). In contrast, Utah juniper (J. osteosperma)
appears to be dispersed primarily by cottontail rabbits and
jackrabbits, and less so by birds (Schupp and others 1996;
1997a). This would seem to indicate that for the fleshier,
moister species of junipers, coyotes and, perhaps in some
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species, foxes are the major mammalian dispersers. These
are also the species fed on mostly by birds. In contrast, the
woodier, drier juniper species may be dispersed largely by
rabbits. In general, mammalian endozoochorous dispersal
may not be effective for plant establishment. Seeds are
deposited on the soil surface, often in high densities, and
usually in the open and not in more favorable shaded
environments. One advantage of mammalian seed dispersal
is that passage through the gut track can be relatively slow
resulting in long transport distances.

As for pifion pines, the role of scatter hoarding rodents in
the dispersal of juniper has probably been greatly underes-
timated. Rodents commonly cache tree seeds (Vander Wall
1990; 1997), and clumps of juniper seedlings have been
observed emerging from caches in the spring (Vander Wall
1990; Schupp unpublished data). In west-central Utah, a
minimum of 16 to 33 percent of all natural Utah juniper
recruits less than or equal to 2.0 m tall emerged from rodent
caches. To quantify the role of rodents in the dispersal of
Utah juniper, 500 labeled seeds were placed under four
different source trees in the Pine Nut Range, Nevada, and
seed fates were monitored (Vander Wall unpublished data).
Slightly less than half of the seeds were taken (41 percent)
and of those 27 percent were found in caches. Although a
relatively low percentage of seeds were cached, the study
was conducted in mid-summer when other, possibly more
desirable shrub and forb seeds were available.

In general, the low preference for juniper seeds may result
in low recovery of cached juniper seeds and, thus, a high
potential for seed germination and establishment. Also,
many juniper seeds are available under the trees on a year-
around basis potentially resulting in more caching activity
than this single study indicates. As described for pifion pine,
seed caching by rodents may be highly effective in that many
of the seeds are placed in favorable environments and have
a high potential for establishment.

Seedling Establishment
Processes '

Both the seed characteristics and the types of microhabi-
tats in which seeds are placed are important in determining
seed fates after dispersal. In general, pifion pines have
short-lived seeds with little innate dormancy (Meewig and
Bassett 1983). Thus, they form only a temporary seed bank
with most seeds germinating the spring following dispersal.
Density of seeds in the seed bank is highly dependent on the
current year’s cone crop. Pifion pines exhibit regionwide
synchrony in cone production with singleleaf pifion masting
every 2 to 3 years and Colorado pifion every 5 to 7 years
(Tueller and Clark 1975). The potential for a large tempo-
rary seed bank is high during mast years, especially since
many seeds probably remain unrecovered by animals. Dur-
ing nonmast years, the seed bank is probably quite sparse.
For pifion, germination and establishment are most likely
when favorable growing season conditions follow a mast
year.

In contrast to pifion pines, junipers often have long-lived
seeds. Tests of stored juniper seeds showed that 45-year old
Utah juniper still had 17 percent germination, 21-year-old
one-seed juniper had 54 percent germination, and 9-year-old
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alligator juniper (J. deppeana) had 16 percent germination
(Johnsen 1959). The long-lived seeds are often highly dor-
mant with germination being delayed by impermeable seed
coats, immature embryos, embryo dormancy, or the pres-
ence of inhibitors (Fisher and others 1987). Consequently,
junipers have highly persistent seed banks with germina-
tion of a single seed cohort extending over many years.

Although seed production is highly variable among both
individuals and years, junipers exhibit less pronounced
masting than pifion. The result is a more or less continuous
input of seeds into the seed bank. For juniper, germination
and establishment can occur whenever favorable environ-
mental conditions exist.

A common assumption concerning the establishment of
pifion and juniper is that they require a nurse plant for
establishment. However, there is little establishment data
that directly follows the fates of pifion or juniper seedlings.
Most establishment studies have examined the locations of
seedlings in communities with varying tree and shrub cover
without considering the pattern or effectiveness of dispersal
or the requirements for establishment. Usually, higher
numbers of pifion and juniper seedlings are found under
shrubs or adult trees than in interspace environments
(Johnsen 1962; Burkhardt and Tisdale 1976; Everett and
others 1986a.; Eddleman 1987; Callaway and others 1996).
In fully stocked stands of one-seed juniper, singleleaf pifion,
and western juniper, higher number of seedlings occur
undertrees than ininterspace environments (Johnsen 1962;
Everett and others 1986a; Miller and Rose 1995). However,
in areas where western juniper is expanding into sagebrush
communities, higher numbers of seedlings occur undersage-
brush (52 to 65 percent) than under trees (17 to 31 percent).

A more detailed examination reveals large differences in
the nurse plant requirement both among and within species.
Pifion seedlings rarely establish in interspaces or open
environments (Everett and others 1986a; Callaway and
others 1996). This is well illustrated by the total lack of first-
year survival of singleleaf pifion seedlings in interspace
microhabitats in the Pine Nut Range, Nevada (Chambers
unpublished data). In contrast, juniper seedlings are ca-
pableof establishing in these environments under the proper
conditions. First-year survival of Utah juniper seedlings in
the Pine Nut Range in interspace microhabitats was less
than in undertree sites, but was as high or higher than in
under sagebrush sites (Chambers unpublished data). In
Tintic Valley, Utah, emergence of Utah juniper seedlings
differed among open, shrub, and tree microhabitats and also
among years (Schupp and Gomez, unpublished data). The
undershrub microhabitat had the highest emergence in one
year, the lowest in a second, and was intermediate in two
other years. Survival differed for only one emergence year,
being least under shrubs and highest under trees. In ex-
panding western juniper populations, 18 to 47 percent of
established seedlings occurred in interspaces (Burkhardt
and Tisdale 1976; Miller and Rose 1995). For Utah juniper
on stabilized Lake Bonneville sand dunes in Utah, most of
the few natural seedlings occurred in interspaces (Schupp
unpublished data). Also, in the Southwestern grasslands
and shrublands, juniper seedlings readily establish in open
environments (Johnsen 1962; Salomonsen 1978). Differ-
ences between pifion and juniper in the nurse plant require-
ment may be related to their physiological characteristics.
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Juniper species have greater drought tolerance and a higher
capacity to obtain water resources for interspace microhabi-
tats and shallow soils (Nowak and others, proceedings). This
may enable seedlings to establish in unshaded interspaces
with higher soil temperatures.

Higher establishment of juniper in open or interspace
environmentsin the southwestern portion of the woodlands
may be due to differences in precipitation patterns. While
much of the Great Basin and more northern areas receive
most precipitation during winter, the southwestern grass-
lands and shrublands receive moderate winter precipitation
and monsoonal summer rains. Summer precipitation in the
Southwest may offset the beneficial microenvironmental
effects of nurse plants for seedling establishment in the
Great Basin and more northern areas.

Inthose ecosystems with little summer rainfall, undertree
and shrub microhabitats appear to provide favorable condi-
tions for establishment of both pifion and juniper. Many
environmental characteristics under trees and shrubs are
more favorable for seedling establishment than those in
interspaces. Shrubs and trees in arid or savanna ecosystems
have been described as “islands of fertility.” The microhabi-
tats under both shrubs and trees often have higher concen-
trations of limiting nutrients, higher organic matter and
total nitrogen, lower bulk densities, higher infiltration and
soil water holding capacities, and higher rates of nutrient
cycling (Everett and others 1986b; Doescher and others
1987; Klopatek 1987). They are also characterized by lower
irradiance and soil temperatures (Stark 1994) — microenvi-
ronmental conditions favorable for many conifers. Although
these areas receive less effective precipitation than inter-
space areas, they experience higher relative humidity and
delayed dry down relative to open areas and grasslands
(Johnsen 1962; Vetaas 1992; Stark 1994).

Although nurse plants facilitate seedling establishment,
they also compete for available resources. Lowered seedling
growth rates may be a tradeoff for favorable microenviron-
mental conditions beneath nurse plants. Pifion and juniper
seedlings exhibit higher seedling survival under artificial
shading (Meagher 1943), but seedlings in full sun have
higher growth rates than those beneath shrubs (Burkhardt
and Tisdale 1976; Miller and Rose 1995; Callaway and
others 1996). Favorable water relations may also increase
seedling survival underneath adult trees or nurse plants.
Seedlings of western juniper have tighter stomatal control
over water use than adult trees and are more responsive to
environmental changes (Miller and others 1992). Singleleaf
pifon seedlings associated with sagebrush exhibit reduced
stomatal conductance as the summer progresses, while
sagebrush water use continues to increase reaching levels
up to five times greater (per unit leaf area) than associated
pinon (Drivas and Everett 1988).

The effects of competition from grasses and other herba-
ceous vegetation on pifion and juniper seedling establish-
ment are not clear because of the lack of experimental data.
It appears that competition from annual forbs and grasses
canreduce theseedling survival of Utah juniper and singleleaf
pifon during the first year after emergence (Chambers,
personal observation). Also, competition from established
grasses reduces theinitial establishment of one-seed juniper
(Salomonson 1978). However, once seedlings are established
(that is, greater than 1 or 2 years old) competition appears
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to have little effect on subsequent survival. In western
Oregon, western juniper seedlings were capable of establish-
ing into the community regardless of grass cover or range
condition (Miller and others 1994)

Short-Distance Versus
Long-Distance Dispersal

Highly effective seed dispersal and seedling establish-
ment processes have been key elements in both the long-
distance migration and local expansion of pifion and juniper
species within the woodlands. Recently, it has been sug-
gested that local population growth, short-distance dis-
persal, and long-distance migration are all interdependent
(Clark and others 1998). Although rapid migration is driven
by occasional, long-distance dispersal events, the likelihood
of such long-distance events occurring increases with seed
availability at the existing front. The greater the local popu-
lation growth and the greater the seed production, the higher
the probability that some seeds will be dispersed long dis-
tances. Thus, it is important to consider both the local compo-
nent of seed dispersal that is responsible for local population
growth and expansion, and the long-distance component of
seed dispersal that is responsible for species migration.

In pifion and juniper, different classes of dispersers are
responsible forlocal versus long-distance dispersal. In pifion,
relatively short-range dispersal is accomplished largely by
rodents, scrub jays, Mexican jays, and pifion jays that often
or always cache seeds within a few hundred meters of the
source tree (Vander Wall and Balda 1981; Vander Wall
1997). Unrecovered caches produce new recruits, resulting
in population growth and local range expansion. Relatively
long-range dispersal is achieved by birds that often carry
seeds long distances to new habitats. These birds include
nutcrackers, pifion jays, and Steller’s jays. Seed dispersal
out of the pifion-juniper woodland introduces the species to
habitats that may or may not be suitable for establishment.
If suitable, the cached seeds can establish a founding colony
from which a new stand may eventually arise.

The two extreme spatial scales of dispersal are not as
obvious for juniper as for pifion. Depending on the juniper
species, local dispersal within stands leading to seedling
recruitment is probably due to birds, lagomorphs, and scat-
ter hoarding rodents. Most birds have short gut-retention
times and, thus, dispersal is probably within or near the
woodland. Birds frequently fly only short distances to perches
where they sit and process fruit before returning to the same
tree or moving to a nearby fruit source (Schupp 1993).
Although rodents and lagomorphs are capable of moving
seeds hundreds of meters, they probably cache or deposit
most seeds within or near the woodland (Schupp and others
1997b). Long-distance dispersal of junipers is likely by birds
and large frugivorous mammals. Although most seed dis-
persal by birds is probably local, some seeds are potentially
dispersed longer distances by flocks of robins, bluebirds, and
waxwings, which are widely ranging in fall and winter
(Gabrielson and Jewett 1940). Large frugivorous mammals
are likely candidates for long-distance dispersal because
they have long gut-retention times and can travel long
distances over diverse terrain (Willson 1993; Clark and
others 1998).
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Role of Ecotones

Ecotones between woodlands and adjacent shrublands
and grasslands frequently provide favorable microhabitats
for seedling establishment and are often particularly active
zones of seed dispersal. Because shrubs provide favorable
establishment microhabitats, expansion into shrublands
alongecotones or transitional areas is common. Most juniper
and pifion seedlings occur under shrubs and, as trees ma-
ture, they over-top the shrubs and the shrubs die. In south-
western grasslands, grasses may inhibit initial seedling
establishment, but once established seedlings experience
little competition. In contrast, in fully stocked stands most
seedlings establish under adult trees forming “seedling
banks” with little chance of maturing unless the adult tree
is removed or dies.

Ecotones are often used by animal dispersers that occur
exclusively in one area or the other as well as by those that
occur in both areas. Following fire in pifion and juniper
woodlands in Nevada, ecotonal areas had the highest rodent
species diversity (richness), were actively used by frugivo-
rous mammals, and had the highest bird use (Mason 1981).
Even rodent species such as pifion mice that depend on the
presence of trees and species such as Great Basin pocket
mice and chipmunks (such as, Tamias spp.) that prefer some
tree or shrub cover use ecotones once vegetation has estab-
lished. Species such as deer mice that prefer more open
habitats occur in both the woodlands and ecotonal areas.
Frugivorous mammals frequently forage 100s of meters out
of the woodland, and lagomorphs are known to deposit seeds
in grasslands up to 1.6 km from the nearest woodland
(Schupp and others 1997b). Important avian dispersers of
piiton, such as the corvids, depend on the woodlands, but
utilize the ecotonal areas (Mason 1981). Because avian
dispersers of juniper, such as the Turdinae and waxwings,
are more likely to use larger trees or snags as perches, they
may be more important for dispersal within the woodlands
or after disturbances that leave some trees in place.

Importance of Disthrbance

In pifion-juniper woodlands, as in other ecosystems, char-
acteristics of the disturbance and life history attributes of
the species determine establishment probabilities of seeds
and seedlings. Most tree seedlings are killed by fire, but
seeds of both pifion and juniper, especially those that are
cached, have a reasonable probability of survival depending
on cache microhabitat. Undershrub and tree microhabitats
often experience higher soil temperatures than interspace
areas, especially if the entire shrub or tree and the duffburn
(Wells and others 1979) and would be expected to exhibit the
highest seed mortality after fires.

Mechanical disturbances such as chaining have a much
different effect on seed and seedling fates than fires. Tree
seedlings frequently survive mechanical disturbances, and
because a significant “seedling bank” can exist under ma-
ture trees, they can be released from competition after
overstory removal. Seeds that have already arrived on the
soil surface are left in place, although redistribution or
burial may occur due to the equipment. Establishment
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probabilities depend on the characteristics of the micro-
habitats after treatment. If downed trees and understory
shrubs are left in place, more shaded microhabitats and
nurse plants for seedling establishment will be available. If
trees are piled and burned and understory shrubs are
removed, fewer desirable microhabitats for seedling estab-
lishment will remain.

Disturbances that remove both trees and understory shrubs
in pifion-juniper woodlands have a relatively greater effect
on the establishment of pifion than juniper. Because pifions
have short-lived seeds and a nurse plant requirement, pifion
seeds and seedlings that survive the disturbance have a
minimal chance of survival. In contrast, because junipers
have long-lived seeds and less strict nurse plant require-
ments, their seeds and seedlings have a higher probability of
establishment. Also, pifion seedlings appear to be less toler-
ant of competition from grasses and other herbaceous veg-
etation than juniper seedlings (Burkhardt and Tisdale 1976;
Miller and Rose 1994). Consequently, initial establishment
of juniper seedlings is frequently higher than that of pifion
seedlings following disturbance in the singleleaf pifion-
western juniper woodland (Tausch and others 1981) and
probably other woodland types.

Future Research

Several areas relating to the seed dispersal and seedling
establishment of pifion and juniper require additional re-
search if we are to understand the dynamics of the wood-
lands. We need more information on: (1) types and behaviors
of rodent dispersers of pifion and of all dispersers of juniper;
(2) effectiveness of different types of animal dispersers for
seedling establishment,; (3) environmental requirements for
seedling establishment; and (4) the differences in seed dis-
persal and seedling establishment among species and re-
gions. Ecotones appear to be particularly promising for
increasing our understanding of ecosystem disturbance and
woodland dynamics.
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Ecophysiological Patterns of Pinyon

and Juniper

Robert S. Nowak
Darrin J. Moore
Robin J. Tausch

Abstract—Although species that dominate over 30 million ha may
be expected to have aggressive ecophysiological traits, pinyon and
Jjuniper generally are conservative in their acquisition and use of
resources when measured on a per gram of foliage basis. Assimila-
tion rates of pinyon and especially of juniper are very uniform over
different types and scales of environmental gradients. Although
pinyon and juniper often intermix, some subtle ecophysiological
differences exist between the two genera that appear to influence
plant distribution. These conservative ecophysiological traits help
pinyon and juniper dominate the landscape in two ways: first, they
allow the conifers to support a much greater amount of foliage
biomass than co-occurring shrubs, given the same amount of re-
sources; and second, when coupled with distinct ecophysiological
differences between juvenile and adult plants, they help pinyon and
Jjuniper establish under, then tolerate, and ultimately outsize and
outlive their shrub-steppe nurse plants.

Pinyon-juniper woodland are a major vegetation assem-
blage in southwestern North America. Pinyon and juniper
occur on approximately 30 million ha (West, this volume),
whichisa 50 percentincrease from estimates near 20 million
hain 1986 (Buckman and Wolters 1987). Three of the more
common juniper species are one-seed juniper (Juniperus
monosperma), western juniper (J. occidentalis), and Utah
juniper (J. osteosperma), and two of the more common
pinyon species are pinyon pine (Pinus edulis) and singleleaf
pinyon (P. monophylla). Although many parts of this wood-
land type have one species of juniper co-dominant with one
of pinyon, a single juniper or pinyon species can dominate
particular sites, to the exclusion of other tree species.

Invasive species are often thought to have aggressive,
opportunistic ecophysiological traits such as high photosyn-
thetic rates, high growth rates, and rapid responses to
changes in resource availability (Bazzaz 1986). For example,

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.

Robert S. Nowak is Professor of Plant Physiological Ecology and Darrin J.
Moore was Graduate Research Assistant in the Department of Environmen-
tal and Resource Sciences / MS 370, University of Nevada-Reno, Reno, NV
89557, current title and address for Moore are: Research Technician, Univer-
sity of Georgia Marine Institute, Sapelo Island, GA 31327. Robin J. Tausch is
Project Leader, USDA Forest Service, Rocky Mountain Research Station, 920
Valley Road, Reno, NV 89512. Support for this paper came, in part, from the
U.S. Department of Energy’s Program for Ecosystem Research
(DE-FG03-93ER61668), the USDA Forest Service (including INT-90518-
RJVA), and the Nevada Agricultural Experiment Station.

USDA Forest Service Proceedings RMRS-P-9. 1999

two of the most successful invasive exotics in western North
America are cheatgrass (Bromus tectorum) and saltcedar
(Tamarix ramosissima). Both species share a number of
traits that may account for their aggressive invasiveness,
such as flexibility in life history attributes, ability to germi-
nate over a wide range of environmental conditions, rapid
growth, and high allocation to root growth during plant
establishment (Smith and others 1997).

The primary purpose of this paper is to provide a summary
review of the physiological ecology of pinyons and junipers
with the ultimate goal to understand how their ecophysi-
ological traits may explain plant distribution, population
dynamics, and the ability of these species to invade and
ultimately dominate shrub communities. First, we summa-
rize ecophysiological information about carbon gain and
water relations of pinyons and junipers. In many cases, data
on only one or a limited number of species are available.
Next, ecophysiological traits of pinyon and juniper will be
contrasted with each other, then contrasted with another
major dominant of semiarid lands in the West, sagebrush
(Artemisia tridentata), to investigate possible sources of tree
dominance.

Ecophysiological Traits

Carbon Gain

Assimilation Rates—Diurnal changes in assimilation
rates for western juniper (Miller and others 1992) follow a
pattern similar to those of other Great Basin plants (Smith
and Nowak 1990). During spring and early summer when
soil moisture is plentiful, assimilation rates typically track
irradiance (Miller and others 1992). Assimilation rate in-
creases during the morning as the sun rises higher into the
sky, stays near maximum rates for about six hours during
the middle part of the day, then declines rapidly at the end
of the day as irradiance decreases. As soil moisture de-
creases, assimilation rates peak earlier in the day, and a
large midday depression in assimilation occurs. By the end
of summer, assimilation often peaks within 2-3 h of sunrise
and declines to near zero by early afternoon.

The maximum rate of assimilation that occurs during the
day does not vary greatly from spring through fall (fig. 1A).
During winter, maximum assimilation rates are very close
to zero, which is similar to other Great Basin species such as
crested and bluebunch wheatgrass (Nowak and Caldwell
1984). By April, maximum assimilation rates are relatively
high and decline only slightly until fall, when maximum
rates decline more rapidly. Presumably, cold air and leaf
temperatures during fall and winter are the primary reason
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Figure 1—(A) Maximum assimilation rate
during the day; (B) total daily carbon gain; and
(C) nitrogen content of foliage on different
dates during the year for western juniper
(closed symbols, solid lines) and Utah juniper
(open symbols, dashed lines). Error bars are
standard errors. Different symbol shapes indi-
cate sources of data: circles are data from
Miller and others (1992: fig. 3, table 2), tri-
angles are unpublished data of the authors,
and squares are data from Ehleringer and
others (1986: fig. 5). Although lines are from
polynomial curve fitting, they are meant pri-
marily as a guide to general trends of data.
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for low maximum rates of assimilation during these time
periods.

The total amount of carbon gained during the day follows
aseasonal pattern similar to that for maximum assimilation
rates except for an earlier decline in fall (fig. 1B). Daily
carbon gain is low in winter, relatively high for much of the
time period from April through August, then declines rap-
idly during fall. Both water stress and air temperature
interact to produce this seasonal pattern of carbon gain, but
the importance of temperature becomes apparent when
comparisons are made at different elevations. Daily carbon
gain of western and Utah junipers at low elevations tend to
be highest earlier in the year and lower in the fall (table 1).
In contrast at high elevations, daily carbon gain gradually
increases from spring to its largest value in fall. Relatively
cooler temperatures at higher elevation appear to decrease
daily carbon gain in spring relative to that at lower eleva-
tion, even though both elevations had adequate soil mois-
ture. However, despite these differences in the temporal
pattern of when maximum daily carbon gain occurred, the
average rates over the entire growing season were remark-
ably similar: 151 pmol g~! d-! for plants at low elevation sites
and 147 umol g-! d-! at high elevation sites.

The similarity in seasonal carbon gain extends to a re-
gional scale of geography (fig. 2). Based on estimates of
carbon gain over the entire time period from spring through
fall, results from six mountain ranges sorted into 2 statisti-
cal groups despite large differences in climate: a
north-northwest group of three ranges (Juniper Mountain,
Virginia Mountains, and Monitor Range) and a
south-southeast group of three ranges (Sonora Pass, Snake
Range, and Spring Mountains). What is especially striking
about both groups is that both contain one mountain range
that has western juniper and two ranges that contain Utah
juniper. Thus, even though climatic influences on carbon
gain are relatively small, climatic influences appear to be
more important than taxonomic influences.

Dependence of Assimilation on Environmental
Factors—Patterns of assimilation response to irradiance
and temperature for western juniper (Miller and others
1995) are similar to those for other Great Basin species

Table 1—Mean total carbon assimilation (umol g™ d™") over the 10-hour daylight
period from 8 AM to 6 PM for Utah and western juniper. Measurements were
made at 2-hour intervals with a LiCor 6200 (Lincoln, NE) under ambient
conditions for each of 12 trees at a low elevation site and at a high elevation
site on each of six mountain ranges. Low elevation sites were near the lower
elevational limit of juniper on the particular range and high elevation sites
were near the upper elevational limit. Measurements were made on two
mountain ranges that had western juniper (Juniper Mountain and Sonora
Pass) and on four ranges that had Utah juniper (Virginia Mountains, Monitor
Range, Snake Range, and Spring Mountains).

Elevation Late-May Mid-July Mid-September
Western juniper

Low elevation 185 200 103

High elevation 126 152 154
Utah juniper

Low elevation 155 129 152

High elevation 139 108 199
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Figure 2—Climatic and leaf gas exchange data for six mountain ranges along three cross-basintransects.
At the top are climate diagrams (sensu Walter and others 1975) for the climate station closest to each
mountain range. Climate stations are ordered left to right based on increased annual drought severity;
drought severity is estimated as the difference between the two types of shaded areas in the climate
diagram. For each climate diagram, one line and left y-axis are mean monthly temperature, the other line
and right y-axis are precipitation, area shaded with vertical lines represent periods during the year when
precipitation is sufficient for plants, and solid area represents periods when water deficits occur. The two
lower-left panels are carbon gain over and daily water use efficiency during the time period from mid-May
through September. Ranges that include western juniper are indicated by open bars and those with Utah
juniper are shaded. Ranges are ordered to correspond with their respective climate diagram. Data are
unpublished data of the authors. Locations of each mountain range (bold text, solid symbols) and climate
stations (open diamonds) are shown on the map, which also shows all study plot locations for western
(triangles) and Utah (circles) juniper cross-basin transects of the authors.
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(Smith and Nowak 1990). For adults trees, assimilation
rates are saturated at an irradiance level approximately
equivalent to one-half solar irradiance, that is approxi-
mately 1.1 mmol m~2 s~1 photosynthetic photon flux density
(PPFD). Thelight compensation pointisrelatively low for Cg
plants at approximately 0.05 mmol m2 s~1 PPFD. Western
Jjuniper appears to have a rather broad temperature opti-
mum for assimilation; assimilation rates were within 80
percent of maximum values over a leaf temperature range of
15-35 C. Low temperature compensation point is near 0 C,
and high temperature compensation point is near 45 C.
Assimilation rates decline with increased plant water
stress for both pinyon and juniper species (fig. 3). The
declines for pinyon pine and singleleaf pinyon are very steep,
with assimilation rates near zero at leaf water potentials
between —1.5 and —2.5 MPa. Assimilation rates of Utah and
one-seed juniper foliage do not reach zero until leaf water
potentials of approximately —-3.3 and —4.5 MPa, respectively.

Assimilation and Leaf Nitrogen—Because nitrogen is
essential for constructing enzymes, leaf nitrogen content is
often related to assimilation rate. Leaf nitrogen content of
both pinyon and juniper increase with nitrogen fertilization
(Lajtha and Barnes 1991; Marshall and others 1994; Miller
and others 1991). However, seasonal variations in leaf
nitrogen content are small for both Utah and western juni-
pers (fig. 1C).

100 -
A /
80 t

60

20+

80 | ~

60 /‘"

Assimilation (% of maximum)
o

20 | -~

.® Utah juniper

5 -4 3 -2 -1 0
Predawn leaf ¥ (MPa)

Figure 3—Relationship between assimilation
rate (expressed as a percentage of maximum)
and predawn leaf water potential for: (A) single-
leaf pinyon (closed circles, solid line) and pin-
yon pine (dashed line); and (B) Utah juniper
(closedcircles, solidline) and one seed juniper
(dashed line). Data for singleleaf pinyon and
Utahjuniperare from DelLuciaand Schlesinger
(1991: fig. 1), with solid lines as regressions of
their data; dashed lines are second order and
first order regression equations for pinyon pine
and one-seedjuniper, respectively, as reported
by Lajtha and Barnes (1991: table 1).
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As with many C; plants (Field and Mooney 1986), assimila-
tion rate of pinyon pine increases linearly with increased
leaf nitrogen (fig. 4A). Thus, fertilization of pinyon plants
leads to increased leaf nitrogen and consequently increased
assimilation rates; in other words, increased availability of
nitrogen in soil benefits pinyon pine through increased
assimilation rates. The linear relationship between assimi-
lation and leaf nitrogen content holds during both dry and
wet portions of the year, although the slope of the relation-
shipis much less during the dry portion of the year. Interest-
ingly, results for fertilized and non-fertilized plants are
along the same regression line for a particular part of the
year (dry or wet). Thus, soil water availability, but not soil
nitrogen availability, fundamentally changes the functional
relationship between assimilation and leaf nitrogen.
Evidence for a linear relationship between leaf nitrogen
content and assimilation is mixed for juniper. Lajtha and
Barnes (1991) did not find a significant linear relationship
between assimilation rate and leaf nitrogen content for
one-seeded juniper (fig. 4B). Although Marshall and others
(1994) report a significant linear relationship for Utah
juniper, the slope of the relationship for Utah juniper is
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Figure 4—Relationship between assimilation and
leaf nitrogen content for: (A) pinyon pine; and (B)
Utah and one-seed junipers. For reference, the
regression line for a number of other vascular
plants from Field and Mooney (1986: fig. 1.2)
(dot-dash line) is also shown in both panels. Data
for pinyon pine and one-seed juniper are from
Lajtha and Barnes (1991: fig. 3); closed symbols
and solid line are data from the wetter portion of
the year, open symbols and dashed lines are from
the dryer portion, circles are from trees under
natural soil nitrogen conditions, and triangles are
from trees that were fertilized with nitrogen. Data
for Utah juniper (open squares) are from Marshall
and others (1994: fig. 2). All lines are first order
regressions.
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much smaller than that reported by Field and Mooney
(1986) for anumber of plant species as well as for pinyon pine
(fig. 4B). Thus, increased soil nitrogen availability, at best,
only marginally increases the assimilation rate of junipers.

Water Relations

Plant Water Potential—Diurnal changes in leaf water
potential (¥) occur for most plants, including pinyon and
juniper. For Utah juniper in spring, ¥ decreased from
approximately —0.7 MPa to ~1.7 MPa over the 4 hour time
period from 6 AM to 10 AM, then remained near —1.7 MPa
to about 1 PM (Ehleringer and others 1986). Between 1 and
5 PM, leaf water status improved slightly to —1.5 MPa, but
after 5 PM the rate of recovery increased greatly. By the end
of summer, however, diurnal changes in ¥ were very small
for Utah juniper: ¥ was between <1.5 and —-1.7 MPa for
almost the entire time period from 8 AM to 6 PM. Diurnal
measurements of ¥ for singleleaf pinyon over 2 years at
three different sites indicate a very rapid decrease in ¥ from
predawn measurements (Jaindl and others 1995). Typically,
¥ of singleleaf pinyon dropped to near its minimum value by
7 or 8 AM, then was relatively constant until 3 PM. Unfor-
tunately, measurements were not made after 3 PM, and thus
we do not know how rapidly leaf water status recovered
during late afternoon and evening. Malusa (1992) also ob-
served a very rapid drop in ¥ during early morning for
pinyon pine and California pinyon (Pinus californiarum).

Seasonal variationin ¥ are relatively small for pinyon and
juniper. Average values for predawn or midday measure-
ments of ¥ vary by approximately 1 MPa for Utah juniper
over the summer (fig. 5A). For example, predawn ¥ mea-
surements averaged —1.8 MPa during midsummer in south-
ern Utah, but averaged —0.6 MPa after a rainstorm at the
end of summer. However, tree-to-tree variation under drought
conditions was much larger than the seasonal variation:
minimum and maximum predawn measurements in mid-
summer were —4.2 and -0.7 MPa, respectively, whereas
those after the rainstorm were —1.0 and —-0.5 MPa, respec-
tively (Marshall and Ehleringer 1990). Seasonal variation in
Y for western juniper is larger than that of Utah juniper: the
difference between minimum and maximum predawn and
midday ¥ measurements during the year were approxi-
mately 2.0 MPa (Miller and other 1992). Seasonal variations
in ¥ for pinyon pine and California pinyon are generally less
than 1.0 MPa for predawn measurements and quite small
for midday measurements (figs. 5C, 5D).

A key characteristics that is used to distinguish groups of
pinyon pines is the number of needles per fascicle, and this
feature has been hypothesized to have physiological, and
hence evolutionary, significance. Neilson (1987) speculated
that number of needles per fascicle in pinyons follows a
gradient in summer precipitation, with four-needle Parry
pine (Pinus quadrifolia) and five-needle Sierra Juarez pin-
yon (P. juarezensis) occurring at the conjunction of two
summer moisture gradients whereas singleleaf pinyon is
confined primarily to the Great Basin, which receives pre-
dominately winter precipitation. The rational for this specu-
lation is that lack of summer precipitation induces greater
water stress on plants with a greater number of needles per
fascicle, and hence selects for plants with fewer needles.
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Figure 5—Changes in predawn (closed symbols,
solid lines) and midday (open symbols, dashed
lines) plant water potential during the year for: (A)
Utah juniper; (B) western juniper; (C) pinyon pine;
and (D) California pinyon. Different symbol shapes
indicate sources of data: for Utah juniper, circles are
unpublished data of the authors and squares are
from Ehleringerand others (1986: fig. 3) and Marshall
and Ehleringer (1990: table 1); for western juniper,
circles are unpublished data of the authors and
triangles are from Miller and others (1992: fig. 6); for
both pinyon species, data are from Malusa (1992:
fig. 2). Error bars are standard errors. Although lines
are from polynomial curve fitting, they are meant
primarily as a guide to general trends of data.

However, Malusa (1992) did not find any significant differ-
ences in midday ¥ between the single-needle California
pinyon and the double-needle pinyon pine over 2 years.
Although significant differences in predawn ¥ occurred, the
trend was contrary to expectations: results from
double-needle trees indicated less water stress than
single-needle trees.

Leaf Conductance and Transpiration—Water loss
through transpiration ultimately is controlled by stomata,
but few researchers have measured changes in stomatal
conductance with changes in environmental factors for
pinyon and juniper. Angell and Miller (1994) successfully
simulated leaf conductance of western juniper by relaying
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primarily on three environmental factors: soil temperature,
soil water content, and vapor density deficit. In spring when
soils are relatively moist, conductance increases as a hyper-
bolic function of soil temperature. Conductance is near its
maximum value when soil temperature at 10 cm depth is
above approximately 10 C, but conductance drops rapidly
with decreased soil temperature to nearly complete sto-
matal closure when soil temperature is near 0 C.

The relationship between conductance and soil water
content is more complex: conductance is at its maximum
value when soils are near field capacity, but conductance
drops as a logistic function of soil water. Similarly, Miller
and others (1995) found a curvilinear relationship between
conductance and plant water potential for western juniper:
conductance is near its maximum value when plant ¥ is
above approximately —~1 MPa, but drops to less than 20
percent of its maximum value at plant ¥ less than -4 MPa.
Finally, conductance linearly decreases with vapor density
deficit: as relative humidity decreases and air becomes
progressively dryer, stomata close. These patterns of sto-
matal response to environmental factors are not unlike
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those noted in other Great Basin species (Smith and Nowak
1990).

As with assimilation, diurnal variation in conductance
occurs for Utah juniper, western juniper, and singleleaf
pinyon (Ehleringer and others 1986; Miller and others 1992;
Jaindl and others 1995). Maximum conductance almost
always occurs in morning, and often conductance peaks
within 2-3 hours after sunrise. As soil water availability
decreases during the year, the amplitude of the diurnal
change in conductance decreases markedly..In addition,
singleleaf pinyon has a general pattern of decreased diurnal
amplitude of conductance with decreased soil water avail-
ability where variation in soil water availability occurred
along an environmental gradient (Jaindl and others 1995).

Variation in conductance over the year is somewhat larger
than that of assimilation (figs. 6A, 6B). Conductance is
highest in spring and early summer, then drops rapidly to a
minimum value in late summer or early fall. Interestingly,
both western juniper and singleleaf pinyon exhibit increased
conductance in late fall, with or without significant fall
precipitation in the case of juniper (Angell and Miller 1994)

200
175
150
125 +

40 singleleaf pinyon

30+

20 r

10 +

Water use over 8 hours (kg)

0 20 40 60 80 100
3
Canopy volume (m’)

Figure 6—(A) Maximum conductance during the day for western (closed symbols, solid line) and Utah
(open symbols, dashed line) junipers; (B) maximum conductance for singleleaf pinyon; (C) total daily
water use for junipers; and (D) relationship between canopy volume of singleleaf pinyon and water use
over the eight-hour period from 8 AM to 4 PM. Error bars are standard errors. Different symbol shapes
in (A) and (C) indicate sources of data: circles are from Miller and others (1992: fig. 5); triangles are
unpublished data of the authors. Data in (B) are from Jaind! and others (1995: figs. 4, 5). Regression
line in (D) is from DeRocher and Tausch (1993: table 1). Except for (D), lines are meant primarily as
a guide to general trends of data, even though they are from polynomial curve fitting.
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or without significant fall precipitation in the case of pinyon
(Jaindl and others 1995).

The total amount of water transpired by a leaf over the
entire day does not follow the same seasonal pattern as
conductance. Leaf water use reaches a maximum in mid- or
late summer for western and Utah junipers (fig. 6C), whereas
conductance tends to peak earlier (fig. 6A). This lag between
conductance and transpiration occurs largely because vapor
gradients have different effects on conductance and transpi-
ration: everything else being constant, increased vapor gra-
dients induce stomatal closure, but lead to increased tran-
spiration rates. Although similar analyses have not been
conducted for pinyons, whole tree water use over the day for
singleleaf pinyon increased as amount of foliage increased
(fig. 6D). As tree size increases, greater self-shading and
stratification of the light environment within the canopy
occur, and the exchange of water vapor from within the
canopy to bulk air decreases, which in turn lead to the
nonlinear relationship between tree size and water use
(DeRocher and Tausch 1994). Thus, the amount of water
used per unit of needle biomass was over six times greater for
the smallest seedling than for the larger trees. In addition,
number of resin canals greatly improved regressions be-
tween foliage biomass and whole tree water use; however,
the functional significance of the increased number of resin
canals to plant water use is not clear.

Water Use Efficiency—The effects of drought condi-
tions on water use efficiency are not consistent for either
pinyon or for juniper. Daily water use efficiency, as calcu-
lated from daily carbon gain divided by daily water loss, is
highest in spring and fall and lowest in midsummer and
winter for junipers (fig. 7A). During the year, lower water
use efficiency tends to occur when plants experience greater
water stress, unlike other Great Basin species that tend to
increase water use efficiency with increased water stress
(Toft and others 1989). However, results from sites across
regional or elevational environmental gradients are not
consistent with this inverse relationship between water use
efficiency and drought stress. Daily water use efficiency was
not significantly different among 6 mountain ranges that
included either Utah or western juniper (fig. 2) nor was it
significantly different between high and low elevations
within each mountain range (unpublished results of au-
thors). In further contrast, results from carbon isotope
composition, which represents a long-term measure of water
use efficiency, suggests the opposite trend for singleleaf
pinyon, pinyon pine, and one-seed juniper: water use effi-
ciency tends to be greater at low elevation sites (fig. 7B),
which are assumed to represent sites with increased water
stress. Jaindl and others (1993) corroborated this trend with
irrigation treatments: more water decreased carbon isotope
content, which indicates lower water use efficiency. Unfor-
tunately, instantaneous measurements of water use effi-
ciency do not help resolve the relationship between drought
and water use efficiency. Instantaneous water use efficiency
showed little variation as plant ¥ decreased in pinyon pine,
but for one-seed juniper, it increased gradually from 0.5 to
-3.5 MPa, then declined rapidly as ¥ decreased further
(Lajtha and Barnes 1991).
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Figure 7—(A) Daily water use efficiency for western
(closed symbols, solid line) and Utah (open symbols,
dashed line) junipers during the year. Different sym-
bol shapes indicate sources of data: circles are data
from Miller and others (1992: fig. 12) and triangles
are unpublished data of the authors. (B) Carbon
isotope composition of singleleaf pinyon (squares,
dot-dash line), pinyon pine (circles, solid line), and
one-seed juniper (diamonds, dashed line) for plants
on study sites located at different elevations. For
singleleaf pinyon, results are also shown for an
irrigated plot at the lower elevation (open square).
Data for singleleaf pinyon are from Jaindl and others
(1993: table 2), and data for pinyon pine and one-seed
juniper are from Lajtha and Getz (1993: table 2). For
both panels: error bars are standard errors, and lines
are meant primarily as a guide to general trends of
data, even though they are from polynomial curve
fitting.

Comparative Ecophysiology

Pinyon Versus Juniper

Assimilation—Pinyon appears to have a greater poten-
tial for carbon gain than juniper. Maximum assimilation
rates of pinyon pine are greater than those of one-seed
juniper as measured under both controlled environment and
natural, field-grown plants (Lajtha and Barnes 1991). Maxi-
mum rates for pinyon pine were 26-38 nmol g! s~! in the
controlled environment and slightly less under natural
conditions. Maximum values for one-seed juniper were
13-28 nmol g-!s~!in the controlled environment, but did not
exceed 20 nmol g! s7! in the field. As noted above (fig. 4),
N fertilization greatly increases assimilation of pinyon pine,
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but the response of assimilation to fertilization in one-seed
juniper is very small.

Although pinyon has a greater potential for carbon gain,
the photosynthetic apparatus of juniper is more tolerant of
water stress than that of pinyon. Assimilation for pinyon
pine and singleleaf pinyon drop much more rapidly with leaf
¥ than for one-seed and Utah junipers (fig. 3). Whereas
pines have essentially lost their ability for positive carbon
assimilation at a leaf W of -2 MPa, assimilation is still at 35-
50 percent of capacity for junipers.

Instantaneous water use efficiency of one-seed juniper
were greater than those of pinyon pine under drought
conditions, although they were similar under low water
stress conditions (Lajtha and Barnes 1991). However, con-
trary to expectations, long-term water use efficiency as
indicated by carbon isotope composition were slightly greater
for pinyon pine than for one-seed juniper (fig. 7B) as well as
greater for singleleaf pinyon than for Utah juniper (DeLucia
and Schlesinger 1991); note that species comparisons of
carbon isetope composition can be confounded by other
factors, and direct interpolation to water use efficiency
should be done cautiously. Interestingly, conflicting results
have alsobeen observed in studies of the effect of nitrogen on
water use efficiency. Nitrogen fertilization increased instan-
taneous water use efficiency for pinyon pine whereas it did
not affect that of one-seed juniper, but N fertilization did not
affect long-term water use efficiency as indicated by carbon
isotope composition in pinyon pine whereas it significantly
increased that for one-seed juniper (Lajtha and Barnes
1991).

Water Relations—In addition to a greater tolerance of
its photosynthetic apparatus to water stress, additional
data also suggest that juniper has more favorable water
relations than pinyon. In measurements of plant ¥ over an
elevational gradient, Barnes and Cunningham (1987) noted
that ¥ of one-seed juniper was less negative than that of
pinyon pine when soils were wet, but more negative when
soils were relatively dry. Hence, when water is plentiful,
juniper has lower levels of water stress than pinyon; but as
soils dry, juniper has a greater capability to tolerate water
stress. Furthermore, this shift in relative ranking of ¥ for
these two species is due to the small seasonal variation in ¥
for pinyon pine relative to that of one-seed juniper. Little
variation in predawn ¥ for pinyon pine also occurs across a
seral gradient, whereas ¥ of one-seed juniper becomes more
negative as seral development nears climax (Schott and
Piper 1987). Finally, water potential components such as ¥
at the turgor loss point are good indicators of drought
tolerance, and ¥ at the turgor loss point was more negative
for Utah juniper (mean over two sampling dates was 4.1
MPa) than for pinyon pine (mean was -3.7 MPa) (Wilkins
and Klopatek 1987).

Recent evidence also suggests that one-seed juniper is
better able to extract soil moisture from areas between
canopies than pinyon pine (Breshears and others 1997). In
a well-developed stand of pinyon-juniper woodland,
Breshears and others (1997) documented a small, but sig-
nificantly greater, difference in soil moisture in the area
between tree canopies than that under tree canopies. By
carefully measuring soil moisture content and both plant
and soil ¥ under natural and irrigated conditions, they
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determined that one-seed juniper made better use of shallow
soil moisture between canopies than pinyon pine.

Responses of Juveniles Versus Adults—Both pinyon
and juniper have dimorphic foliage that is associated with
plant growth stage, but the physiological importance of
juvenile versus adult foliage has only been investigated for
western juniper. The physiological performance of juvenile
foliage differs from adult foliage when soil moisture is
relatively plentiful (Miller and others 1995). The maximum
assimilation rate during the day of juvenile foliage is signifi-
cantly greater than that of adult foliage from April to July
(fig. 8A). This difference is maximum assimilation is par-
tially due to increased stomatal conductance (fig. 8B). The
greater assimilation rates of juvenile foliage results in a 28
percent increase in carbon gain over the period from April to
October, which likely aids in the rapid establishment of
juvenile plants (Miller and others 1995).

Unfortunately, the strategy of juvenile foliage to increase
assimilation by increasing conductance has the cost of in-
creased water use. The increased water use does decrease
instantaneous water use efficiency of juvenile foliage with
respect to adult foliage in late-summer (fig. 8C). However,
water use efficiency of the two types of foliage does not differ
during late spring and early summer, and water use effi-
ciency of juvenile foliage is actually greater than that of
adult foliage in early spring. None-the-less, increased water
use does impact plant water status: midday ¥ of juvenile
foliage was lower than that of adult foliage over the entire
measurement period of April through October, and predawn
Y ofjuvenile foliage was lower than that of adult foliage from
July through October (fig. 8D). Thus, although increased
water use of juvenile foliage only decreased water use
efficiency in late summer, juvenile foliage experienced greater
water stress over much of spring, summer, and fall. The
more negative predawn W are especially intriguing: they
suggest that juvenile western juniper depletes soil moisture
faster than adults and/or have a smaller rooting volume.

Juvenile and adult plants also differ in how they allocate
their resources: juvenile plants allocate a larger proportion
of their biomass to belowground tissues. Both the root:shoot
ratio and the ratio of fine root:foliage are larger for juvenile
western junipers than for sub-adults (fig. 8E). Although this
greater allocation to roots likely helps juvenile junipers
acquire soil moisture, greater allocation does not completely
mitigate greater water use of juvenile foliage, as evidenced
by more negative ¥ of juvenile foliage. The greater allocation
to roots may also increase the ability of juvenile plants to
compete with co-occurring species.

Contrasts with Sagebrush

Carbon Gain and Water Relations—The potential for
carbon gain on a per gram of foliage basis are much lower for
both juniper and pinyon than for co-occurring shrub-steppe
species such as sagebrush. For example, maximum assimi-
lation for sagebrush is approximately an order of magnitude
greater than that for Utah juniper and about six times
greater than that for singleleaf pinyon (fig. 9A). When
expressed on a per unit nitrogen basis, differences between
sagebrush and the conifers decrease, but sagebrush is still
six and four times greater than Utah juniper and singleleaf
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Figure 8—(A) Maximum assimilation rate during the day; (B) maximum stomatal conductance
during the day; (C) instantaneous water use efficiency; (D) predawn (circles) and midday (inverted
triangles) plant water potentials; and (E) root:shoot (solid bars) and fine root:foliage (open bars)

ratios for juvenile and adult western juniper. Closed symbols in panels (A)-(D) are for juveniles,
and open are for adults. Error bars are standard errors. Data are from Miller and others (1995:

tables 1, 3) except for data in (E), which is from Miller and others (1990: table 5).

pinyon, respectively. In addition, stomatal conductance, leaf
nitrogen content, and leaf phosphorous content of sagebrush
are also significantly greater than those for the conifers
(DeLucia and Schlesinger 1991).

Assimilation of sagebrush is also more drought tolerant
than that of the conifers. The drop in assimilation with
increased drought stress is more gradual for sagebrush than
for one-seed and Utah junipers, and much more gradual
than for singleleaf pinyon and pinyon pine (fig. 9B). To
extend comparisons made above: when predawn ¥ is near
—2 MPa, assimilation rates of the 2 pinyon species are near
zero, that of Utah juniper is approximately ¥4 of maximum,
that of one-seed juniper is near %2 of maximum, while that of
sagebrush is near %3 of maximum. Interestingly, water use
efficiency of sagebrush is less than that of the conifers.
However, high water use efficiency under competitive,
water-limited conditions may not confer a large ecological
advantage (DeLucia and Schlesinger 1991): during the first
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part of the growing season when water-limited conditions
have yet to occur, water that is not used by the more efficient
conifers will likely be used by co-occurring species.

Water and Nitrogen Sources—Pinyon pine and Utah
juniper are more dependent on the episodic availability of
water near the soil surface than sagebrush. Using the stable
isotope deuterium in water, Flanagan and others (1992)
demonstrated that pinyon pine and Utah juniper have a
greater reliance on summer precipitation than sagebrush.
They measured the deuterium content (8D) of precipitation
at their study site (closed diamonds and solid line in fig. 10A).
If 8D of water in xylem of plants is near or above this
precipitation line, then the plant is predominantly utilizing
current precipitation as its water source. In April, all three
species had similar 8D values, which means that all three
species were utilizing similar sources of water (current
precipitation as well as water stored in the soil profile).
However, from late spring to midsummer, the two conifer
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Figure 9—(A) Maximum assimilation (solid
bars) and photosynthetic nitrogen use efficiency
(shaded bars) for sagebrush and Utah juniper
at two study sites and for singleleaf pinyon at
the second study site. (B) Relationship be-
tween assimilation rate (expressed as a per-
centage of maximum) and predawn plant water
potential for sagebrush (circles and solid line),
contrasted with those forjunipers (dashedlines;
Jumo = one-seed juniper and Juos = Utah
juniper) and pinyons (dot-dash lines; Pied =
pinyon pine and Pimo = singleleaf pinyon).
Lines are first order regressions, and lines for
junipers and pinyons are the same as shown in
figure 3. Datain (A) and for sagebrushin (B) are
from Delucia and Schiesinger (1991: table 1,
fig. 1). :

species had 8D values near or above the precipitation line
whereas 8D of sagebrush was substantially below the line.
Hence, the two conifers had greater reliance on current
precipitation during late-spring to midsummer time period.
Even by late summer, when 8D of sagebrush suggests use of
current precipitation, the relative ranking of the three
species suggest that a greater proportion of water for the
conifers came from shallow soils. These results plus mea-
surements of plant water potential suggest that the conifers
have a greater proportion of their active roots in shallow
soils than sagebrush (Flanagan and others 1992). This
greater proportion of roots in shallow soils for the conifers
does not necessarily imply that they are more able to exploit
summer precipitation than sagebrush: in a year with a dry
spring and early summer, roots of sagebrush were more
responsive to small precipitation events during summer
than Utah juniper (Flanagan and others 1992).

Utah juniper appears to receive a large proportion of its
nitrogen from shallow soils. Evans and Ehleringer (1994)
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used measurements of the nitrogen stable isotope content
(815N) of plant tissues to determine the source of nitrogen for
Utah juniper, pinyon pine, and sagebrush. 315N of nitrogen
fixed by nitrogen fixation, including that fixed by cryptobiotic
crust at their study site, is zero (fig. 10B). If 815N of plant
tissues is near zero, than the plant acquires most of its
nitrogen from nitrogen fixation; as 815N increases, the pro-
portion of nitrogen from nitrogen fixation decreases. 51°N of
Utahjuniper was very close to zero, whereas those for pinyon
pine and sagebrush were greater than zero, although similar
to each other (fig. 10B). Thus, Utah juniper appears to
acquire most of its nitrogen from nitrogen fixation by the
cryptobiotic crust, and the portion of the root system that is
most active in nitrogen uptake must be in close proximity to
the cryptobiotic crust.

Community-level Foliage Biomass—For sites with
the same potential resources, foliage biomass of singleleaf
pinyon communities greatly exceeds that of shrub communi-
ties. Total foliage biomass per unit ground area of both
singleleaf pinyon and sagebrush dominated communities
have significant positive relationships with site potential
(Tausch and Tueller 1990). In addition, total foliage biomass
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Figure 10—(A) Deuterium stable isotope
content (8D) of precipitation (solid diamonds,
solid line) and of xylem water from pinyon
pine (open circles), Utah juniper (open in-
verted triangles), and sagebrush (open
squares) during the year. Line is a second
order regression of the precipitation data,
and error bars are standard errors. Data are
from Flanagan and others (1992: fig. 1,
table 1). (B) Nitrogen stable isotope content
(8'5N) of foliage from Utah juniper, pinyon
pine, and sagebrush. Data are from Evans
and Ehleringer (1994: table 1).
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of shrub-dominated communities has a significant positive
relationship with that of adjacent singleleaf pinyon-domi-
nated communities with the same site potential (fig. 11A).
However, this relationshipis heavily weighted in favor of the
trees. Furthermore, the relationship is not uniform over the
range of site potential: foliage biomass of pinyon exceeds
that of the sagebrush-dominated community by a factor of
25 on low potential, drier sites but only by a factor of 12 on
the sites with the highest potential (fig. 11B). Thus, given
the same water and nutrient resources on a site, pinyon is
able to sustain considerably more foliage biomass than
sagebrush. The lower nutrient content of pinyon foliage
likely contributes to the ability of pinyon to support much
more foliage per unit ground area on any particular site.
Although the physiological performance of sagebrush ex-
ceeds that of pinyon when measured on a per unit foliage
basis, the greater foliage biomass per unit ground area for
the conifers appears to compensate for their conservative
ecophysiology. The average increase in foliage biomass over
the range of sites in figure 11B was about 16. Thus, even
though the assimilation rate per unit foliage of sagebrush
is four to six times greater than that of pinyon, the
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Figure 11—(A) Relationship between total foliage
biomass of singleleaf pinyon in plots dominated by
pinyon and total foliage biomass of all species in
plots dominated by shrubs for paired plots on sites
with different site potential. (B) Relationship be-
tween site potential, as indicated by a site index
based upon tree height at age 200 years, and the
ratio of foliage biomass of pinyon in plots domi-
nated by pinyon to foliage biomass of all speciesin
plots dominated by shrubs. For both (A) and (B),
lines are linear regressions. Redrawn from Tausch
and Tueller (1990; figs 4 and 5).
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pinyon-dominated community has the potential to assimi-
late at least two to three times more carbon than
sagebrush-dominated communities when measured on a
ground area basis. The differences in foliage biomass in
figure 11B were determined at peak biomass in early to mid
summer. During late-fall, winter, and early-spring, sage-
brush and associated perennial grasses lose a large propor-
tion of their foliage, whereas pinyon loses almost none. Thus,
during these time periods, and especially in early spring
when growth starts, the potential for carbon gain by pinyon
is even greater than the 2-3 times indicated above. Water
use would follow an analogous pattern: greater foliage bio-
mass per unit ground area of pinyon overcompensates for
more conservative water use per unit foliage, with the
difference between pinyon and the shrub-steppe community
enhanced during earlier spring when water availability is
near its peak. However, the extent that these differences in
phenology and size confer a competitive advantage for pin-
yon needs a thorough investigation. None-the-less, these
opposite differences in ecophysiology and foliage biomass
between sagebrush and pinyon appear to be important for
community changes. Tausch and West (1995) found that the
period of rapid increase in tree dominance and in understory
suppression began when pinyon foliage biomass was over
twice that of the sagebrush community on a unit ground area
basis, which corresponds with the time that potential carbon
gain as well as potential water use of pinyon on a per unit
ground areais roughly equivalent to that of the shrub-steppe
community. Interestingly, the shift in species dominance
also occurs after the pinyons have largely lost their juvenile
foliage.

Discussion

The generally conservative ecophysiological traits of pin-
yon and juniper appear to be at odds with its ability to almost
triple its dominance of the landscape over the last 20 years.
If sagebrush has superior ecophysiological traits, then why
have the conifers been sosuccessful atinvading shrub-steppe?
Clearly, ecophysiological traits do not provide, by them-
selves, the mechanism for success. However, these conserva-
tive traits may benefit the conifers in at least two major
ways. First, accumulating evidence that nurse plants are
important for establishment of juniper and almost essential
for pinyon (Chambers and others, this volume) suggests one
important role. Although nurse plants likely moderate mi-
croclimate for pinyon and juniper seedlings, the conifers still
must be able to tolerate reduced resource availability as well
as compete effectively for resources. Interestingly, the eco-
physiological performance of singleleaf pinyon seedlings is
generally better when growing under sagebrush plants than
when they grow in the open or in a location where sagebrush
has been removed (Callaway and others 1996). A generally
conservative ecophysiology as well as the attributes of juve-
nile foliage likely enhance the establishment and growth of
pinyon and juniper under nurse plants.

Second, their conservative ecophysiology, especially the
low nutrient content per unit foliage, allow the conifers to
produce much more foliage biomass per unit ground area
than sagebrush. Thus, the conservative ecophysiological
traits of these conifers coupled with their greater longevity
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allow pinyons and junipers to establish, maintain growth
under competitive conditions, and ultimately outsize and out-
live their nurse plants and other shrub-steppe competitors.
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Harvesting Energy from 19th Century Great
Basin Woodlands

James A. Young
T. J. Svejcar

Abstract—The pinyon/juniper woodlands of the Great Basin were
avital source of structural wood and energy products for the mining
industry from the 1860’s to the 1930’s. Pinyon and juniper were cut
extensively for fuel wood and for the production of charcoal, the only
available fuel or energy source for the smelters of central Nevada.
Firewood and fence post for ranches were also important uses of
pinyon and juniper. Deforestation by cutting, promiscuous burning
continued unabated until the 1920’s and 1930’s, when fossil fuels,
substitute types of structural wood, and fire control combined to
decrease disturbance in this vegetation type.

This presentation is an updated adaptation of historical
reviews first presented by Budy and Young (1979) and
Young and Budy (1987). The vestiges of a once-flourishing
wood products industry haunt the current managers of the
pinyon-juniper woodlands. Land managers, users, and en-
vironmentalists alike suffer from a lack of historical per-
spective when they contend with management practices in
pinyon-juniper woodlands. This is most apparent in the
management of shrubs in pinyon-juniper woodlands as
habitat for mule deer (Odocoileus hemionus subsp. hemionus).

The pinyon-juniper woodlands of the Great Basin are
unique in how they relate to other types of vegetation. In
the Rocky Mountains and the Southwest a forest of pine
(often Pinus ponderosa) is usually located above the pinyon-
juniper zone. In the central Great Basin, a mountain brush
community occupies this site. The species composition of
shrubs, forbs, and grasses in this community suggest a
forest, but the trees are absent. In the Southwest, pinyon-
juniper communities often merge with oak (Quercus) wood-
lands. Oaks are absent from central Nevada with the lower
edge of the pinyon-juniper zone merging with Artemisia
plant communities. Thus the central Great Basin was
unique among nineteenth century mining areas where en-
ergy was a problem. Other portions of the west usually had
some forest resources besides pinyon and juniper available
for use.

The mountain crest of the highest ranges of the Great
Basin support five-needled pines, of which bristlecone (Pinus

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.
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longaeva) and limber pine (Pinus flexilis) are best known.
Although the sparse forest were generally remote and
limited in area, they were still heavily cut to supply mines
with structural timbers and lumber.

Mining in the West-Central Great
Basin

The mining era in Nevada was ushered in by discovery of
the silver-rich Comstock Lode in 1859 and subsequent
developments during the 1860’s (Elliot 1973). As the mining
districts on the Comstock grew in size, the supply of fire
wood seldom met demand. The pinyon and juniper in the
Virginia Range were removed in an ever expanding circle.
In 1864, for example, several hundred American laborers
were constantly cutting and hauling firewood from nearby
woodlands. Chinese laborers followed the wood cutters,
pulling up the brush, stumps, and roots from overcut hills.
It was a common experience for boys growing up on the
Comstock to spend their after-school hours searching mine
dumps for discarded wooden candle boxes to feed the family
heating stove (Galloway 1947). When 6 ft of snow covered
the roads during the winter of 1866-1867, a cord of wood
cost from $40 to $50. An estimated 120,000 cords of firewood
were used in the district in 1866 (Lord 1883). The scant
supply of pinyon and juniper on the neighboring hills was
rapidly exhausted, and wood cutters moved to the eastern
slopes of the Sierra Nevada, some 20 miles from the mines.

Although the pine-fir forest of the eastside Sierra assured
an abundant supply of timber and fuel, transportation to the
mines was expensive. The construction and maintenance of
mountain roads became so costly that natural waterways
were used whenever possible to move logs down to the mills
in the valley below Virginia City. Because of the limited
number and size of waterways, water transportation was
not satisfactory until the 1870’s when the V-flume was
developed and proven practical. Then sawmills were erected
in the mountains, and cordwood and timbers were trans-
ported down the flume from the Sierra. More than 700 cords
of fuel wood and 500,000 board feet of mining timbers were
transported down the Carson and Tahoe Lumber Company’s
flume daily (DeQuille 1889). Spring floods on the Carson
River also were used for transporting wood. More than
150,000 cords of wood were floated down the Carson in a
typical season.

Although the adjacent Sierra slope fulfilled much of the
Comstock’s demand for wood products, its use of pinyon and
juniper was still extensive. The Comstock is located on the
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edge of these woodlands in the Great Basin. Utah juniper
extends north of the Comstock, but singleleaf pinyon occurs
south of a line running diagonally across Nevada, from
Virginia City to the Idaho-Utah-Nevada corner (Beason
1974). Mining operations along the Comstock Lode from the
early 1860’s until well into the present century drew upon
this adjacent wood resource. As a result, more than 190,000
acres of second-growth pinyon-juniper woodland now cover
Douglas, Ormsby, and southernmost Washoe Counties
(Wilson 1941).

Use of wood in subsequent mining strikes and boomtowns
in western Nevada and eastern California (for example,
Aurora and Bodie) more or less followed the same pattern:
transportation of fuelwood and timbers from the adjacent
Sierra Nevada and secondary reliance on pinyon-juniper
woodlands, especially for firewood.

Mining in Central Nevada

In 1862 a former Pony Express rider who was cutting
wood discovered silver ore in the Toiyabe Range, 175 miles
east of Virginia City. This new find, around which grew the
town of Austin and the Reese River Mining District, brought
the wood energy crisis into sharp focus. Central Nevada was
too far removed from the Sierra Nevada for the transporta-
tion of huge quantities of fuel. The pinyon-juniper wood-
lands alone had to sustain the mining industry.

In contrast to the free-milling ores on the Comstock, the
Reese River ores were called refractory or rebellious
(Oberbillig 1967). The Reese River ores were dry crushed
and roasted with salt to permit amalgamation with mer-
cury. Although dry crushing was a terrible health hazard
to the millworkers, it saved the cost of drying the crushed
ore before roasting and prevented losses from oxidation of
wet ores. The salt was harvested from playas in the desert
valleys and often packed to the mines using camels (Young
1982).

During the 1860’s, the Reese River mills used reverbera-
tory furnaces in which the ore was heated on hearths and
roasted, with the flame passing across the top of the bed of
ore. These furnaces took 7 hours to roast each charge of ore,
consumed salt amounting to 8 or 10 percent of the ore
volume, and burned a cord of wood per ton of capacity
(Rossiter 1870). There was only one source of fuel for roast-
ing the ore, and that was the pinyon-juniper woodlands.
Roughly 60 percent of the expense of milling ore was for
fuelwood.

The efficiency of roasting was greatly improved by the
development in 1869 of a new furnace by C. A. Stetefeldt.
The principle of this furnace is that finely ground silver ore
and salt are completely chloridized when they fall against a
current of hot gas. The Stetefeldt furnace became the stan-
dard roasting mechanism for the central Great Basin until
all amalgamation processes were replaced by the cyanide
process early in the twentieth century (Oberbillig 1967).

Only one-third as much wood was required with the
Stetefeldt furnace as compared to earlier furnaces, and the
labor requirement was greatly reduced. The technology
developed on the Reese River Mining District provided the
model for next three decades.
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Charcoal Production

Despite savings in wood with the new technology, the
energy source became very expensive once stands of pin-
yon and juniper adjacent to the mills were cut. There was no
water transportation available in the arid mountains, so
costs were reduced by carbonizing the raw wood to charcoal
before transportation to the mills.

The production of charcoal had a long history in Europe
and was a part of all ancient civilizations. Industrial char-
coal production, such as was practiced by the early iron
smeltingindustry in Sweden, was a major cause of extensive
deforestation. Spanish cultures had a long heritage of char-
coal production from oak. Charcoal from oak was burned in
California long before the gold rush. By carbonizing wood
through controlled combustion, it was possible to obtain
fairly high-energy-value fuel with a 60 percent savings in
volume and about 80 percent savings in weight over raw
cordwood. During the 1860’s and 1870’s, several million
bushels of charcoal were produced in the northeastern United
States for use in the manufacturing of iron (Hough 1878).
The charcoal industry started in what became the United
States with the construction of a kiln about 80 miles from
Jamestown, Virginia in 1620 (Baker 1985). As the iron
industry moved west to Pittsburgh, the demand for charcoal
greatly increased. Charcoal iron production increased until
1880, when about 800,000 tons were produced.

Making charcoal from wood is essentially the process of
partially burning the wood. The degree to which the wood is
burned is controlled by regulating the amount of air admit-
ted. Heat generated by burning the wood distills combus-
tible vapors, which arise from wood surrounding the burn-
ing zone. The heat caused by the burning of these gases
distills more gas from surrounding wood, and the zone of
distillation moves progressively through the pile. Enough
air is admitted to burn the gases, but not enough to burn the
carbon residue, which is charcoal. If the burning process is
correctly done, the result is good charcoal, relatively free
from volatile and vaporous material (Anonymous 1943).

A common industry in the eastern United States during
the nineteenth century was the capture of and condensation
of gases released by the charcoal burning process. Before
petrochemical production, all industrial important organic
chemicals were obtained from wood (Baker 1985). Most of
these chemicals were obtained from hardwood-distillation.
Longleaf pine (Pinus palustris) was important for the pro-
duction of pine tars and oils from which turpentine was
refined. Early miners in California and Nevada did distill
pineoilsfrom native trees. The sap ofdigger (Pinus sabiniana)
and Jeffrey pine (Pinus jeffreyi) contain a volatile, explo-
sive chemical which caused stills to explode (Mirov and
Kraebel 1939). The precious metal milling and recovery
industry in the Great Basin would have required large
amounts of pine tar for waterproofing the largely hydraulic
milling operations, but there is no record of singleleaf
pinyon being distilled for pine tar production.

Cutting singleleaf pinyon, Utah or western juniper for
fuelwood is a miserable job. Mature pinyon and juniper
trees seldom exceed 30 to 35 ft in height and 20 inches in
diameter at the base. In addition to their small size, both
species usually have poor growth form. Open grown trees
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are often multi-stemmed and exceedingly bushy. Both spe-
cies lack natural pruning, and thus retain branches right
down to the ground. These characteristics make pinyon
and juniper difficult to fell and buck into cordwood. We
estimate that cutting a cord of pinyon wood required at least
two or three times as much labor as cutting a cord of
ponderosa pine.

Pinyon logs were cut and allowed to dry before they were
burned in earth-covered pits. The term charcoal pit is mis-
leading. Although in the finished kiln the wood was com-
pletely covered with soil, the base was usually located at the
soil surface. In construction of the pit, a center chimney was
made, either by driving three poles into the ground and
keeping them separate, or by building a triangular crib of
wood in the center. The chimney was packed to part of its
height with dry grass, twigs, or other loose combustible
material. This material was used to start the fire. The
chimney served as a support for the pile of wood and as a flue
to aid the draft and carry off smoke. The charge of wood was
piled around the central chimney, standing on end and
leaning slightly toward the center. Top layers were put on
flat, so the kiln was dome shaped.

The entire mound, except for the central opening at the
top, was covered with grass and pine needles to a depth of
3 to 5 inches. This fine organic material was topped with
2 to 5 inches of clay soil; sandy soil would not provide the
correct seal. Care was taken to make the soil layer as air
tight as possible. Small openings were left around the
bottom for draft. The size of these holes was varied or
controlled by putting in or taking out soil.

Management of the burning process required consider-
able skill. The kiln was lit through the central chimney.
After the fire was well started, the draft was reduced.
Burning conditions were judged by the color of the smoke.
The kiln had to be watched night and day, and wet clay was
kept on hand to repair any cracks. A 100-cord pit kiln
probably required from 3 weeks to a month to burn.

When it was judged that all wood in the kiln had been
completely burned, all openings were closed. The cooling
process required a week to 10 days for large kilns. Opening
the cooled kiln was a dangerous operation, best carried out
when the wind was still. Unless it was completely cold, the
kiln was always in danger of igniting the charcoal during
the opening process.

Utah juniper and curlleaf mountain mahogany (Cerco-
carpus ledifolius) were also converted to charcoal. These
species required higher temperatures for conversion to
charcoal than can be obtained with ground pits. To properly
control overdrafts, beehive-shaped ovens were constructed
from native stone (Grazeola 1969). Many perfectly sym-
metrical ovens remain today in isolated parts of Nevada
as monuments to the back-breaking labor of a forgotten
industry.

The yield of cordwood from pinyon-juniper woodlands can
vary from less than 1 cord to more than 12 cords per acre.
A charcoal pit produced from 2,000 to 3,300 bushels of
charcoal from a supply of 100 cords of wood. Therefore,
roughly 10 to 100 acres of woodland had to be cut for each pit.
Probably the lower yielding woodlands were too sparse for
their use to be economical. A yield of 300 bushels of charcoal
per acre may have been a reasonable average.
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Eureka, about 60 miles east of Austin, Nevada, became
important in the 1870’s and 1880’s. From 1869 to 1863 the
Eureka District produced $60,000,000 of gold and silver
and 225,000 tons of lead. Smoke from roasted ores was so
severe, elongated stacks were run up the canyon walls and
then vertically to vent the fumes from this Pittsburgh of
the West. The major milling companies were processing
750 tons of ore per day. The milling process required 25 to
35 bushels of charcoal per ton of ore. An estimated 1.25
million bushels of charcoal were consumed at Eureka in
1875 (Anonymous 1875).

The demand for charcoal was so great that deforestation
became a severe problem. From our estimates of wood
yield, 4,000 to 5,000 acres of woodland had tobe cut annually
to supply Eureka mills. By 1874 the mountain slopes around
Eureka were denuded of pinyon and juniper for a radius of
20 miles. The average hauling distance from pit to smelter
was 35 miles (Anonymous 1875).

Deforestation pushed shipping costs higher until the
price of charcoal topped 30 cents per bushel. The standard
transportation unit was 16- to 20-mule teams pulling four
wagons, hitched in tandem, each loaded with 4 tons of sacked
charcoal.

Eureka is a well-documented, but not isolated, example of
the use of pinyon-juniper woodlands. The spread of mining
brought prospectors, with little and big boomtowns, to virtu-
ally every mountain range in Nevada (Paher 1970).

In the far Northwestern Great Basin there is little evi-
dence that western juniper (Juniperous occidentalis) was
extensively cut during the settlement period (1870-1920)
(Miller and Rose 1995). There was no large mining industry
in eastern Oregon, and other wood resources were available
through much of the region. It also appears the western
juniper woodlands were limited in area compared to current
conditions. Pre-settlement western juniper was often found
on ridge-tops or on low sagebrush sites that were relatively
safe from wildfires. In 1936 and 1937, during the establish-
ment of the Squaw Butte Experimental Range near Burns,
Oregon, crews traveled 40 miles to cut juniper posts to fence
therange. Today, there are extensive western juniper wood-
lands on the experimental range. The pulse of western
juniper establishment that has occurred in eastern Oregon
is too recent to have provided wood resources during the
early settlement period.

Miners who operated north of the pinyon-juniperdistribu-
tion in the Great Basin used drastic measures to obtain
energy. The Dexter Mine at Tuscarora, Nevada, used sage-
brush (Artemisia tridentata) to fire boilers. Sagebrush was
cut and delivered to the mine for $2.50 per “cord.” The
hoisting woks smoked like a miniature Vesuvius and the
entire area was covered with ashes (Paher 1970).

In the early twentieth century, sagebrush was a major
source of fuel for settlers on the Minidoka irrigation project
located in south-central Idaho. It was a mark of economic
achievement when a family, trying to establish an irrigated
farm in the desert reclamation project, could afford to switch
from collecting sagebrush to purchased juniper or lodgepole
pine (Pinus contorta) as a source of fuelwood (Anonymous
1924),
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Other Uses of Pinyon-Juniper Wood

Despite the huge demand for charcoal in mills, the use of
pinyon and juniper wood in home heating and cooking may
have had an even greater effect on the total woodland
environment. The denuded area around Eureka, Nevada,
accounted for a relatively small percentage of the pinyon-
juniper woodlands in the Great Basin. The 70-mile-diameter
cutting circle contained roughly 2.5 million acres, of which
0.6 million acres or 24 percent was pinyon-juniper wood-
lands; this equals 3.4 percent of the 17.6 million acres of
this vegetation type in the Great Basin. Every isolated mine
and ranch had to have wood as a source of fuel and building
material. The corrals, for example, at the Walti Hot Springs
ranch in central Nevada are constructed of 3,000 juniper
poles. Some 50 miles of barbed wire fence is supported by
Jjuniper posts, with 260 posts per mile. The woodlands above
the ranch are laced with wagon roads among the stumps left
from past use. One may multiply this example by the hun-
dreds of ranches and thousands of mining prospects to esti-
mate the true extent of use of the pinyon-juniper woodlands.

When large ranches in the Humboldt Valley of Nevada
were first fencing with barbed wire during the 1880’s, they
could buy redwood posts from California cheaper than
juniper posts from the over-utilized woodlands of the Great
Basin (Gordon 1880). Many ranchers employed Indian
woodcutters to supply posts. Thirty Mile Charley was an
enterprising Paiute resident of Montello, Nevada, who con-
tracted with the giant ranches of the Utah Construction
Company. His crews cut 3,000 to 4,000 posts per season
(Bowman 1958).

The accelerated use of pinyon-juniper woodlands also
brought promiscuous burning. David Griffiths, a trained
scientific observer, reported in 1902 that every mountain
range in the northern Great Basin showed evidence of
recent wildfires. He attributed most of the fires in areas
remote from railroads to promiscuous burning.

Sheep, cattle, and horses, Griffiths noted, heavily utilized
the Great Basin ranges at the turn of the century. Domestic
livestock did not eat the pinyon or juniper reproduction, but,
by depleting the herbaceous understory vegetation, they
favored the re-establishment of woody plants by reducing
competition and changing the fuels available for wildfires.

Depleted by promiscuous hunting to near extinction, mule
deer herds grew at exponential rates during the first half
of the twentieth century (Clements and Young 1997). This
growth in mule deer populations paralleled the growth of
shrub populations, especially in former pinyon-juniper wood-
lands. As trees re-established and eventually grew to domi-
nance that depleted shrub populations, many mule deer
populations have crashed.

After World War I, the Great Basin gradually became
dependent on fossil fuels for energy; first the cities and
towns, and then, even more slowly, the rural areas. A
declining rural population also helped to lessen use of
pinyon-juniper woodlands.
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Biotic, Edaphic, and Other Factors
Influencing Pinyon-Juniper Distribution
in the Great Basin

Kimball T. Harper
James N. Davis

Abstract—Drought and severe frost events during the growing
season often limit the distribution of pinyon-juniper woodlands to
relatively narrow altitudinal belts on mountain sides throughout
the Great Basin and across the Colorado Plateau. Dramatic zone
inversions may arise to confound more common patterns and place
pinyon-juniper woodlands above the mountain brush zone. Such a
zone inversion occurs on a grand scale in Spanish Fork Canyon,
Utah County, Utah, where Utah juniper and Colorado pinyon have
an ecological advantage over Gambel oak and associated mountain
brush species. Utah juniper and associated pinyons are insensitive
to differences in geologic parent materials and soils derived there-
from. Regional floristic patterns and climatic changes associated
with differences in elevation exert a far stronger impact. Woodland
successional processes proceed more quickly on deep deposits of
volcanic ash and alluvium or lacustrine deposits than on soils
derived in place from consolidated bedrock of volcanic or sedimen-
tary origin.

The pinyon-juniper forests of the Intermountain Region
of western North America dominate literally millions of
hectares of the landscapes of that area (West and others
1975). In this paper, we evaluate the composition of pinyon-
Jjuniper forests growing on some of the most widespread
and edaphically different geologic parent materials present
in the Great Basin portions of Utah.

Methods

Our sample has been gleaned from the files of the Utah
Division of Wildlife Resources (DWR). For almost half a
century, DWR personnel have monitored composition and
health of big game winter ranges throughout the state. In
our analysis of those records, we had three basic require-
ments for study site inclusion in this study: (1) geologic
parent material at the site must be designated, (2) vegeta-
tional data must be quantified, and (3) soil physical and
chemical characteristic must be reported. A total of 29 sites
were found in the DWR record file that satisfied all (or

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc., RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.
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essentially all) of our requirements. In addition, we include
some original data from our own work in Spanish Fork
Canyon, Utah County, Utah.

Vegetational data were taken along transects, each 270 m
inlength. Each transect line consisted of five transects 30 m
in length. Transects alternated with 30 m segments that
were not inventoried. Quadrats (1.0 m?2) were placed at 3 m
intervals along each transect beginning at the 0 point and
alternating from the right to left sides of the survey tape.
Cover was determined within each quadrat for each species
using a slightly modified procedure from that described by
Daubenmire (1959). Plant densities for grasses and forbs
were determined by counting individuals rooted within the
quadrats. Shrub densities were estimated along a 0.005 ha
strip plot on each of the five transects centered over the
survey tape. Frequencies for shrubs were based on occur-
rence within each of the 0.005-ha strips. Frequencies for
forbs and grasses were based on species presence within any
of the quadrats. Plant nomenclature follows Welsh and
others (1993). Geologic stratigraphy in Spanish Fork Can-
yon has been taken from Hintze (1973, 1982). Climatic data
were taken from National Oceanic and Atmospheric Ad-
ministration (1992) summaries and from rain gauges main-
tained by us at Millfork duringthe frost-free seasons of 1991-
1994. Soils were analyzed by the Soil and Plant Analysis
Laboratory, Department of Agronomy and Horticulture,
Brigham Young University using analytical methods recom-
mended by Black and others (1965). Statistical analyses
(analysis of variance, multiple range tests, and regression
analyses) were made following procedures recommended
by Sokal and Rohlf (1969).

Results

Our sample represents pinyon-juniper woodlands grow-
ing on five major geologic parent materials in the Great
Basin physiographic province of Western Utah (table 1).
Each major parent material is represented by six or seven
sites except for quartzite for which only three sites could be
found and all of those lacked information on most chemical
and physical characteristics of the soil. The study sites are
similar with respect to elevation with sites on granite having
the greatest average elevation (1,926 m) and those on sand-
stone the lowest elevations (1,341 m), but none of those
differences are statistically significant at the p 0.05 level.
Soil reaction averages were even more similar among sites
(average values ranging from 7.5 to 7.7) (table 1). All soils
were high in sand (41 to 57 percent). Soil skeletal (stone)
content and available P were more variable. Sandstone
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Table 1—Physical and chemical characteristics of pinyon-juniper sites and their soils on each of five different geologic parent materials in
western Utah. Soil characteristics pertain to the surface 15 cm of the profile. Means followed by the same letter in superscript

do not differ significantly.

Parent material

Characteristic Alluvium Granite Limestone Quartzite Sandstone
No. of sites 7 6 7 3 6
Average elevation (m) 1,7092 1,9268 1,8242 1,8192 1,3412
Average soil pH 7.52 7.52 7.7% NA 7.52
Skeletal material (percent by vol.) 122 242 252 432 62
Sand (percent by wt.) 57° 4630 412 NA 432
Available P (ppm) 732 1062 312 NA 712

NA = not available

sites had the least skeletal material (6 percent) in the upper
soil profile, and quartzite sites had the most (43 percent).
Available P was greatest (106 ppm) in soils derived from
granite and least (31 ppm) in soils of limestone origin.
However, since variances were great and sample sizes were
small, none of the foregoing differences were statistically
significant at the 0.05 probability level.

Geologic substrate had ambiguous effects on vegetational
characteristics of the pinyon-juniper woodlands examined
(table 2). Because sample sizes are small and variances are
large for all variables considered, almost none of the vegeta-
tional differences among parent material categories differed
significantly (p < 0.05). Variables that did show some
significant differences included proportions of species that
were woody and proportions of species that were introduced.
Woody species accounted for almost half of all species on

sandstone parent materials and less than a quarter of
the species on pinyon-juniper sites where soils were de-
rived from limestone. Introduced species accounted for over
20 percent of all species at pinyon-juniper sites on lime-
stone, but both quartzite and sandstone soils had fewer than
6 percent of their flora contributed by introduced species.
Symphoricarpos oreophilus was a dominant understory spe-
cies from sites above 1,800 m on quartzite parent material,
but not on sites at similar elevations where parent materials
were limestone or granite.

The foregoing data show few indications that geologic
parent materials alone have strong and predictable impacts
on composition of vegetation in the pinyon-juniper zone in
western Utah. In Spanish Fork Canyon, Utah County, Utah,
however, strong differences in parent material do seem to
interact with climatic differences to produce a major change

Table 2—Characteristics of the vegetation of pinyon-juniper woodlands growing on various geological substrates in western Utah. Tree com-
position data were not tested for significance of differences because stands were at different successional stages. Other data were
tested for significance of differences among parent material groups. Means followed by the same letter do not differ significantly.

Parent material

Characteristic Alluvium Granite Limestone Quartzite Sandstone

Percent sum-tree-density

Juniperus osteosperma (percent) 90.5 67.1 84.9 100.0 60.2

Pinus edulis (percent) 0.00 0.00 14.8 0.00 39.8

P. monophylla (percent) 9.5 32.9 0.3 0.00 0.00
Average No. species sampled per site 19.728 29.62 27.32 23.08 18.82
Proportion species that are woody (percent) 27.23b 26.320 23.42 32.12b 45.4b
Understory living cover (percent) 36.92 29.2# 29.12@ NA 23.32
Proportion of species that are: '

Annual (percent of all species) 18.32 .16.82 14.62 3.92 14.52

Introduced (percent of all species) 15.00¢ 18.3% 21.50 5.9a¢ 5.58¢
Dominant species’ ,

Shrub Artemisia A. tridentata Gutierrezia Artemisia nova, Ephedra viridis,

tridentata sarothrae Symphoricarpos G. sarothrae,
oreophilus Opuntia polyacantha
Perennial grass P‘oa, . None Elymus Elymus spicatus, None
secunda spicatus Sitanion hystrix,
Stipa hymenoides
Perennial forb Nore None None Cryptantha sp. Astragalus sp.,
' Eriogonum sp.,
Penstemon sp.

'Dominant species were here considered to be those that produce meésuréble cover in over half the stands considered in a geological subgroup.
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Table 3—Soil and site characteristics under pinyon-juniper woodlands in the Mill Fork area of Spanish Fork Canyon. For comparison,
we also report soil and site characteristics reported for Gambel oak sites. Data are derived from literature references as noted.
Data for pinyon-juniper woodlands near Mill Fork are taken from Farmer (1995).

Dominant vegetation

Characteristic

Pinyon-Juniper

Oak

Elevation {m) 1,920

Soil pH 7.9 (Farmer 1995)

7.5 (Statewide ave., Bunderson

and others 1985)

Clay (percent by wt. in mid-profile) 28 (Farmer 1995)

24 (Bunderson and others 1985)

Sand (percent by wt. in mid-profile) 44 (Farmer 1995)

46 (Statewide ave., Bunderson

and others 1985

1,676-2,286 (Harper and others 1985)

6.6 (Allman 1953)
7.4 (Yake and Brotherson 1979)
circumneutral (Harper and others 1985)

38 (Allman 1953)
25 (Yake and Brotherson 1979)

39 (Allman 1953)
24 (Yake and Brotherson 1979)

in relative placement of the pinyon-juniper zone in the vege-
tational sequence along an altitudinal gradient. Normally
pinyon-juniper woodlands occur between sagebrush-grass
and mountain brush vegetation (Woodbury 1954), but at the
mouth of Spanish Fork Canyon, the mountain brush zone
borders sagebrush-grass vegetation along the Wasatch Front.
Dominated by Gambel oak (Quercus gambelii), bigtooth
maple (Acer grandidentatum), Vasey sagebrush (Artemisia
tridentata var. vaseyana), and a large number of other
montane shrubby species, the mountain brush zone prevails
between the valley edge at about 1,585 m and roughly 1,750
m elevation. At that general elevation, Green River Shale
becomes the dominant parent material. Green River Shale
supports pinyon-juniper woodlands of typical composition
and structure over large areas at this location. Green River
Shale gives way to the Colton Formation near Gilluly at
roughly 2,000 m. The Colton material, however, is much like
Green River Shale in terms of degree of consolidation,
texture, and chemistry and vegetational response is similar
on the two parent materials. Thus pinyon-juniper vegeta-
tion is apparent on steep, south-facing slopes almost to
Soldier’s Summit Pass at 2,275 m. In the middle of the
elevational belt where Green River Shale occurs, pinyon-
Jjuniper woodlands are present on both south-facing and
north-facing slopes. On north-facing slopes, Symphoricarpos
oreophilus is the major understory shrub. That species is

uncommon on south-facing slopes except above 1,900 m.
Vasey sagebrush and Oregon grape (Mahonia repens) are
other common understory shrubs on north-facing slopes.

Characteristics of soils developed on Green River Shale in
the Mill Fork area of Spanish Fork Canyon are presented
in table 3. Results suggest that soils in that zone are more
basic and coarser textured than soils that underlie Gambel
oak communities at that elevation elsewhere in eastern
Utah County. Bunderson and others (1985) statewide aver-
ages for pinyon-juniper woodland are close to those observed
for Green River Shale at Mill Fork (table 3). Leonard and
others (1987) summarized all published information con-
cerning soil characteristics associated with Utah juniper,
Colorado pinyon, and single-leaf pinyon in Utah. They re-
port that all three species have broad tolerances, but are
best represented on loamy to silt loam soils. Juniper and
single-leaf pinyon are most often found on soils that contain
15-35 percent skeletal material by volume. Colorado pinyon
occurred most often on soils that had 35-60 percent skeletal
material. Leonard and others (1987) concluded that Utah
juniper and Colorado pinyon occurred “often” on strongly
alkaline soils.

The data show that a distinct rain shadow occurs in the
Mill Fork area (table 4). The normal pattern is for precipita-
tion to increase with elevation (Harper and others 1980),
thus providing more precipitation at mid-elevations where

Table 4—Precipitation and average annual temperature along an altitudinal gradient that paralflels Spanish Fork Canyon.
Data for Spanish Fork Power House, Birdseye, and Scofield Dam are from a 30 year summary published by
National Oceanic and Atmospheric Administration (1992). Result for Mill Fork were either measured directly by
Farmer (1995) or were estimated using a linear regression model based on elevation at the three sites reported

by NOAA.
Location
Spanish Fork
Characteristic Power House Birdseye Mill Fork Scofield Dam

Elevation (m) 1,439 1,750 1,920 2,326

May - Oct. precip. (cm) 225 19.0 21.8 (4 yr measured ave.) 17.9

Nov. - Apr. precip. (cm) 30.0 25.5 23.4 (estimated) 17.9
Mean annual precip. (cm) 52.5 445 45.2 35.8
Mean annual temperature (C) 10.9 6.1 5.6 (estimated) 2.3
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mountain brush vegetation normally occurs than at lower
elevations where pinyon-juniper woodlands commonly oc-
cur. Near the mouth of Spanish Fork Canyon, however, high
mountains (>3,000 m) form the western edge of the Wasatch
Front immediately adjacent to the Utah Valley (elevation
<1,525 m). Elevations to the east of that initial crest are
almost everywhere lower all the way to Soldier’s Summit
(some 26 km to the east), the watershed divide between the
Great Basin and the Colorado River drainage system. As
shown in table 4, precipitation steadily declines from Span-
ish Fork to Scofield Dam despite a consistent increase in
elevation. The unexpectedly high precipitation at Spanish
Fork apparently owes its existence to a phenomenon known
as the approach effect. Daubenmire (1947) has described
the approach effect as a situation in which approaching air
masses driven before prevailing winds begin to ascend
before they reach a mountain barrier more-or-less at right
angles tothe dominant winds. The ascending air cools to dew
point and releases some of its vapor as liquid (or crystalline)
precipitation.

Discussion

Our results support the assumption that regional domi-
nants should be somewhat indifferent to geologic parent
materials that may differ on a small scale within a common
macroclimatic zone. Both pinyon and juniper occur on a
variety of parent materials in the eastern Great Basin
without conspicuous and predictable differences in vegeta-
tional structure or composition.

Regional differences are apparent in the pinyon-juniper
woodlands of Utah, but they are better correlated with
macroclimatic and floristic province differences than with
geologic parent materials. Among the tree species, P. edulis
occurs primarily east of the Wasatch Front and the high
plateau complex that forms a mountainous border between
the Colorado Plateau and the Great Basin. In contrast, P.
monophylla is largely confined to the Great Basin portions
of western Utah. Cliffrose (Purshia mexicana) is a con-
spicuous component of pinyon-juniper woodland in an area
largely congruent with P. edulis, but it is replaced by bitter-
brush (Purshia tridentata) in most of the Great Basin.
Orthocarpus purpureo-albus is a common native annual in
understories of woodlands of southeastern Utah, but it is
absent in the Great Basin. Shepherdia rotundifolia, a strik-
ing shrub of the Colorado Plateau woodlands, is unknown
in the Great Basin.

The remarkable zone inversion in Spanish Fork Canyon
apparently owes its existence to a chance occurrence of a
strongly alkaline parent material (Green River Shale)in an
area affected by a persistent rain shadow. Steep topography
throughout the area dominated by pinyon-juniper wood-
lands ensures that erosional rates remain rapid enough to
preclude or seriously interfere with soil development pro-
cesses that would likely make the sites more favorable for
mountain brush species. It is doubtful that the reversal of
mountain brush and pinyon-juniper in the altitudinal se-
quence of vegetational types could occur without the co-
occurrence of strongly alkaline parent material, reduced
precipitation and rapid geologic erosion. The rarity of such
areversal in the landscapes of western United States would
seem to indicate that the congruence of the causal agents
noted above is uncommon.
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Although our data show no consistent effects of geological
parent materials on pinyon-juniper woodlands composition,
cursory observations in southwestern Utah suggest that
successional processes are faster on deep volcanic ash depos-
its. Such sites also support what appear to be the more dense
pinyon-juniper woodlands in the region. Tree growth rates
seem more rapid as well. Although we have inadequate data
to evaluate these observations, we suggest that they may
have management implications and deserve study.
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Description of Pinyon-Juniper and Juniper
Woodlands in Utah and Nevada From an
Inventory Perspective

Renee A. O’Brien

Sharon W. Woudenberg

Abstract—Forests composed mostly of pinyon and/or juniper spe-
cies cover more than 45.3 million acres in the Intermountain West.
About 40 percent (18.0 million acres) of that area is in Nevada and
Utah, where roughly 71 percent of the total forest land is pinyon-
Jjuniper and juniper forest type. The net volume of pinyon and
juniper species in the two States is estimated at over 10.3 billion
cubic feet, or about 137.5 million cords. Juniper makes up 63 and
47 percent of the pinyon-juniper volume in Utah and Nevada,
respectively. Fifty-eight percent of the total number of pinyon and
juniper trees in Nevada, and 49 percent in Utah are pinyon. About
53 percent of pinyon-juniper and juniper stands in Utah and about
67 percent in Nevada are estimated to be between 40 and 120 years
old. Almost 20 percent of stands in Utah and 9 percent of stands in
Nevada have an age over 200 years. Only about 6 percent of Utah
stands and less than 1 percent of Nevada stands show evidence of
chaining.

The objective of this paper is to present an overview of
composition, structure, and productivity of pinyon-juniper
and juniper ecosystems, focusing on data from recent Utah
and Nevada State inventories. This paper will also demon-
strate the use of large-scale inventory data for planning and
decision making.

Forest types composed of pinyon and/or juniper species
cover approximately 45.3 million acres in the western States
of Montana, Idaho, Wyoming, Nevada, Utah, Colorado,
Arizona, and New Mexico. The Interior West Resource
Inventory, Monitoring, and Evaluation IWRIME) Program
of the U.S. Forest Service, Rocky Mountain Research Sta-
tion, conducts forest land inventories in these eight States
as part of its national Forest Inventory and Analysis (FIA)
duties. About 40 percent of the pinyon-juniper and pure
juniper ecosystems in the area inventoried by IWRIME
occurs in Nevada and Utah, where roughly 71 percent of the
total forest land is pinyon-juniper or pure juniper forest
type.

This paper will focus only on the pinyon-juniper and
juniper forest types in Utah and Nevada, with special

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.
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emphasis on Utah. Utah is the Interior West State with the
most complete and current forest inventory data base. In
the past, IWRIME did not usually inventory National Forest
System (NFS) lands, obtaining the numbers instead from
NFS inventories for State and regional reporting. However,
a cooperative agreement and funding from the U.S. Forest
Service Intermountain Region resulted in a comprehensive
inventory of Utah’s forests that included NFS lands and all
reserved lands and was completed in 1995. A Utah State
report is currently being prepared (O’Brien, in preparation).
Nevada also has a fairly comprehensive State inventory,
which was conducted between 1978 and 1982. An area
update was done in 1989, and the results of the Nevada
inventory were published in 1992 (Born and others). The
number of field plots on pinyon-juniper and juniper forest
types in Nevada was 1,104, and in Utah, 1,212 (fig. 1).

Also shown in figure 1 are parts of six ecoregions that
occur in Nevada and Utah, as described by Bailey (1995):
(1) American Semi-Desert and Desert Province, (2) Colorado
Plateau Semi-Desert Province, (3) Intermountain Semi-
Desert Province, (4) Intermountain Semi-Desert and Desert
Province, (5) Nevada-Utah Mountains-Semi-Desert-
Coniferous Forest-Alpine Meadow Province, and (6) South-
ern Rocky Mountain Steppe-Open Woodland-Coniferous
Forest-Alpine Meadow Province.

Figure 1—Utah and Nevada ecoregions and IWRIME
pinyon-juniper or juniper field plots.
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Table 1—Area and net volume with percent standard error for pinyon-juniper and juniper
forest types in Utah 1993, and Nevada 1989.

State Forest type Attribute  Area Volume Percent standard
acres thousand error

Utah Pinyon-juniper Area 7,766,307 2.3
Volume 5,365,955 3.2

Juniper Area 1,382,400 7.3

Volume 660,683 8.9

Nevada  Pinyon-juniper Area 7,155,970 1.3
Volume 3,498,881 29

Juniper Area 1,683,566 5.6

Volume 560,305 7.7

Sampling Procedures _

IWRIME uses a two-phase sampling procedure for State
inventories, described in detail by Chojnacky (1998). The
first, or photo interpretive, phase is based on a grid of sample
points systematically located every 1,000 m across all lands
in a State. Forestry technicians use maps and aerial photos
to obtain ownership and stratification information. Field
crews conduct the second, or field, phase of the inventory on
asubsample of the phase one points that occur on forestland.
Field procedures for Utah are described in detail in USDA
(1994), and in USDA (1982) for Nevada.

For the most part, the IWRIME sampling intensity on
lands outside NFSlands in the Interior West is one field plot
every 5,000 m, or about every 3 miles. The sampling inten-
sity on NFS lands in Utah was double that of outside lands.
In Nevada, National Forest System lands were not field
sampled. Most data summaries presented in this report for
Nevada are based on the 6,526,784 acres that were actually
sampled. Area estimates for the 2,312,752 acres of NFS
lands were based on photo interpretation information, and
volume estimates in tables 1 and 2 were developed using
stratum means (field plots) from other ownerships.

The IWRIME sample was designed to meet national
standards of precision for forest attributes at State and
regional levels. Standard errors, which denote the precision
of an estimate, were computed for State totals of area and
volume of the pinyon-juniper and juniper types in Nevada
and Utah, and are presented in table 1. Standard errors are
usually higher for smaller subsets of the data.

Forest Composition and
Structure

Area

FIA differentiates pinyon-juniper forest type (stands that
have juniper and any pinyon present) from juniper forest
type (purely juniper). It is estimated that Nevada has
7,155,970 acres of pinyon-juniper forest type, composed
mostly of singleleaf pinyon (Pinus monophylla) in associa-
tion with Utah juniper (Juniperus osteosperma) or occasion-
ally Rocky Mountain juniper (Juniperus scopulorum). Two
needle pinyon (Pinus edulis) may also occasionally be found.
Juniper occurs without pinyon on about 1,683,566 acres,
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usually on drier and lower elevation sites. The total area
of pinyon-juniper and juniper combined is 8,839,536. An
additional 25,043 acres of pinyon-juniper is estimated to
occur on reserved areas, for a total of 8,864,579, with about
19 percent being pure juniper. Sixty-nine percent of the
pinyon-juniper and juniper forests in Nevada are adminis-
tered by the Bureau of Land Management (BLM), 26 percent
by NFS, and 5 percent are privately owned.

It is estimated that Utah has 7,766,307 acres of pinyon-
juniper forest type composed mainly of twoneedle pinyon or
occasionally singleleaf pinyon in association with Utah
juniper or occasionally Rocky Mountain juniper. Approxi-
mately 1,382,400 acres are occupied by juniper species
occurring without pinyon. The total area of pinyon-juniper
and juniper combined is 9,148,707 acres, with 15 percent
being pure juniper (fig. 2). Sixty-one percent of the pinyon-
juniper and juniper forests in Utah are administered by
the BLM, 15 percent by NF'S, 10 percent by other public, and
13 percent are privately owned.

Number of Trees

The composition of the forest by individual tree species is
one measure of forest structure. In Utah, it is estimated
that the number of pinyon and juniper trees is about equal
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o
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Figure 2—Area of pinyon-juniper and juniper foresttypes
in Utah and Nevada.
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(49 and 51 percent). Utah juniper makes up 92 percent, and
Rocky Mountain juniper makes up 8 percent of the juniper
trees. Twoneedle pinyon makes up 78 percent, and singleleaf
pinyon makes up 22 percent of the pinyon trees. Pinyon
makes up more of the small trees, with juniper comprising
more of the trees greater than 7 inches diameter at root
collar (d.r.c.). Fifty-eight percent of the total number of
pinyon and juniper trees in Nevada are pinyon, but more of
the trees 11 inches d.r.c. or greater are juniper.

Stand Density

Stand density index (SDI), as developed by Reineke (1933)
is a relative measure of stand density that quantifies the
relationship between trees per acre, stand basal area, aver-
age stand diameter, and stocking of a forested stand. The
concept was developed for even-aged stands, but can also be
applied to uneven-aged stands (Long and Daniel 1990). SDI
is usually presented as a percentage of the maximum SDI
for the type. A maximum SDI value of 465 was used for
pinyon-juniper, and 344 for pure juniper. SDI was computed
for each plot using those maximums, and the results were
grouped into three classes. Figure 3 shows the three classes
of SDI for each State. A site was considered to be fully
occupied at 35 percent of SDI maximum, which marks the
onset of competition related stresses and slowed growth
rates. INRIME estimates that 53 percent of pinyon-juniper
stands in Utah and 49 percent in Nevada are at or above 35
percent of SDI maximum.

Stand Age

Age information is relatively difficult to obtain for pinyon-
juniper stands because of tree form and the difficulty of
counting growth rings. In Nevada, 3 trees reflecting the
average or above average size in the stand were bored to get
stand age. Junipers were not included because of perceived
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(85-59.9%)

Figure 3—Percent area of combined pinyon-juniper
and juniper forest types by SDI class, Nevada 1989 and
Utah 1993.
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Figure 4—Percent area of combined pinyon-juniper and
juniper forest types where ages were collected by stand
age class, Nevada 1989 and Utah 1993.

difficulty in boring, so ages on pinyon-juniper forest land in
Nevada only came from pinyons. This represents a bias,
because pure juniper stands were not aged. Age data were
obtained for about 62 percent of stands sampled in Nevada.
In Utah, only one woodland tree of any species reflecting the
average of the stand (based on cruiser judgement) was aged,
but cores were collected at all locations. Cores for all wood-
land trees sampled in Utah were sent into the office for aging
and storage.

Even though the two States had different protocols for tree
selection, the pattern of age distribution was similar for both
States. Based on this admittedly scanty age data, it is
estimated that about 53 percent of the stands in Utah, and
about 67 percent of the stands where age was sampled in
Nevada were between 40 and 120 years old (fig. 4). Only
about 20 percent of the stands in Utah and 9 percent in
Nevada were over 200 years. A report on old growth, “Char-
acteristics of Old-growth Forests in the Intermountain Re-
gion” (USDA 1993), defines old-growth criteria for pinyon-
juniper forest types using trees per acre, tree diameters,
and tree ages. Screening with a combination of just two of
the criteria, stand age and stand-size class, showed that
14 percent of all Utah stands had an age of 200 years or
greater and a stand size of 9 inches (d.r.c.) or greater.

Figure 5 presents the percent area of pinyon-juniper and
juniper forest types (combined) by stand age class and
ecoregion, and gives a rough indication of the differences
among ecoregions. For example, more of the pinyon-juniper
and juniper forest types in the Colorado Plateau Semi-
Desert Province have a stand age between 161 to 300 years
than in the other ecoregions. The American Semi-Desert
and Desert Province has the most extreme differences by
age class, due probably to the small number of plots in that
ecoregion.

Because 120 years is roughly the amount of time since
significant impacts from mining and settlement would have
firstbeen feltin these areas, the data for stands 120 years old
or less was separated from stands greater than 120 years for
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Figure 5—Percent area of combined pinyon-juniper and
juniper forest types by stand age class and ecoregion,
Nevada 1989 and Utah 1993.

additional analysis. About 71 percent of the pinyon-juniper
stands sampled for age in Nevada, and about 57 percent in
Utah are estimated to be less than 120 years old. Crews
make a subjective field assessment of the predominant
human or natural disturbance on each plot that impacts the
entire condition. The percent of area with stand age 120
years or less is compared to the percent of area with stand
age greater than 120 years in terms of evidence of distur-
bance in figure 6. The overwhelming majority of pinyon-
Jjuniper or juniper stands have no visible evidence of distur-
bance in either State. One of the categories of disturbance
was chaining, which was evident on about only 6 percent of
Utah plots 120 years old or less, and about 1 percent of
Nevada plots 120 years old or less.

Volume

The total volume of wood in live pinyon and juniper trees
on all forest types in both States is estimated to be in excess
of 10.3 billion cubic feet. This number divided by a standard
FIA conversion factor of 75 gives an estimate of the number
of cords—137.5 million. Table 2 displays cubic foot volume
by species, owner, and State.

90 A
80 -
70
60 -
50
40
30
20
10

M 1-120 years (UT)
1 121+ years (UT)
B 1-120 years (NV)
B 121+ years (NV)

Percent area

None Cutting Other Fire

Chaining

Type of disturbance

Figure 6—Percent area of combined pinyon-juniper
and juniper forest types in each age category by type
of visible disturbance, Nevada 1989 and Utah 1993.

Volume of all species on pinyon-juniper and juniper forest
types averages about 459 cubic feet (6.1 cords) per acre in
Nevada, and 659 cubic feet (8.8 cords) per acre in Utah.

Figure 7 shows the difference in cubic foot volume per acre
between ecoregions. The range is from less than 200 cubic
feet per acre in the American Semi-Desert and Desert
Province to over 800 cubic feet per acre in the Southern
Rocky Mountain Steppe-Open Woodland-Coniferous For-
est-Alpine Meadow Province. These differences in average
volume per acre may reflect the climatic and geographic
differences among the ecoregions. These estimates include
otherspecies that might occur on pinyon-juniper and juniper
forest types.

Growth and Mortality

Growth for pinyon and juniper species is characteristi-
cally low, and is difficult to measure. However, it is esti-
mated that the gross growth rate for Nevada and Utah is 1
percent or less per year. The total mortality observed was
only about 5 percent of growth in Nevada, and 15 percent of
growth in Utah.

Table 2—Net volume of pinyon and juniper species by state and owner group, (thousand cubic feet).

Owner
State Species National forest Other public Private Total
Utah Pinyon 501,116 1,536,240 258,148 2,295,504
Juniper 694,610 2,800,847 491,095 3,986,552
Nevada Pinyon 548,906 1,437,842 153,811 2,140,559
Juniper 361,110 1,407,143 120,898 1,889,151
Total 2,105,742 7,182,072 1,023,952 10,311,766
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An Example of Pinyon-Juniper Woodland
Classification in Southeastern Utah

Robert M. Thompson

Abstract—In a study on the Monticello Ranger District, Manti-
LaSal National Forest, a continuous process was used in vegetation
cover type classification, plant community classification, and map-
ping. Included are guidelines for dividing and classifying, as well as
mapping instructions.

The pinyon-juniper woodland vegetative type occurs on
about 21 percent of Manti-LaSal National Forest lands. This
woodland type forms dense, closed stands on mesa tops, in
canyon bottoms, on alluvial outslopes, and as scattered open
stands on steeper side slopes and canyon walls.

The pinyon-juniper woodland vegetative type occurs in
the 8 to 18 inch precipitation zone and at elevations between
5,000 and 8,500 ft. Soils within this type have a wide variety
oftextures and depths. Some of the soil groups are Ustochrept,
Ustorthents, and Molliceutroboralfs. Parent materialsrange
from sedimentary, limestone, sandstone, and shales to igne-
ous formations.

Vegetative cover type classification, plant community
classification, and mapping is a continuous process. This
paper describes a method for mapping and classification of
some pinyon-juniper woodlands and plant communities found
on the Monticello Ranger District, Manti-LaSal National
Forest, UT.

Study Area

The study area (fig. 1) selected for site-specific pinyon-
juniper woodland classification and plant community type
mapping is located on the western half of the Monticello
Ranger District, Manti-LaSal National Forest (South Cot-
tonwood assessment area), UT. Generally, it includes all of
the South Cottonwood drainage, the Dark Canyon Wilder-
ness area, and the North and South Elk Ridges. There are
176,548 acres in this study area. Pinyon-juniper woodland
covers 68,782 acres or 39 percent of the study area.

Classification of the Pinyon-Juniper
Woodlands

The pinyon-juniper woodlands within the study area
were classified and mapped at three different levels:

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.

Robert M. Thompson is Range Conservationist, Manti-LaSal National
Forest, Intermountain Region, U.S. Department of Agriculture, Price, UT
84501,
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Level 1—Pinyon-juniper (woodlands); Level 2—Pinyon-
juniper (associations); and Level 3—Pinyon-juniper (plant
communities).

Level 1—Pinyon-Juniper Woodlands

Pinyon-juniper woodlands can be divided into four broad
types: (1) Pinyon-juniper mixed woodlands; (2) Utah juniper
woodlands; (3) Pinyon woodlands; and (4) Rocky Mountain
juniper woodlands.

Guidelines were developed to divide and classify the
various woodland types.

Data obtained from study plots and site ocular observa-
tions are used to determine the composition of the overstory
trees.

Woodland Classification

Dominant tree species make up 90 to 100 percent of
the overstory composition.

Utah juniper trees dominate
-Utah juniper woodlands

Pinyon pine trees dominate
-Pinyon woodlands

Rocky Mountain juniper trees dominate
-Rocky Mountain juniper woodlands

Dominant tree species make up 20 to 70 percent of
the overstory composition.

Mixed stands of pinyon and Utah juniper
-Pinyon-juniper mixed woodlands
Mixed stands with Rocky Mountain juniper

Rocky Mountain juniper make up 50 to 70
percent of the tree composition
-Rocky Mountain juniper woodlands

Rocky Mountain juniper make up 10 to 30
percent of the tree composition
-Pinyon-juniper mixed woodlands

Level 2—Pinyon-Juniper Plant
Association

A plant association is a combination of the dominant
overstory tree species with a dominant understory plant
species. When combined, they form a characteristic ecologic
association.

Some plant species tend to give a dominant visual charac-
ter to a site even though they are not the most abundant
plant on the area. These plants may also be used to classify
or determine a plant association. Introduced species should
not be used.

USDA Forest Service Proceedings RMRS-P-9. 1999



Select those dominant plant species that are common to
the site, soils, aspects, geologic formations, and elevations.

Association Classification

Existing dominant shrub species make up 70 to 100
percent of the understory composition.

Associated Dominant Understory Shrub Species

Black sagebrush Artemisia nova (ARNO)

Basin big Artemisia Tr. tridentata (ARTRT)
sagebrush

Mountain big Artemisia Tr. vaseyana (ARTRV)
sagebrush

True mountain- Cercocarpus montanus (CEMO)
mahogany

Littleleaf mahogany Cercocarpus intricatus (CEIN)

Bitterbrush Purshia tridentata (PUTR)

Serviceberry Amelanchier alnifolia (AMAL)

Snowberry Symphoricarposoreophilus(SYOR)

Roundleaf Sheperdia rountifolia (SHRO)
buffaloberry

Oakbrush Quereus gambelii (QUGA)

Green ephedra Ephedra viridis (EPVI)
Greenleaf manzantia Arctostaphylos patula (ARPA)

Shrub species make up only 10 to 40 percent of the
understory species composition. Several species may
be present, none dominate.

Mixed mountainbrush

No understory shrub species present
Use dominant understory ground
cover plant species present.

Level 3—Pinyon Juniper Plant
Communities and Habitats

A plant community is a combination of the overstory
dominant tree species, shrub .or dominant understory spe-
cies, and dominant ground cover species three-layered.

Study plot data and some visual observation can be used
to determine the dominant ground cover species. Plant
species that are common to the existing soils, geologic
formations, aspects, and elevations should be the prime
candidate for selection for community classification.

Dominant species make up 40 to 100 percent of the
ground cover species composition.

Select most dominant plant
species for community.

Dominant species make up only 20 to 30 percent of the
species composition. (Some once-dominant species that
have been reduced to less than 5 to 20 percent of the
composition, but are characteristic of a site, may be
used to classify a type.)

Select most representative plant
species.
No ground cover species present.

Lichens present
Annuals present

USDA Forest Service Proceedings RMRS-P-9. 1999

Dominant Ground Cover Plant Species

Carex rossii (CARO)

Dwarf lousewort Pedicularis centranthera (PECEN)
Desert goldenrod Petradora pumila (PEPU)
Western wheatgrass Agropyron smithii (AGSM)

Salina wild ryegrass Elymus salinus (ELSA)

Indian ricegrass Oryzopsis hymenoides (ORHY)

Rosses sedge

Needlegrass Stipa comata (STCO)
Galleta grass Hilaria jamesii (HIJA)
Mutton grass Poa fondleriana (POFE)

Sandberg bluegrass Poa secunda (POSE)
Pinyon-Juniper Woodland Classification

Using the three-level concept, a pinyon-juniper woodland
site can be classified as follows:

Pinyon-Utah Juniper Woodland e

Level 1—Pinyon-Utah juniper mixed woodlands.

Level 2—Pinyon-Utah juniper, black sagebrush
(association).

Level 3—Pinyon (PIED), Utah juniper (JUOS), black
sagebrush (ARNO), western wheatgrass (AGSM), (plant
community).

Field Mapping and Plant Community Type Numbering

Each community site was located on the ground and its
boundaries delineated on the aerial photo. The site was then
classified into its level of classification (woodland, associa-
tion, or plant community), and a descriptive name was
applied.

Mapping Numbers

For mapping purposes and ease of designating each plant
community type, a numbering system was developed. (The
pinyon-juniper type based on the old Range Survey and
Range Analysis was designated as a “9” type. The number
“9” is used as a prefix for coding all pinyon-juniper types in
the study area.)

The following woodland types, plant association, and
plant communities were found within the study area.

Woodland Types

Map No. Type
90 Pinyon-juniper (woodland)
91 Utah juniper (woodland)
92 Pinyon (woodland)
93 Rocky Mountain juniper (woodland)

Map No. Type

90 Pinyon Utah juniper (woodland)
This woodland type includes all sites where
pinyon and Utah juniper occur in mixed stands.
Tree composition may vary from 20 to 70 percent
ofeither tree present on the site. It occurs mostly
at the lower to mid elevations (6,000 to 7,500 ft),
on rocky ridges, open bench lands, alluvial fans,
and other slopes.

91 Utah juniper (woodland)
This woodland type is dominated by Utah juniper
(90 to 100 percent of the tree overstory is Utah
juniper). It occurs mostly at the lower elevations
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92

93

of the type (5,500 to 6,500 ft) and on rocky ridges,
benchlands, and alluvial slope lands.

Pinyon (woodland)

This woodland type is dominated by pinyon, with
95 to 100 percent of the overstory being pinyon
trees. It occurs at the mid to higher elevations of
the woodland type (7,500 to 8,500 ft), on bench-
lands, mesa tops, and upper slope lands.

Rocky Mountain juniper (woodland)

This woodland type includes all of the sites
dominated by Rocky Mountain juniper trees (50
to 90 percent). Some pinyon may be present
(5 to 20 percent), and at the lower elevations,
some Utah juniper may be present (1 to 5
percent). It occurs mostly at the mid elevations
of the woodland type (7,000 to 8,000 ft), on
benchlands and north slopes, along streams,
and around some meadows and wet sites.

Plant Association

Map No.

Type

Pinyon-Utah juniper woodland plant association

901
902
903
904
905
906
908

910

920
921
922
923

Pinyon-Utah juniper-black sagebrush
Pinyon-Utah juniper-mountain big sagebrush
Pinyon-Utah juniper-true mountainmahogany
Pinyon-Utah juniper-bitterbrush
Pinyon-Utah juniper-serviceberry/oakbrush
Pinyon-Utah juniper-snowberry

Pinyon-Utah juniper-roundleaf buffaloberry

Utah juniper woodland plant association

Utah juniper-black sagebrush
Pinyon woodland plant association

Pinyon-oakbrush
Pinyon-serviceberry
Pinyon-snowberry
Pinyon-mixed mountain brush

Plant Communities

Map No.

62

901

902

Plant communities and habitats
Pinyon-Utah juniper-black sagebrush

9010 Pinyon (PIED), Utah juniper (JUOS), black
sagebrush (ARNO), western wheatgrass
(AGSM), Sandberg bluegrass (POSE)

9011 Pinyon (PIED), Utah juniper (JUOS), black
sagebrush (ARNO), needlegrass (STCO),
Indian ricegrass (ORHY)

9013 Pinyon (PIED), Utah juniper (JUOS), black
sagebrush (ARNO), blue grama grass
(BOGR)

9014 Pinyon (PIED), Utah juniper (JUOS), black
sagebrush (ARNO), chained and reseeded

9017 Pinyon (PIED), Utah juniper (JUOS), basin
big sagebrush (ARTRW), squirreltail (STHY)

Pinyon-Utah juniper-mountain big sagebrush

903

904

908

9020 Pinyon (PIED), Utah juniper (JUOS), big
mountain sagebrush (ARTRV), western
wheatgrass (AGSM)

9023 Pinyon (PIED), Utah juniper (JUOS),
mountain big sagebrush (ARTRV),
needlegrass (STCO)

9024 Pinyon (PIED), Utah juniper (JUOS),
mountain big sagebrush (ARTRV), chained
and reseeded (AGER, BRIN, AGIN)

Pinyon (PIED), Utah juniper (JUOS), true
mountainmahogany

9032 Pinyon (PIED), Utah juniper (JUOS), true
mountainmahogany (CEMO), needlegrass
(STCO), Indian ricegrass (ORHY)

9033 Pinyon (PIED), Utah juniper (JUOS), little
leaf mahogany (CEIN), Rosses sedge
(CARO), (slick rock)

Pinyon (PIED)-Utah juniper (JUOS)-bitterbrush

9040 Pinyon (PIED), Utah juniper (JUOS), bitter
brush (PUTR), needlegrass (STCO), Indian
ricegrass (ORHY)

9041 Pinyon (PIED), Utah juniper (JUOS),
bitterbrush (PUTR), western wheatgrass
(AGSM), Sandberg bluegrass (POSE)

9042 Pinyon (PIED), Utah juniper (JUOS),
bitterbrush (PUTR), western wheatgrass
(AGSM)

9043 Pinyon (PIED), Utah juniper (JUOS),
bitterbrush (PUTR), chained and reseeded
(AGCR, BRIN, AGIN)

9044 Pinyon (PIED), Utah juniper (JUOS),
bitterbrush (PUTR), cliff rose (COST),
needlegrass (STCO), lichen

Pinyon (PIED), Utah juniper (JUOS), roundleaf
buffaloberry

9081 Pinyon (PIED), Utah juniper (JUOS),
roundleaf buffaloberry (SHRO), Sandberg
bluegrass (POSE)

USDA Forest Service Proceedings RMRS-P-9. 1999



158104 [BUOREN [eS ET-NUBW JousIq Jabuey 0j|adRuOj-qeOpy ‘Bale JUSUWISSESSE POOMUOROD) YINOS ‘J9A00 aARRIOBOA—] ainbBiy

S9llN ¢

Aioyusnuy sequuir) /661 NTTW woly eleQ

rIIlIIIlllllIIlIllIllllIIIllﬁ.lII-IlI-IIIlIIllIIlIIlIIlIfllIIIIIIIIIIIIIIIIIIIIIIII

-

E206

\

o)

i 1806
€206 \0 @
A
ov ’

2506

Jsdiunp uoAuld 06
ysnig ‘uN - 0§
auld esolapuod |9
ng sePnog 29
ysnigebes oy
ualreg 0

sadA] juelq Joyl0
(3504d)

sselban|q Siaqpues ‘ysnig “uyn pexig ‘(oY HS) Auagoreyng
fesjpunoy “(sonr) sediunp yein (a3id) uokuid 1806

(00.LS) sseibajpasN ‘(AHLHY) Usniq
-obes ‘i Big ‘(sonr) sediunp yein “(q31d) uokud €206

#00H %oIIS “((dvD) ebpas sassoy ‘(NJID)Aueboyow
yeajp ((sonr) sediunp yein (g3ld) uoAuld €£06

uayaI ‘(00 LS) ssebajpeaN “(1S0D) 8501 D “(41nd)
ysniquianig ‘(sonr) Jadiunp yein ‘(g3id) uokuld 06

(3504d) sseibenig biagpues ‘(1743) epaiyd3 “(TVNY)
Ausgeoinag ‘(sonr) Jediune yein {(@31d) uokuld 2506

plouewweib paxipy ysnig
UIN PaXIN ‘(SONr) sediunp yein ‘(g3ld) uoAuld 9506

(easy a)dweg)
saluUNWWo) jueld Jadiunp uoAulg

L

USDA Forest Service Proceedings RMRS-P-9. 1999



Gradient Analysis of Pinyon-Juniper
Woodland in a Southern Nevada Mountain

Range

Simon A. Lei

Abstract—The environmental variables and distribution of
singleleaf pinyon-Utah juniper woodland were examined along
an elevational gradient in Lee Canyon of southern Nevada.
TWINSPAN classification identified four primary species groups
that were dominated by blackbrush, big sagebrush, singleleaf
pinyon, and ponderosa pine, respectively, as elevation increased.
DECORANA analysis indicated that the distribution of stand and
species groups was strongly associated with elevation, soil mois-
ture, air temperature, percent bare soil and rock cover, and soil
depth. These attributes associated with changing elevation ap-
peared to be important in organizing the current vegetation assem-
blages in southern Nevada.

Creosote bush-bursage (Larrea tridentata-Ambrosia
dumosa), blackbrush (Coleogyne ramosissima), singleleaf
pinyon-Utah juniper (Pinus monophylla-Juniperus osteo-
sperma), and ponderosa pine-white fir (Pinus ponderosa-
Abies concolor) are four common vegetation types as eleva-
tion increases in southern Nevada. Previous studies in the
mountain ranges of southern Utah and Nevada have been
documented regarding changes in vegetation types that
corresponded largely with abiotic factors (Beatley 1974;
Bowns 1973; Bowns and West 1976; Turner 1982). Such
factors include precipitation, soil moisture, soil depth, and
air and soil temperatures. Soil moisture and cold winter air
temperatures appear to control the distribution of pinyon-
juniper trees at their lower and upper elevational bound-
aries, respectively, in Utah (Wright and others 1979). Shal-
low soils are typical of blackbrush shrublands due to the
presence of caliche layers, and may partially determine the
distribution and abundance of blackbrush shrubs in Utah
(Callison and Brotherson 1985). Decreased air and soil
temperatures, increased precipitation, and increased soil
moisture were strongly associated with increasing elevation
in the Spring Mountains (Lei and Walker 1995, 1997a,b).
However, other abiotic factors that potentially influence the
distribution of pinyon-juniper woodlands in southern Ne-
vada are not properly understood.

In this study, elevation was designed to determine
which abiotic factors change with changing elevation. The

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.

Simon A. Lei is a Professor of Biology and Ecology at the Community
College of Southern Nevada, 6375 West Charleston Boulevard, W2B,
Las Vegas, NV 89102-1124.

64

objectives of this study were (1) to calculate relative density
of woody perennial species, (2) to classify vegetation types,
and (3) to investigate the relationships between stand and
species groups and environmental variables. Examining
environmental parameters help elicit the ecological re-
quirements of woody plant species and the specific environ-
ment they occupy in a current pinyon-juniper vegetation
zone in southern Nevada.

Methods

Study Site

The study was conducted in Lee Canyon (roughly 36°05' N,
115°45' W), located 50 km northwest of Las Vegas, Nevada,
on the east-facing slope of the Spring Mountains. The tem-
perature and precipitation data were obtained from the
nearest long-term weather station (record of climatological
observations; National Weather Service) in Kyle Canyor,
located approximately 15 km from Lee Canyon. Lee Canyon
is an area of temperature extremes with a mean minimum
January temperatures of =12 °C ranging to 26 °C for a
mean July maximum. Winter months are frigid, often asso-
ciated with strong winds, whereas summer months are cool
with air temperatures rarely surpass 32 °C.

The Precipitation patterns include summer storms and
winter rains. Summer storms and rainfalls generally occur
in July and August, and can sometimes be locally intense.
Winter rainfalls tend to be mild, and may last several days.
Snow is frequent at high elevations. Winter precipitation
contributes significantly to the annual precipitation, which
ranges from 300 to over 600 mm in the ponderosa-fir wood-
land, and usually less than 400 mm in the pinyon-juniper
woodland.

The bajada consists of benches interspersed by dry
washes, which become more abundant and shallow when
moving down slope near the bottom of the canyon. A nearly
monospecific blackbrush shrubland occurs at mid-eleva-
tions on well-drained colluvial slopes. Caliche outcroppings
are evident along the banks of washes on the bajada of
the blackbrush zones. A pinyon-juniper woodland exists
above the blackbrush shrublands, and a montane ponderosa
pine-white fir forest occurs above the pinyon-juniper zone on
relatively high mountain slopes in Lee Canyon.

Field Surveys

Vegetation and soil measurements were conducted at
Lee Canyon in the Spring Mountains during the summer of
1996. An elevational gradient was established that began in
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the upper portion of the blackbrush shrubland, crossed the
entire pinyon-juniper belt, and terminated in the lower
portion of the montane ponderosa pine-white fir forest.
Five 200-m? (8.0 m radius) circular stands (plots) were
established at 18 sample points, located at 65-m elevation
increments between 1,700 and 2,600 m. The total elevational
change was 900 m and 90 stands were measured. Topogra-
phies ofthe transect included bench terraces, hill slopes, and
dry washes. However, when cliff and stream bed sites were
encountered, a substitute stand was placed approximately
50 m from the original transect at the identical elevation.

Within each stand, all woody perennial plant species
(>10 cm tall), including subshrubs (suffrutescent), were
identified (Munz 1974) and counted. Elevation and aspect
of each plot were recorded using an altimeter and a com-
pass, respectively. Soil depth to hardpan was estimated by
striking a steel rod into the undisturbed soils until the rod
could no longer penetrate. Soil depth was estimated by
averaging 10 random samples within each stand. Gravi-
metric soil moisture was determined by calculating the
differences between the fresh and oven-dried mass. Air
temperatures at 1.5 m above ground were recorded. The
ground surface of each stand was characterized as cemented
or non-cemented desert pavement, loose rocks, sandy, or
sandy with boulders. Percent soil and rock cover were
visually quantified, and were assigned a cover class using
the following scales: 0 = <1 percent; 1 = 1-5 percent, 2 = 6-
25 percent, 3 = 26-50 percent, 4 = 51-76 percent, and 5 = 76-
100 percent. Each circular stand was located at least 50 m
away from any main and secondary roads to eliminate
direct and indirect road effects.

Statistical Analyses

Classification and ordination techniques were applied
from the 90 sampled stands in Lee Canyon. The relative

density of each species was calculated for each stand by
dividing the number of individuals of a species by the total
number of individuals, and multiplying by 100 (Muller-
Dombois and Ellenberg 1974). Each species relative density
was entered into a species-stand matrix and classified with
TWINSPAN (Hill 1979a), a divisive hierarchical classifica-
tion technique that yields a two-way classification of species
and stands. The dichotomy was terminated when a group
consisted of four or fewer plots (Kent and Coker 1992).

For each sample location, the species relative densities
and the environmental variables were ordinated with
DECORANA (Hill 1979b), a method utilized for defining the
environmental gradients within a set of vegetation data.
The species relative densities were also subjected to
DECORANA analysis that generated stand and species
ordination diagrams where each point represented a stand
and a species, respectively. Environmental parameters at
each sample location included elevation, stand aspect, to-
pography, soil depth, type of ground surface, as well as
percent bare soil and rock cover. Each environmental pa-
rameter was then matched with axes 1 and 2 of the stand
ordination scores acquired from DECORANA to determine
correlations between stand groups and environmental fac-
tors (Analytical Software 1994).

Results

Desert vegetation at upper elevations in Lee Canyon of
the Spring Mountains consisted of 33 woody perennial
species. The TWINSPAN classification suggested that
these 33 species were organized into four primary species
groups along the elevational gradient at Lee Canyon of
southern Nevada (fig. 1; table 1).

Species in group A were typical of monospecific blackbrush
vegetation zone. Joshua tree, turpentine bush (Thamnosma
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Table 1—Woody and suffrutescent taxa establishing at Lee
Canyon of the Spring Mountains. Symbols of lifeforms:
T =Tree; S = Shrub; Ss = Subshrub (suffrutescent);
and Su = Succulent.

Species Lifeform Abbreviation
Abies concolor T ABCO
Artemisia tridentata S ARTR
Atriplex canescens S ATCA
Ceanothus greggii S CEGR
Ceratoides lanata S CELA
Cercocarpus ledifolius T CELE
Chrysothamnus nauseosus S CHNA
Coleogyne ramosissima S CORA
Cowania mexicana S COME
Ephedra nevadensis S EPNE
Ephedra viridis S EPV!
Fallugia paradoxa S FAPA
Gaura Coccinea S GACO
Gutierrezia sarothrae Ss GUSA
Juniperus osteosperma T JUOS
Lycium andersonii S LYAN
Menodora spinescens S MESP
Mirabilis froebelii S MIFR
Opuntia acanthocarpa Su OPAC
Opuntia basilaris Su OPBA
Opuntia echinocarpa Su OPEC
Opuntia ramosissima Su OPRA
Pinus flexilis T PIFL
Pinus monophylla T PIMO
Pinus ponderosa T PIPO
Populus tremuloides T POTR
Psorothamnus fremontii S PSFR
Salazaria mexicana S SAME
Tetradymia axillaris S TEAX
Thamnosma montana S THMO
Yucca baccata S YUBA
Yucca brevifolia T YUBR

montana), and Mormon tea (Ephedra nevadensis) were
some of the common associated species occurring at mid-
elevation (fig. 1). Species in group B were typical of lower
pinyon-juniper ecotone (fig. 1), with big sagebrush (Artemi-
sia tridentata) as the dominant species in terms of density
and total vegetation cover. Big sagebrush became less abun-
dant and were an understory shrub in the pinyon-juniper
woodland. Species in group C were characterized by pinyon-
juniper woodland, with singleleaf pinyon as the most abun-
dant species (fig. 1). Pinyon-juniper woodland often shared
arelatively broad lower ecotone with blackbrush. Species in
group D were characterized by montane ponderosa-fir for-
est, and were established on desert mountain slopes at high
elevations above the pinyon-juniper woodland. Limber pine
(Pinus flexilis) and quaking aspen (Populus tremuloides)
were the representative species (fig. 1).

The DECORANA ordination of the 90 stands on axes 1and
2 is shown in figure 2, and revealed the distribution of the
four TWINSPAN-based vegetation types. The DECORANA
analysis detected a significant stand group segregation
along axis 1, but not along axis 2 (fig. 2). Results of Pearson’s
correlation analysis (table 2) showed that axis 1 of the stand
ordination was significantly correlated with elevation, soil
moisture, air temperature, percent bare soil, percent rock
cover, and soil depth in descending order of significance.
However, axis 2 was not significantly correlated with any
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Figure 2—DECORANA ordination of 90 standsin Lee
Canyon of the Spring Mountains. Different symbols
represent major groups delimited by TWINSPAN.
Axis 1 of the stand ordination was significantly corre-
lated with elevation, soil moisture, air temperature,
percent bare soil and rock cover, and soil depth. Some
points were eliminated to aid visualization.

environmental variables (table 2). Ordination of the four
TWINSPAN-based species groups and individual species on
axes 1 and 2 is illustrated in figure 3, showing that different
plant species occupied different elevations and vegetation
zones in southern Nevada.

Discussion

Significant correlations between the distribution of
plant communities and environmental variables were de-
tected at Lee Canyon of the Spring Mountains in southern
Nevada. Blackbrush, big sagebrush, singleleaf pinyon, and

Table 2—Pearson’s correlation coefficient (r-value) corre-
sponding with the first and second axes of stand
ordination scores acquired from DECORANA to
various environmental factors. r-values were de-
termined from the analysis of 90 sampled stands
located at Lee Canyon of the Spring Mountains.
Significance levels: *: p < 0.05; **: p < 0.01; ***:
p < 0.001, and NS: Non-Significant.

Factor Axis 1 Axis 2
.......... AR I )

Elevation -0.97" —0.04N8
Soil moisture 0.95™ 0.16M8
Air temperature -0.89™ -0.08"s
Percent soil cover 0.87" —0.12N8
Percent rock cover -0.85™ 0.09N
Soil depth 0.83" —-0.06N8
Ground surface —0.37"¢ —0.29"\s
Topography -0.17"8 -0.38M
Plot aspect <0.01M8 —0.42\s
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ponderosa pine were the strong indicators of the species
groups A, B, C, and D, respectively, distributed along a
gradient of increasing elevation. The most important envi-
ronmental factors associated with the distribution of stand
and species groups were elevation, soil moisture, air tem-
perature, percent bare soil and percent rock cover, and soil
depth, in descending order of significance.

TWINSPAN results revealed a major dichotomy between
high and low elevation communities, with each community
splitting into two elevational phases. The first TWINSPAN
dichotomy segregated low elevational communities, with a
high abundance of blackbrush and big sagebrush shrubs,
from high elevational communities, with pinyon-juniper
and ponderosa-fir trees (fig. 1). Precipitation and soil mois-
ture are positively correlated with elevation, while air and
soil temperatures are negatively correlated with elevation
(Lei and Walker 1997b). The first dichotomy within species
groups A and B separated species generally existing in the
big sagebrush stands (upper blackbrush ecotone) from the
nearly monospecific blackbrush vegetation, which had an
increase in soil moisture and soil organic matter and a
decrease in soil compaction and soil temperatures (Lei and
Walker 1997b).

Species in group B were characterized by big sagebrush
shrubs with snakeweed (Gutierrezia sarothrae) as the most
common associated species (fig. 1). Although Joshua tree
may occur in abundance with creosote bush or Utah juni-
per, it frequently coexists with blackbrush in the Mojave
Desert (Turner 1982). The dominance of Joshua tree is more
visual than real and contributes little to the total stand
composition and vegetation cover (Turner 1982).

The second TWINSPAN dichotomy segregated species
existing at the upper blackbrush ecotone (group C) from
those existing at higher elevations (group D; fig. 1).
Blackbrush vegetation zones often form relatively broad
upper ecotones. Singleleaf pinyon was the most abundant
species in group C, and frequently establishes above the
upper blackbrush ecotones in southern Nevada. Species in
group D (fig. 1) were typical of high mountain slope vege-
tation with frigid winter air temperatures accompanied by
relatively strong winds. Precipitation is usually in the form
of snow, which can remain on the ground for extended
periods in the winter and early spring (Turner 1982).

Axes 1 and 2 of the DECORANA stand and species
ordination (figs. 2 and 3, respectively) were used to generate
hypotheses in identifying probable environmental at-
tributes on the distribution ofindividual stands and species.
DECORANA ordination of the 90 sampled stands (fig. 2)
revealed a significant stand group segregation along axis 1
only. Zonation of woody desert vegetation with respect to
elevation is conspicuous in Lee Canyon. Environmental
attributes, such as temperature, precipitation, and associated
soil development processes, are important in organizing
the final groupings of stands and species. Ecological at-
tributes associated with changing elevation largely deter-
mine species distribution and vegetation associations.

Soil depth declined at mid-elevations and was typical
blackbrush zones (Lei and Walker 1997a and b). The great-
est root biomass in these shrubland is located between 10 to
30 cm (Bowns 1973). The low root:shoot ratio is related to
shallow soil depth, impeding by the presence of caliche
layers (West 1983). Soil depth began toincrease at the upper
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blackbrush ecotone and increased considerably in each of
the two vegetation zones above blackbrush (Lei and Walker
1997a). Hence, shallowness of soils appeared to be an impor-
tant feature of the blackbrush zones and may partially
determine the presence and absence of blackbrush shrubsin
southern Nevada (Callison and Brotherson 1985; Lei and
Walker 1997a,b). Shallow soils do not store abundant water,
and more water is stored in deeper soils which can support
relatively large trees, such as limber pine, ponderosa pine,
and white fir. Soil texture, air temperatures, and precipita-
tion patterns are also an important influence on soil mois-
ture storage. Persistent snow cover at higher elevation and
slow melt later into the spring can lengthen the period of
recharge and provide more soil water, which can permit
larger and more productive individuals or species.

The percent bare soil cover generally increased with
elevation, while the percent rock cover decreased with eleva-
tion in Lee Canyon. Percent bare soil and rock cover are not
likely to be causal agents in the vegetational mosaic. They
are probably the consequence of vegetation cover, rather
than a cause for vegetation patterns. Moreover, dense
woodland vegetation normally does not establish well with
abundant rocks on the soil surface (Lei 1994, 1995). Never-
theless, limited small pockets of soft materials may exist
among the rock fragments where seedlings may grow and
survive (Lei 1994, 1995).

Implications and Future
Directions

The results of classification and ordination analyses using
vegetation and environmental data from Lee Canyon sup-
port previous studies in Utah and southern Nevada that
certain abiotic factors limit the distribution of vegetation
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Figure 3—DECORANA ordination of 33 species in Lee
Canyon of the Spring Mountains. Different symbols rep-
resent major groups delimited by TWINSPAN. Species
abbreviations are corresponded to the first two letters of
the genus and species listed in table 1.
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zones (Beatley 1974; Bowns and West 1976). Plant assem-
blages in Lee Canyon may be representative of vegetation
and landscape conditions at high mountain slopes through-
out southern Nevada. However, relationships between envi-
ronmental factors and the distribution of species are strictly
correlative. Correlation between two variables does not
necessary mean that a cause-effect relationship exists be-
tween them. Understanding additional ecological attributes
or processes are essential for developing a local model that
can accurately predict species and community distribution
and abundance. Establishment of long-term plots, as well as
experimental, physiological, and ecosystem approaches are
necessary to determine cause-effect relationships between
thedistribution of the Mojave Desert plant communities and
associated abiotic factors in southern Nevada.

Acknowledgments

I gratefully acknowledge Yin-Chin Lei, Steven Lei, David
Valenzuela, and Shevaum Valenzuela for collecting vege-
tation and environmental data. Critical review of the
manuscript by John Bolling and Leslie Thomas is deeply
appreciated.

References

Analytical Software. 1994. Statistix 4.1, an interactive statistical
program for microcomputers. Analytical Software. 329 p.

Beatley, J. C. 1974. Effects of rainfall and temperature on the
distribution and behavior of Larrea tridentata (creosote-bush) in
the Mojave Desert of Nevada. Ecology. 55: 245-261.

Bowns, J. E. 1973. An autecological study of blackbrush
(Coleogyne ramosissima Torr.) in southwestern Utah. Unpub-
lished dissertation, Utah State Univ., Logan, Utah.

Bowns, J. E. and N. E. West. 1976. Blackbrush (Coleogyne
ramosissima Torr.) on southern Utah rangelands. Department
of Range Science, Utah State University. Utah Agricultural
Experimental Station, Research report 27.

Callison, J. and J. D. Brotherson. 1985. Habitat relationship of
the blackbrush community (Coleogyne ramosissima) of southern
Utah. Great Basin Naturalist 45:321-326.

68

Hill, M. O. 1979a. TWINSPAN: A Fortran program for arranging
multivariate data in an ordered two-way table by classification of
individuals and attributes. Ecology and Systematics, Cornell
University, Ithaca, New York.

Hill, M. O. 1979b. DECORANA: A Fortran program for detrended
correspondence analysis and reciprocal averaging. Ecology and
Systematics, Cornell University, Ithaca, New York.

Kent, M. and P. Coker. 1992, Vegetation description and analysis:
a practical approach. Belhaven Press, London, United Kingdom.
363 p.

Lei, S. A. 1994. Plants of the North American deserts. Unpublished
research report, University of Nevada, Las Vegas.

Lei, S. A. 1995. A gradient analysis of Coleogyne ramosissima
communities in southern Nevada. Unpublished master’s thesis,
University of Nevada, Las Vegas.

Lei, S. A. and L. R. Walker. 1995. Classification and ordination of
Coleogyne communities in southern Nevada. Abstract of the 80th
Annual Ecological Society of American Meeting. 158 p.

Lei, S. A. and L. R. Walker. 1997a. Classification and ordination
of Coleogyne (blackbrush) communities in southern Nevada.
Great Basin Naturalist. 57: 155-162.

Lei, S. A. and L. R. Walker. 1997b. Biotic and abiotic factors
influencing the distribution of Coleogyne communities in south-
ern Nevada. Great Basin Naturalist, 57: 163-171.

Muller-Dombois, D. and H. Ellenberg. 1974. Aims and Methods of
Vegetation Ecology. John Wiley and Sons, New York. 547 p.

Munz, P.A. 1974. A flora of Southern California. University of
California Press, Berkeley, California. 1086 p.

Smith, S. D.; [and others]. 1995. Structure of woody riparian
vegetation in Great Basin National Park. In: Roundy, Bruce A,;
McArthur, E. Durant; Haley, Jennifer S.; Mann, David K., comps.
1995. Proceedings: Wildland Shrub and Arid Land Restoration
symposium; 1993 October 19-21; Las Vegas, NV. Gen. Tech. Rep.
INT-GTR-315. Ogden, UT: U.S. Department of Agriculture, For-
est Service, Intermountain Research Station: 246-251.

Turner, R. M. 1982. Biotic communities of the American south-
west—United States and Mexico. Geological Survey, U.S. De-
partment of the Interior.

West, N. E. 1983. Colorado plateau-Mohavian blackbrush semi-
desert. In: Temperate desert and semi-deserts. Elsevier Scientific
Publishing Company, Amsterdam, Netherlands: 399-411.

Wright, H. A;; L. F. Neuenschwander, and C. M. Britton. 1979.
The role and use of fire in sagebrush-grass and pinyon-juniper
plant communities. USDA Forest Service. Gen. Tech. Rep.
INT-58. Intermountain Forest and Range Experiment Sta-
tion, Ogden, Utah. :

USDA Forest Service Proceedings RMRS-P-9. 1999



Cheatgrass Frequency at Two Relic Sites
Within the Pinyon-Juniper Belt of Red

Canyon

Sherel Goodrich
Natalie Gale

Abstract—Frequency of cheatgrass (Bromus tectorum) is reported
for two relic sites within a belt of Colorado pinyon (Pinus edulis)
and Utah juniper (Juniperus osteosperma), where non-Native
Americans and their livestock are likely to have had little effect.

Young and Tipton (1990) suggested the concept of
cheatgrass spreading in a biological vacuum created by
grazing may be somewhat misleading or overstated, and
they cited two works from Washington that documented
observations of cheatgrass successfully inserting itselfinto
climax perennial grass/shrub communities that had been
protected from fire and grazing for as long as 50 years.
While livestock grazingis a factorin the spread of cheatgrass,
other works collaborate the idea that livestock grazing and
other human-induced disturbance are not the only factors.
Kindschy (1994) reported the presence and increase of
cheatgrass in southeastern Oregon’s Jordan Crater Re-
search Natural Area that has been protected from human
activities including livestock grazing. Tausch and others
(1994) found cheatgrass has displaced native perennial
species on Anaho Island in Nevada despite a general ab-
sence of human-caused disturbance and fire. They attrib-
uted the increase to the competitive ability of cheatgrass.
Knight (1994) reported the cheatgrass problem is not re-
stricted to land managed for livestock, and he gave an
example of an increase of cheatgrass following fire in Little
Bighorn Battlefield National Monument in southern Mon-
tana. He suggested that managing vegetation of a National
Monument so it reflects presettlement conditions is a goal
that may be impossible once certain introduced species
become established.

The sites of this study are located within a belt of
Colorado pinyon (Pinusedulis)and Utahjuniper (Juniperus
osteosperma) within the Green River corridor, Daggett
County, Utah. They are located on steep, warm exposures
within Red Canyon above the Flaming Gorge Reservoir at
about 1,890 to 1,950 m (6,200-6,400 ft) elevation and about
9.7 km (6 miles) west of Dutch John, UT, where data from
the Flaming Gorge Weather Station indicates mean

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15~18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.
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annual precipitation for the area of 31.75 em (12.50
inches) (Ashcroft and others 1992).

In the Bare (Bear) Mountain area of the Green River
corridor, Smith (1992) and Greenwood and others (these
proceedings) found older pinyon-juniper burns were highly
preferred by bighorn sheep (Ovis canadensis). In these
studies, bighorn sheep were also found to frequently use
areas where fire (including recent fire) kept pinyon and
juniper at low levels. However, these workers also found
the sheep avoided moderate or dense stands of pinyon-
juniper, and recent burns in dense stands of pinyon-juniper
where tree skeletons were still standing. Radio monitored
sheep were found repeatedly in a pinyon-juniper burn site
(Site 5-26) in which size and growth form of the trees that
established since the fire indicate the burn to have been
about 80 years old. Trees at the site were small and
scattered and the site was dominated by grasses. Another
site, which apparently had not been burned in the past 150
years or more, had open tree cover (Site 5-18), and it was
also used by bighorn sheep in preference to surrounding
areas with greater canopy cover of pinyon-juniper. Rock
debris covered about 50 percent of both sites, which were
located below massive cliffs. These sites were visited in
1988 and 1991 to monitor forage conditions in relation to
bighorn sheep. The bighorn sheep herd is not expected to
have played an important role in plant community dynam-
ics and composition since this was a transplanted herd of
1983 and 1984.

Domestic livestock use is expected to have been minimal
as the sites were protected by massive cliffs and steep
slopes. The sites are within a large area that has been
closed to permitted livestock grazing since the early 1960’s.

Methods and Results

Frequency of plant species was determined in 100 quad-
rats of 50 by 50 cm at intervals of 1.5 m (5 ft) along five belts
of which each was 30.5 m (100 ft) long. Within these
quadrats, presence of species was recorded in nested fre-
quency plots of 5 by 5 cm, 25 by 25 cm, and 25 by 50 cm as
well as the 50 by 50 cm quadrat.

Table 1 shows quadrat frequency and nested frequency
values. Sampling methods are those outlined by U.S. De-
partment of Agriculture, Forest Service (1993) in which
each species has a potential nested frequency score of 400.

Other species of low frequency (not listed in table 1) were
also found on the sites. Ground cover was also determined
by a point method that indicated 54 percent of the surface
was covered by rock at both sites. Ground cover provided by
vegetation and litter was about 30 percent at both sites, and
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Table 1— Quadrat frequency percent (QF) and nested frequency (NF) score based on a potential

score of 400.

Site 5—26 Site 5—18
Species QF% NF Score QF% NF Score

Cheatgrass (Bromus tectorum) 94 286 67 143
Bluebunch wheatgrass (Elymus spicatus) 53 110 2 6
Hairy goldenaster (Heterotheca villosa) 39 89 — —_
Louisiana wormwood (Artemisia ludoviciana) 23 50 — —
Brickellbush (Brickellia scabra) 13 19 — —
Plains mustard (Schoencrambe linifolia) 8 19 — —
Muttongrass (Poa fendleriana) 8 18 — —
Prickleypear (Opuntia sp.) 7 16 — —
Tansy—mustard (Descurainia pinnata) 12 16 2
Broom snakeweed (Gutierrezia sarothrae) 4 12 6 14
Fringed sagebrush (Artemisia frigida) 5 11 - —
Needle—and—thread grass (Stipa comnata) 5 11 — —_
Sanddrop seed (Sporobolus cryptandrus) 3 5 1 3
Yellow—eye cryptanth (Cryptantha flavoculata) 5 9 — —
Indian ricegrass (Stipa hymenoides) 1 1 3 8
Bottlebrush squirreltail (Elymus elymoides) — — 3 9
Black sagebrush (Artemisia nova) — — 4 10
Big sagebrush (Artemisia tridentata) — — 5 9

15 to 20 percent of both sites showed exposed soil and
pavement (gravel fragments less than 2 cm or 0.75 inches
in diameter).

Discussion

Cheatgrass was by far the most frequent species at both
study sites. Its high frequency indicates its high capacity to
drive plant community dynamics for many years following
fire in the pinyon-juniper belt on steep, south-facing, rocky
slopes of Red Canyon in the absence of livestock and with
little use by humans. It was also found with high capacity
for spreading into areas without post-European settlement
fires on these steep slopes. Bighorn sheep were known from
the area in the past (Smith 1992), and presence of bighorns
on the site represents use that predates European settle-
ment. However, these sheep had been extirpated from the
area for many years. The current presence of bighorn sheep
is afunction of a transplant of less than 10 years prior to the
data taken from these sites. Little community change is
expected from this use.

The introduction of cheatgrass to the American continent
isafunction of human activity. However, non-Native Ameri-
can influence has been low at these specific sites. The
ability of cheatgrass to drive plant community dynamics
where human and domestic livestock activities have been
low is vividly demonstrated in Red Canyon.

Management Implications

Within the past century, cheatgrass has become one of
the most potent ecological forces in parts of the West. Peters
and Bunting (1994) have suggested the introduction of
exotic annual grasses including cheatgrass into the Snake
River Plain in Idaho may have been the most important
event in the natural history of that region since the last
glacial period. Catastrophic ecosystem change for the
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western Great Basin has been suggested by Billings (1994)
as function of cheatgrass. Spread of this plant is often
associated with disturbance by humans. However, it has
inserted itself into and has dominated communities with-
out human disturbance.

Cheatgrass can be expected to be a major ecological force
within its ecological amplitude, which includes some cold
desert shrub, many sagebrush, pinyon-juniper, and moun-
tain brush communities. Its influence is accelerated by
disturbance. However, disturbance is often a matter of
“when” more than a matter of “if.” Management goals that
do not include potential for disturbance are not realistic in
many ecological settings.

The concept of potential natural communities based only
on native species is seriously challenged by cheatgrass.
With reference to cheatgrass, Knight (1994) suggested:
“Managing vegetation so it reflects presettlement condi-
tions is a goal that may be impossible once certain intro-
duced species become established.” The status of cheatgrass
in Red Canyon and the reportsin the literature cited in this
text collaborate Knight’s suggestion. Where cheatgrass is
highly adapted, it might have to be recognized within
potential. Refusing to do so will not reduce its presence, and
this will not reduce its potential for dominance.

However, the concept that preservation of native plant
communities will prevent, eliminate, or control cheatgrass
often prevails in planning, management, and legal maneu-
vering dealing with cheatgrass prone rangelands. Dynam-
ics of plant communities of warm exposures in Red Canyon
do not support this concept, and there seems to be little in
literature dealing with cheatgrass to support this concept.

References

Ashcroft, G. L.; Jensen, D. T.; Brown, J. L. 1992. Utah climate.
Logan, UT: Utah State University, Utah Climate Center. 125 p.
Billings, W. D. 1994. Ecological impacts of cheatgrass and resultant
fire on ecosystems in the western Great Basin. In: Monsen, S. B.;

USDA Forest Service Proceedings RMRS-P-9. 1999



Kitchen, S. G., compilers. Proceedings—ecology and manage-
ment of annual rangelands; 1992 May 18-21; Boise, ID. Gen.
Tech. Rep. INT-313. Ogden, UT: U.S. Department of Agriculture,
Forest Service, Intermountain Research Station: 22-30.

Greenwood, C.; Goodrich, S.; Lytle, J. These proceedings. Response
of bighorn sheep to burning in the Green River corridor, Daggett
County, Utah. In: Monsen, Stephen B.; Stevens, Richard; Tausch,
Robin J.; Miller, Rick; Goodrich, Sherel, comps. 1998. Proceed-
ings: ecology and management of pinyon-juniper communities
within the Interior West: 1997 15-18; Provo, UT. Proc. RMRS-
P-000. Ogden, UT: U.S. Department of Agriculture, Forest Ser-
vice, Rocky Mountain Research Station.

Kindschy, R. R. (1994). Pristine vegetation of the Jordan Crater
Kipukas: 1978-91. In: Monsen, S. B.; Kitchen, S. G., compilers.
Proceedings—ecology and management of annual rangelands;
1992 May 18-21; Boise, ID. Gen. Tech. Rep. INT-313. Ogden, UT:
U.S. Department of Agriculture, Forest Service, Intermountain
Research Station: 85-88.

Knight, D. H. 1994. Mountains and plains: the ecology of Wyoming
landscapes. New Haven, Conn., Yale University Press. 338 p.
Peters, E. F.; Bunting, S. C. 1994. Fire conditions pre- and post-
occurrence of annual grasses on the Snake River Plain. In:
Monsen, S.B.; Kitchen, S. G., compilers. Proceedings—ecology and
management of annual rangelands; 1992 May 18-21; Boise, ID.

USDA Forest Service Proceedings RMRS-P-9. 1999

Gen. Tech. Rep. INT-313. Ogden, UT: U.S. Department of Agricul-
ture, Forest Service, Intermountain Research Station: 31-36.

Smith, T. S. 1992. The bighorn sheep of Bear Mountain: ecological
investigations and management recommendations. Provo, UT:
Brigham Young University. 425 p. Dissertation.

Tausch, R.J.; Svejcar, T.; Burkhardt, J. W. 1994. Patterns of annual
grass dominance on Anaho Island: implications for Great Basin
vegetation management. In: Monsen, S. B.; Kitchen, S. G., com-
pilers. Proceedings—ecology and management of annual range-
lands; 1992 May 18-21; Boise, ID. Gen. Tech. Rep. INT-313.
Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Research Station: 120-125.

U. S. Department of Agriculture, Forest Service. 1993. Rangeland
ecosystem analysis and management handbook. FSH 2209-21.
Ogden, UT: U.S. Department of Agriculture, Forest Service,
Intermountain Region. 4 ch.

Young, J. A.; Tipton, F. 1990. Invasion of cheatgrass into arid
environments of the Lahontan Basin. In: McArthur, E. D.; Rom-
ney, E. M.; Smith, S. D.; Tueller, P. T., compilers. Proceedings—
symposium on cheatgrass invasion, shrub die-off, and other
aspects of shrub biology and management; 1989 April 5-7;, Las
Vegas, NV. Gen. Tech. Rep. INT-276. Ogden, UT: U. S. Depart-
ment of Agriculture, Forest Service, Intermountain Research
Station: 37-40.

71



A Comparison of Understory Species at
Three Densities in a Pinyon-Juniper

Woodland

Darren Naillon
Kelly Memmott

Stephen B. Monsen

Abstract—The relationship between pinyon-juniper density and
associated understory were examined at three sites at Pigeon
Hollow north of Ephraim, UT. Historically the study site was
grazed from the turn of the century to the 1980’s when Utah
Division of Wildlife Resources acquired the land. The area has
since been used as critical winter range for wildlife with little
livestock grazing, except for some trespass. All sites were north
facing with 4 percent slope. Tree canopy cover was compared across
three tree densities. Frequency and percent cover were reported
across a gradient of pinyon-juniper densities. As pinyon-juniper
tree density increases, associated understory and interspace herba-
ceous percent cover and diversity decreases. Decrease of perennial
grasses amid tree interspaces was as significant as beneath tree
canopy.

The pinyon-juniper forest complex is an important com-
ponent of the vegetation of the Intermountain West. This
forest complex is mainly comprised of two leaf pinyon pine
(Pinus edulis [Engelm.]), Utah juniper (Juniperus osteo-
sperma [Torr.]), one seed juniper (Juniperus monosperma
[Engelm.]), and Rocky Mountain juniper (Juniperus scopu-
lorum [Sarg.]). This community complex provides the
majority wintering range for big game and associated ani-
mals in Utah (Stevens and Walker 1996). The pinyon-
juniper woodlands comprise nearly 25 million ha (62 million
acres) throughout the western United States (West 1986).
Since settlement of the Great Basin, pinyon-juniper has
expanded its range from steeper mountain slopes to alluvial
fans and steppes. Increase of pinyon-juniperis primarily due
to suppression of fires and overgrazing by livestock during
the last 100 to 150 years. Cottam (1961) reported western
Utah’s pinyon-juniper woodlands were among the most
heavily impacted by domestic livestock during the period
following settlement in the 1800’s. The increased acreage of
pinyon-juniper has led to problems in watershed manage-
ment, loss of big game habitat, and reduced plant diversity.
As the trees obtain dominance the remaining understory is
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severely reduced (Dye and others 1995). Pinyon-juniper
trees influence other plants in several ways: shading, litter
accumulation under the tree canopy, interception and reten-
tion of rainfall by the branches and by the root system in the
interspaces, and the development of an extensive, shallow,
competitive root system (Schott and Pieper 1985). Junipers
have alarge lateral root system that extends well beyond the
crown (Jameson 1967). The influence of individual trees on
soil chemical properties has been demonstrated by many
studies (Follet 1969; Garcia-Moya and Mckell 1970;
Tiedemann and Klemmedson 1973; Zinke 1962).

Arnold and others (1964) found conclusive reductions in
the basal cover of grasses and forbs with the increase of
canopy cover. Previous studies reveal a vast difference in
herbaceous composition directly below the tree canopy and
within the interspaces among trees (Armentrout and Pieper
1988; Schott and Pieper 1985). The objective of this study
was to determine if tree density and tree canopy cover
influenced the composition and presence of understory spe-
cies. The question then arises, if tree density is decreased
through management will the understory become more
diverse and percent ground cover increase? Also, at what
tree density can one expect to meet management objectives
for forage availability? Understanding this relationship
with tree density and understory herbaceous composition
will aid in management of pinyon-juniper woodlands.

Study Site

The Pigeon Hollow study area is located in Sanpete
County, Utah, approximately 8 km (5 miles) north of
Ephraim (S 12, T 16, R 3). The elevation of the area ranges
from 1,700 m (5,575 ft) to 1,900 m (6,235 ft). The average
yearly precipitation is 321 mm, (12.6 inches) falling mostly
during October and December. The average temperature
ranges from 7.2 t0 8.8 °C (45 t0 47 °F). Soils at Pigeon Hollow
are excessively drained, gently sloping to very steep grav-
elly sandy loams that are 25.4 to 50.8 cm (10 to 20 inches)
deep over limestone. Soils formed in colluvium, local allu-
vium, and residuum are derived from limestone on hillsides
and ridges. They are of the Amtoft Series, most commonly
associated with Sanpete and Sigurd soils (USDA, SCS,
USDI, and BLM 1981). The Pigeon hollow area is owned by
the Utah Division of Wildlife Resources and is managed as
a wintering ground for wildlife. Habitat is provided for
mule deer (Odocoileus hemionus [Rafinesque]) and Rocky
Mountain elk (Cervus elaphus nelsoni [Bailey]), allowing
both shelter and forage during the winter. All study sites
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are located on north aspects with slopes of 4 to 5 percent.
This area has not been grazed by livestock for 15 years
except for periodic grazing by sheep.

The prevalent grass species are: bluebunch wheatgrass
(Pseudoroegneria spicata [Pursh]), Sandberg bluegrass
(Poa secunda [Presl.]), cheatgrass (Bromus tectorum), Indian
ricegrass (Achnatherum hymenoides [Roem & Schult)]),
Needle-and-thread grass (Hespro stipa [Trin. Rupr.] Barkw.),
and bottlebrush squirreltail (Elymus elymoides [Raf.]
Swezey). The shrub component includes: big sagebrush
(Artemisia tridentata [Nutt.]), narrowleaf low rabbitbrush
(Chrysothamnus viscidiflorus [Hook]), winterfat (Ceratoides
lanata [Pursh]), shadscale (Atriplex confertifolia [Torr. &
Frem.]), and broom snakeweed (Gutierrezia sarothrae
[Pursh]). Major forbs are: Hoods phlox (Phlox hoodii
[Richards]), burr buttercup (Ranunculus testiculatus
[Crantz]), aster species, and various annual mustards.
Utah juniper, Two leaf, and pinyon pine are the main tree
components.

Methods

Three north facing slopes were chosen for sampling.
Pinyon-juniper tree density decreased from east to west on
each slope relating to the advancing front of a pinyon-
juniper population. To sample different tree densities, each
slope was divided into three tree density categories: high,
moderate, and low. The assigned title to the categories does
not necessarily represent exact or fixed densities but are
high, moderate, and low, relative to one another. A 40 m?site
was sampled within each tree density category on each
slope. All pinyon and juniper trees were counted in each 40
m? site to establish tree density. In addition, five stratified
random points were selected in each plot for sampling
herbaceous plant composition and tree canopy cover. A
modified quarter method was used at each of these five
points. In each cardinal quarter the distance to the nearest
tree was measured and the species of tree identified. The
quarter method and tree number counts were used at each
site to calculate and verify tree density. Trees were classed
into seedling, juvenile, adult, or decadent. Two 0.25 m?2
nested frequency frames were placed along the line connect-
ing the sampling point and the nearest tree. One quadrat
frame was placed under the tree canopy and another was
placed in the tree interspace. The understory sample frame
was placed midway between the trunk and canopy edge of
each tree sampled. The interspace quadrat frame was placed
within the nearest interspace along a line connecting the
sampling point and the nearest tree trunk. To qualify as an
interspace there could be no tree canopy cover within 2 m of
the quadrat frame. Nested frequency data and eight cover
points were recorded for each sample. Data were collected
from 20 frames under the tree canopy and 25 frames in the
interspace at each site. Summed frequency values were used
to compare understory and interspace species. Smith and
others (1987) have shown summed frequency values to be
useful in comparing vegetation differences. A soil penetrom-
eter was used at each sampling point to determine soil
depth. Data were subject to analysis of variance using the
General Linear Model (Ott 1984). Significant differences at
p < 0.05 among means were determined using Student-
Newman-Kuels multiple range test on all main effect means.

USDA Forest Service Proceedings RMRS-P-9. 1999

Results And Discussion

Previous studies have demonstrated that as tree density
increases understory decreases (Arnold and others 1964;
Barney and Frishnecht 1974). In this study three categories
of tree density were sampled to determine understory and
interspace herbaceous composition at varying pinyon-
juniper densities. The high and moderate tree densities
contained 885 trees per ha (357 trees per acre) and 714 trees
per ha (289 trees per acre). The low tree density contained
394 trees per ha (159 trees per acre). The low tree density
was significantly different from the moderate and high tree
densities but moderate and high tree densities did not vary
significantly from each other. A wider range of densities
would have been helpful to separate moderate and high
values. For this report high tree density will be compared to
low tree density to examine the relationship between the
undercanopy and interspace herbaceous composition.

Four species consistently appeared in the sampling. The
species included bluebunch wheatgrass, Sandberg blue-
grass, cheatgrass and bur buttercup. These species are
associated with pinyon juniper communities and serve as
indicators of community health. Everett and Koniak (1981)
found Sandberg bluegrass to be the most consistent peren-
nial grass component in the understory of pinyon-juniper
community, and cheatgrass was a common annual grass
component. Figures 1, 2, and 3 report significant differences
among understory and interspace frequency values for these
species.

Fewer species were encountered in the interspaces than
in the understory. A total of 18 species were encountered
in the understory while only 12 species appeared in the

Sum frequency (240 possible)

Pssp Pose Rate Brte
Species

Understory [ Interspace
* Significant difference at p < 0.05

Figure 1—Sum frequency at high tree density for bluebunch
wheatgrass (Pssp), Sandberg bluegrass (Pose), bur butter-
cup (Rate), and cheatgrass (Brte).
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Figure 2—Sum frequency at moderate tree density for
bluebunch wheatgrass (Pssp), Sandberg bluegrass (Pose),
bur buttercup (Rate), and cheatgrass (Brte).

interspace. Fewer annual species were recorded in the
interspace than in the understory.

At all tree densities, cheatgrass sum frequency values
were significantly greater in the understory compared to the
interspaces. At low tree density cheatgrass did not appear in
the interspace but was limited entirely to the juniper under-
story. These findings are similar to reports of Everett and
Koniaks (1981). Where cheatgrass is present it is closely
associated with juniper canopy understory.

Sandberg bluegrass had significantly higher sum fre-
quency values in the understory of the low tree density than
in the interspace (fig. 3). At the high tree density there was
no difference between understory frequency and interspace
frequency. The interspace was small enough and influenced
by the tree density that herbaceous composition did not
vary under the canopy or in the interspace. Sum frequency
values were less for higher tree density indicating that as
tree density increases Sandberg bluegrass decreases. There
was less bur buttercup in the understory and interspace of
the low tree density than the high tree density although not
significantly less.

Mean height of each juniper in the highest tree density
area was 2.5 m. In the lowest tree density areas mean height
was 3.01 m. Trees in the lowest tree density were 17 percent
taller than those in the highest tree density areas. A de-
crease in average tree height may indicate competition for
available resources among trees in the high density. Corre-
lating with a decrease of tree height with increased tree
density was a decrease in mean canopy cover by each
individual tree as density increased. The mean canopy
cover for the high density was 3.6 m? as compared to 6.4 m?2
for the low density. Canopy cover was 47 percent less per
individual tree in the high tree density compared to the low
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Figure 3—Sum frequency at low tree density for bluebunch
wheatgrass (Pssp), Sandberg bluegrass (Pose), bur butter-
cup (Rate), and cheatgrass (Brte).

tree density. The tree density significantly effected the tree
size. The greater the tree density the smaller canopy cover
of each tree.

The data support the relationship of pinyon-juniper den-
sity to understory. In this sampling, as tree density in-
creased understory and interspace herbaceous composition
became less desirable and canopy cover declined. Consider-
ing this relationship very dense stands of pinyon-juniper
woodlands are likely candidates for tree removal if man-
agement objectives warrant such an action. Low density
pinyon-juniper woodlands can be more diverse and produc-
tive than very dense forest.
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Effects of Succession on Species Richness
of the Western Juniper Woodland/
Sagebrush Steppe Mosaic

Stephen C. Bunting

James L. Kingery
Eva Strand

Abstract—The development of mature juniper woodlands has
often been associated with decreases in the herbaceous and shrub
components of the community. This study focused on changes in
species richness and diversity along a successional gradient at both
the community and watershed scale in the Owyhee Mountains in
southwestern Idaho. Community species richness was relatively
constant across the sere. Community species diversity changed as
species became less equitably distributed when juniper dominated
the site in the later stages of succession. Landscape-scale species
richness is predicted to be greatest when all successional stages are
represented in the watershed.

Western juniper (Juniperus occidentalis subsp. occiden-
talis) dominates approximately 17 million ha in the north-
western portion of the Great Basin and southern Columbia
Basin (West 1988). During the Pre-Euro-American period
western juniper is thought to have primarily occurred as
dense stands on the more dissected topography or to have
occurred as open savanna-like woodlands on canyon slopes
and more regular topography (Burkhardt and Tisdale 1969,
1976, Miller and Rose 1994, Miller and Wigand 1994).
Western juniper has primarily encroached into many adja-
cent vegetation types but the expansion of dominance has
been most dramatic on the deeper soils (Young and Evans
1981, Eddleman 1987, Miller ‘and Rose 1994, Miller and
Wigand 1994, Miller and others 1995). These types include
those dominated by mountain big sagebrush (Artemisia
tridentata subsp. vaseyana) steppe, aspen woodlands and
Idaho fescue (Festuca idahoensis)/ bluebunch wheatgrass
(Agropyron spicatum) grassland. Encroachment has also
occurred into low sagebrush (Artemisia arbuscula) domi-
nated vegetation but the rate has been much lower due to the
less productive site conditions.

The causes of encroachment have been attributed to
effects of overgrazing on plant competition by domestic
livestock, climatic change and reduction wildfire occurrence
by active suppression and livestock grazing (Blackburn and
Tueller 1970, Burkhardt and Tisdale 1976, Young and
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Evans 1981, Gruell 1986, Miller and Wigand 1994). Re-
search has shown that change in plant competition is prob-
ably not a factor in western juniper encroachment since
plant composition did not affect the rate of establishment
(Burkhardt and Tisdale 1976, Eddleman 1987, Miller and
Rose 1994). However, heavy utilization of rangelands by
livestock in the 19th and early 20th centuries would have
facilitated juniper establishment through secondary effects.
The resulting low fine fuel loads due to high forage utiliza-
tion would have decreased fire occurrence (Miller and others
1995) and increased sagebrush seedling establishment
(Ellison 1960, Tisdale 1969). Increased sagebrush density
provides greater availability of safesites for juniper since
the majority of seedlings are found under sagebrush or other
shrub canopies (Burkhardt and Tisdale 1976, Eddleman
1987, Miller and Rose 1994, Miller and others 1995).

Fire history studies in westernjuniper haveindicated that
pristine fire-free intervals (FFI) varied from 25-30 years
(Burkhardt and Tisdale 1969, 1976) but may have been
shorter than 25 years in associated mountain big sagebrush
steppe (Bunting and others 1987, Miller and others 1995).
Young and Evans (1981) estimated, based on the growth
rate of young western juniper seedlings, that a fire every
50 years would control the encroachment process in north-
ern California. The encroachment of juniper usually reduces
the herbaceous production on the site (Tausch and Tueller
1990) and thereby greatly reduces fire potential (Bunting
and others 1987, Everett 1987). In dense stands of mature
Jjuniper fires may burn only under the most severe weather
conditions.

The effects of encroachment are well documented for
many juniper woodlands and are remarkably similar across
the different juniper species and vegetation types. In gen-
eral, there is a reduction in the herbaceous and shrub
biomass production (Everett and Koniak 1981, Tress and
Klopatek 1987, Wilson and Schmidt 1990, Vaitkus and
Eddleman 1991). Other ecological changes which have been
attributed to juniper encroachment include: increased soil
erosion (Carrara and Carroll 1979), increased water use
(Miller and Schultz 1987, Angel and Miller 1994, Miller and
Wigand 1994), altered nutrient cycles (Klopatek 1987,
Doescher and others 1987, Tiedemann and Klemmedson
1995), reduced seed reserves (Koniak and Everett 1982) and
reduced fire potential (Bunting and others 1987, Everett
1987).

Often associated with this reduction of herbaceous and
shrub species is a reduction in plant and animal species
diversity (Blackburn and Tueller 1970, West and others
1979, Balda and Masters 1980, Koniak and Everett 1982,
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Severson 1986, Miller and others 1995). The effects of
encroachment of western juniper woodlands into adjacent
sagebrush steppe results in a decrease of herbaceous and
shrub biomass production (Vaitkus and Eddleman 1991,
Miller and Wigand 1994, Miller and others 1995). A reduc-
tion of plant species richness and species diversity has been
documented for western juniper and other Great Basin
woodlands (Blackburn and Tueller 1970, West and others
1979, Koniak and Everett 1982, Miller and others 1994).
Studies indicate that breeding bird density and species
richness increases as western juniper stands become more
mature and structurally diverse (Maser and Gashwiler
1978, Sedgwick and Ryder 1987). Sedgwick and Ryder
(1987) found that while bird densities decreased with juni-
per control, small mammals increased in response to greater
herbaceous production. It seems most probable that in the
process of conversion between juniper woodland and sage-
brush steppe, some species will be affected positively and
others negatively (Belsky 1996). The primary focus of this
study is the landscape-scale influence of encroachment on
vascular plant species diversity and richness.

Methods

Two watersheds, Red Canyon Creek and Smith Creek,
were selected for analysis (fig. 1). They are tributaries of the
South Fork of the Owyhee River in southwestern Idaho and
contain a variety of successional stages. The areas of Red
Canyon Creek and Smith Creek watersheds are 63.7 and
140.2 km?, respectively. Elevation varies from 1,500 to
2,000 m. Domestic livestock have grazed the watersheds for
over 100 years and currently cattle grazing occurs under a
rest-rotation system. Less than 10 percent of each water-
shed has been treated with prescribed fire during the past
20 years.

Forty macroplots of approximately 0.25 ha within the
western juniper-mountain big sagebrush mosaic were se-
lected for sampling. These occurred over the successional
gradient from herbaceous dominated (recently burned) to
those dominated by stands of old juniper (greater than 500
years in age). Sampling was limited to sites which currently
or potentially may support sagebrush steppe vegetation in
the successional sequence. This restriction was based on soil
type and the presence of sagebrush plants or dead material.
Macroplot vegetation was classified into one of 9 structural
stages based on composition and structure which were
developed by the Interior Columbia Basin Ecosystem
Management Project (ICBEMP) (Quigley and others 1996)
(table 1). Macroplots were sampled for composition based on
canopy coverage. The line intercept method was used to
estimate shrub and tree coverage (Canfield 1941, Hanley
1978). A modification of Daubenmire’s (1959) cover class
method was used to estimate coverage of the herbaceous
species. A total macroplot inventory was done to determine
the total number of species present on the site at the time of
sampling. Species not included in the microplot or line
intercept data were ranked from 0 to 5 based on foliar
coverage and distribution. Sampling occurred near peak
biomass production for the sites (late June-early July).
Species richness was determined from a single inventory
and was based on those species which occurred in the
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Figure 1—Potential vegetation of Red Canyon Creek
(lower) and Smith Creek (upper) watersheds which are
tributaries of the South Fork of the Owyhee River in
southwestern Idaho. Without disturbance, most of the
upper portions of the watersheds will become dominated
by western juniper vegetation. (Source: ICBEMP data)

microplots and on the total macroplot search. The Shannon-
Weiner (Magurran 1988) and Simpson’s diversity indices
(Simpson 1949, Magurran 1988) were used to quantify
differences in species diversity.

Results

Consistent with previous research (Vaitkus and Eddleman
1991, Miller and Wigand 1994, Miller and others 1995)
development of western juniper woodland vegetation re-
sulted in the reduction of shrub and herbaceous plant
coverage (fig. 2). A reduction of plant species richness has
been documented for sites dominated by western juniper
and for other Great Basin juniper woodlands (Blackburn
and Tueller 1970, West and others 1979, Koniak and Everett
1982, Miller and others 1995), however, this did not occur in
the watersheds studied in the Owyhee Mountains in Idaho.
While there is a major change in plant community species
composition with increased juniper dominance, species rich-
ness on a macroplot basis did not change across the succes-
sional gradient (fig. 3). This was true for species richness
based on species sampled with microplots and for species
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Table 1—Description of structural stages used to classify vegetation within the mountain big sagebrush steppe-

western juniper woodland mosaic of the Owyhee Mountains, Idaho. Structural stages used are
modifications of those developed by ICBEMP.

Structural stage Description
Herbland Herbaceous cover <67 percent, shrub cover <5 percent
Open shrubland Low and medium shrub cover <10 percent, tree cover <5 percent
Moderate cover shrubland Low and medium shrub cover 10-67 percent, tree cover <5 percent
Stand initiation woodland Tree cover (all size classes) <5 percent, seedling-sapling cover >5 percent
Stem exclusion woodland Large tree cover < 5 percent, small and medium tree cover >5 percent,

seedling-sapling cover <5 percent
Understory re-initiation woodland Large tree cover <5 percent, seedling-sapling cover >5 percent

Young multi-story woodland Large tree cover 0-5 percent, small and medium tree cover 5-14 percent,
seedling-sapling cover 5-14 percent

Old multi-story woodland Large tree cover 5-14 percent, other size classes 5-14 percent

Old single strata woodland Large tree cover >5 percent, other size classes <5 percent

60
50 )
B Juniper cover
B Shrub cover
40 Herbaceous cover
L)
X
S’
S
g 30
>
[
O
20
10
o 4
Herbland Open Moderate Stand Stem Understory  Young Old multi-  Old single
shrubland cover initiation ~ exclusion  re-initiation  multi-story story strata

shrubland woodland woodland woodland woodland woodland  woodland

Shrub steppe and woodland structural stage

Figure 2—Data indicates that a reduction in the coverage of shrub and herbaceous species is associated with
the development of western juniper woodlands. This is consistent with results from other juniper woodland
studies from throughout the Great Basin and Southwest.
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Figure 3—Species richness did not change as a result of the development of juniper woodland
development. Species richness 1 is based on those species encountered when sampling the stand.
Species richness 2 is based on those species resulting from a one-time macroplot inventory.

richness based on a complete macroplot inventory. Average
species richness varied between 27-34 species for structural
stages sampled across the successional gradient. The lowest
average species richness occurred when young juniper be-
gan to dominate the site. At this stage many species found
within sagebrush steppe were absent but those species
associated with mature juniper woodlands had not become
established.

Results indicated that many perennial herbaceous spe-
cies are associated primarily with the early to mid seral
communities and not found in the late seral communities
(table 2). However, fewer instances of the reverse were
evident. While late seral community species richness was as
high as that of early and mid seral communities, the compo-
sition was comprised primarily of species that were also
associated with other successional stages. In addition, due to
the low perennial herbaceous plant cover, mature juniper
communities contained high numbers of annual plants in
the juniper interspaces. These included: cheatgrass (Bro-
mus tectorum), Douglas knotweed (Polygonum douglasii),
blue-eyed Mary (Collinsia parviflora), narrow-leafed collomia
(Collomia linearis), Fremont’s goosefoot (Chenopodium
fremontii) and cryptantha (Cryptantha spp.). These annual
species were also common in the early successional post-
burn communities.
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Old single
strata

Table 2—Forb species associated with early to mid and late seral
conditions within the mountain big sagebrush steppe-
western juniper woodland mosaic in the Owyhee Moun-

tains, Idaho.

Species associated primarily
with grassland and sagebrush

steppe communities:

Species associated primarily

with old mature juniper
woodland communities

Astragalus lentiginosus
Calochortus nuttallii
Castilleja applegatei
Castilleja viscidula
Eriogonum caespitosum
Eriogonum heracleoides
Eriogonum ovalifolium
Eriogonum sphaerocephalum
Eriogonun umbellatum
Geranium viscosissimum
Geum triflorum

Fritillaria pudica

Linum perenne var. lewisii
Linum micranthum
Mertensia longiflora
Paeonia brownii
Penstemon perpulcher
Penstemon procerus

Agastache urticifolia
Aster chilensis
Habenaria unalascensis
Hackelia cusickii
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Structural stages were grouped into 4 physiognomic types,
grassland, sagebrush steppe, young juniper woodland and
mature juniper woodland. Total species richness, those
species found in at least 1 macroplot, for all physiognomic
types was also similar across the successional gradient.
Combined species richness for grassland, sagebrush steppe,
young juniper woodland and mature juniper woodland
macroplots was 65, 65, 60 and 70 species, respectively. These
data indicate that highest landscape species richness (133
species) of the watersheds would occur when all structural
stages were present on the landscape.

Since species richness did not change across the succes-
sional gradient, the changes in species diversity resulted
primarily from differences in relative species abundance
within the community. As mature juniper woodland devel-
ops, greater amounts of the community’s total plant cover-
age and biomass is concentrated into fewer species. The
number of species represented by only a few individuals in
the macroplot tended to increase and species abundance
becomes less equitable. This resulted in an increase in
Simpson’s Index and a decrease in the Shannon-Weiner
Index as mature juniper woodland developed (fig. 4).

2.5

Conclusions

Although major changes in species composition and total
plant coverage occurred, community species richness re-
mained relatively constant across the successional gradient
within the western juniper woodland-mountain big sage-
brush steppe mosaic in southwestern Idaho. Changes in
species diversity resulted as species became less equitably
distributed within the communities as succession occurred.
Maximum landscape species richness and species diversity
occurs when all structural stages are represented within the
watershed emphasizing the need to include disturbance
such a fire as a process in landscape dynamics.
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Pinyon-Juniper Woodland Classification
and Description in Research Natural Areas
of Southeastern Idaho

Steven K. Rust

Abstract—Pinyon-juniper and juniper woodland vegetation oc-
curs at the northern extent of its range in Idaho. In a nationwide
study Idaho-endemic woodland communities are recognized as
both the most rare and most poorly understood. To assist with their
identification and description, and assessment of their conserva-
tion status, pinyon- and juniper-dominated woodland communities
were sampled in Bureau of Land Management and National Forest
System ecological reference areas. Pinyon-juniper vegetation ob-
served at 12 Research Natural Areas and associated sites within
southeastern Idaho is classified on the basis of perceived natural
potential. Four series are recognized: singleleaf pinyon (Pinus mono-
phylla), Rocky Mountain juniper (Juniperus scopulorum), Utah juni-
per (Juniperus osteosperma), and curlleaf mountain-mahogany
(Cercocarpus ledifolius) on the basis of potential for dominance and
relative tolerance of environmental stress. Twenty-three plant
associations are identified. Community composition, distribution,
and environmental relations are summarized. This information on
stand composition and structure provides a baseline for conserva-
tion planning and ecosystem management.

Pinyon-juniper and juniper woodland vegetation occurs
at the northern extent of its range in Idaho (Cronquist and
others 1972). Principle descriptive work on plant communities
dominated by Utah juniper (Juniperus osteosperma), Rocky
Mountain juniper (Juniperus scopulorum), and singleleaf
pinyon (Pinus monophylla) has occurred in the southern
Rocky Mountains and Great Basin (for example, Blackburn
and others 1969, Baker 1984, and others). (To ease discus-
sion, all vegetation in which singleleaf pinyon, Utah juniper,
and/or Rocky Mountain juniper are constituent species
will be referred to in this paper as ‘pinyon-juniper wood-
land.’) Assessment of the conservation status, and develop-
ment of effective habitat conservation strategies for pin-
yon-juniper woodland communities in Idaho is constrained
by a lack of basic ecological descriptive work. For example,
in a nationwiet study (Grossman and others 1994), seven
pinyon-juniper woodland communities are recognized as
occurring exclusively in Idaho; all are ranked most rare.
These Idaho-endemic pinyon-juniper woodland communi-
ties are also all considered most poorly understood.

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.

Steven K. Rust is Ecologist, Conservation Data Center, Idaho Department
of Fish and Game, 600 South Walnut, P.O. Box 25, Boise, ID 83707.
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Research Natural Areas are established to provide a
baseline reference against which the effects of intensive
management may be assessed and evaluated. As well, an
important objective of plant community conservation is to
provide a coarse-filter by which the populations and habitats
of multiple common and rare species may be captured. To
effectively attain these goals and objectives information is
needed on plant community composition, structure, and
function.

The objectives of this project are: (1) to assist with the
identification and description of reference stand conditions
in pinyon-juniper woodland communities on Bureau of
Land Management and National Forest System lands in
the Snake River Basalts, Northwest Basin and Range, and
Overthrust Mountains ecological regions of Idaho (McNab
and Avers 1994) and (2) to assist in the determination of
their conservation status. The purpose of this paper is to
present an initial classification of the pinyon-juniper veg-
etation observed in Research Natural Areas and other
selected sites in southeastern Idaho and to summarize
composition, distribution, and environmental relations.

Methods

Pinyon-juniper woodlands were sampled at proposed and
designated natural areas and other selected sites within the
southern portion of the range of pinyon-juniper woodland
vegetation in Idaho. To the extent possible, stands present
within each sampling site were delineated based on stand
environmental features (topography and elevation) and
apparent structure and composition (using aerial photog-
raphy interpretation). Field sampling efforts were stratified
within these reference stands. Ecology plots were selected to
capture the range of conditions in stand structure and
composition. Plots were placed within vegetation patches
that are homogeneous in structure and composition.

Basic environmental parameters (slope aspect, gradient
and horizon; elevation; micro and macro topography; for
example), plant cover, and the density and size distribution
of live and standing dead trees were determined on a stan-
dard (fixed) one-tenth acre circular ecology plot (Bourgeron
and others 1991; USDA Forest Service 1992). Plant cover
data were taken by ocular estimate for all vascular plant
species. Ocular estimates of the cover of tree species were
differentiated by strata (height/diameter class). Tree
canopy height was determined for each height/diameter
class. Live and standing dead tree stems present within the
fixed area plot were tallied by species and size class (using
the diameter at root crown). Soils and geology were docu-
mented from maps and, where necessary, verified and quali-
tatively described in the field.
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Multivariate classification and ordination analytical
techniques were employed in the description of plant com-
munities and assessment of environmental factors.
TWINSPAN (Hill 1979b) and DECORANA (Hill 1979a)
were used interactively to derive an initial classification of
the plot data through progressive decomposition of the
data to smaller, more similar groups. This classification was
refined and environmental correlations were developed
through the use of CANOCO (ter Braak 1991), again using
an approach of progressive decomposition. Data analysis
was aided through the use of ECOAID (Smith 1993), a data
manipulation and summary package.

Results and Plant Community
Characterization

Pinyon-juniper woodland sites visited during the 1995
and 1996 field seasons are listed in table 1. All formally
designated natural areas on Snake River Resource Area
and National Forest System lands known to encompass
stands of pinyon-juniper woodland were visited. Previously
unrecognized pinyon-juniper woodlands were visited at
Burton Canyon RNA. Sampling also occurred at four sites
which occur throughout the range of singleleaf pinyon in
Idaho, including City of Rocks RNA, Jim Sage Canyon RNA,
Pine Knob, and Slide Canyon. Information regarding the
biological and physical characteristics and protection and
stewardship status of these sites is available from Idaho
Conservation Data Center upon request.

Pinyon-juniper vegetation observed in this study is classi-
fied on the basis of perceived natural potential. Four series
are recognized: singleleaf pinyon, Rocky Mountain juniper,
Utah juniper, and curlleaf mountain-mahogany on the basis
of potential for dominance and relative tolerance of envi-
ronmental stress. The 23 plant associations identified
within these series are listed in table 2.

The singleleaf pinyon, Rocky Mountain juniper, Utah
juniper and curlleaf mountain-mahogany series occur on an
apparent environmental gradient of moisture availability
and temperature. These environmental gradients are re-
flected in differences in elevation, substrate characteristics
and parent materials, and slope aspect and exposure.

In the vegetation descriptions that follow, Federal Geo-
graphic Data Committee (1996) national vegetation classifi-
cation terminology is used to the extent possible. The Fed-
eral Geographic Data Committee (1996), however, is not
repeatedly cited. Tree stem size classes referred to in the
discussion are defined as follows: seedling, trees <4.5 ft tall;
sapling, trees <4.9 inch diameter at root crown height (and
>4.5 ft tall); pole, 5.0-8.9; medium-sized tree, 9.0-20.9; large-
sized tree, 21.0-32.9; and very large-sized tree, 233.0 inch
diameter at root crown height. Plant species abundance
classes referred to in the text are defined as follows: present,
>0 percent cover; common, =1 percent cover; well repre-
sented, 25 percent cover; and abundant, >25 percent cover.

Curlleaf Mountain-mahogany
Series

Curlleaf mountain-mahogany occurs over a wide range
of environmental conditions within the study area. Curlleaf
mountain-mahogany-dominated vegetation was sampled
only in stands adjacent to singleleaf pinyon-, Rocky Moun-
tain juniper-, or Utah juniper-dominated stands. Thus
the range of variation in curlleaf mountain-mahogany-
dominated vegetation discussed here is limited. Curlleaf
mountain-mahogany is apparently seral to singleleaf pin-
yon and Rocky Mountain juniper. The successional and
environmental relationships of curlleaf mountain-mahogany
and Utah juniper are less clear. Utah juniper was not
observed reproducing successfully in the understory of
curlleaf mountain-mahogany as were singleleaf pinyon and
Rocky Mountain juniper.

Data for a limited number of stands which represent late-
seral curlleaf mountain-mahogany woodland were collected
at Burton Canyon. These samples are classified as curlleaf
mountain-mahogany/mountain snowberry/bluebunch wheat-
grass (Cercocarpus ledifolius/Symphoricarpos oreophilus/
Agropyron spicatum). This plant association is composition-
ally and environmentally similar to plant associations de-
scribed here as singleleaf pinyon-curlleaf mountain-
mahogany/bush oceanspray/basin wildrye (Pinus monophylla-
Cercocarpusledifolius | Holodiscusdumosus/ Elymuscinereus),
Rocky Mountain juniper-curlleaf mountain-mahogany/
mountain snowberry/bluebunch wheatgrass (Juniperus

Table 1—Research Natural Areas and associated sites representing pinyon-juniper

vegetation in southeast ldaho.

Site Quadrangle Township Range Sec.
Big Juniper Kipuka Rattlesnake Butte 6S 27E 36
Burton Canyon Grace 9S8 41E 33
City of Rocks Almo 158 24E 19
Gibson Jack Pocatello South 7S 34E 23
Goose Creek Mesa Ibex Peak 16S 21E 20
Jim Sage Canyon Jim Sage Canyon 158 25E 15
Eiba 158 25E 15
Pine Knob View 12S 24E 3
Sand Kipuka Lake Walcott East 8S 27E 10
Slide Canyon Cache Peak 148 23E 1
Trapper Creek Severe Spring 15S 21E 6
Two Mile Canyon Malad City East 148 36E 25
W Fork Mink Creek Clifton Creek 8S 34E 2
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Table 2—Cilassification of pinyon-juniper woodland communities in Research Natural Areas of southeastern Idaho. Plant associations are listed
by series with the abbreviated name, scientific name, and common name.

Abbreviation

Scientific Name

Common Name

CELE/SYOR/BASA/AGSP

JUOS-CELE/SYOR/AGSP

JUOS/SYOR/AGSP

JUOS/ARTRW/STCO

JUOS/ARTRV/FEID

JUOS/ARTRV/AGSP

JUOS/ARTRV/ORHY

JUOS/ARAR/FEID

JUOS/ARAR/AGSP

JUOS/ARNO/AGSP

JUOS/ARNO/POSE

JUSC-CELE/SYOR/AGSP

JUSC/ARTRV-SYOR/ELCI

JUSC/ARTRW-CHMI

JUSC/ARTRW

JUSC/HODU
JUSC/HANA

PIMO-CELE/HODU/ELCI

PIMO-CELE/SYOR-BERE/AGSP

PIMO-CELE/POSE

PIMO-JUOS/ ARTRV/AGSP

PIMO-JUOS/AGSP

PIMO-JUOS/ARNO/POSE

Curlleaf Mountain-mahogany Series

Cercocarpus ledifolius/Balsamorhiza sagittata/
Agropyron spicatum

Utah Juniper Series

Juniperus osteosperma-Cercocarpus ledifolius/
Symphoricarpos oreophilus/Agropyron spicatum

Juniperus osteosperma/Symphoricarpos
oreophilus/Agropyron spicatum

Juniperus osteosperma/Artemisia tridentata
wyomingensis/Stipa comata

Juniperus osteosperma/Artemisia tridentata
vaseyana/Festuca idahoensis

Juniperus osteosperma/Artemisia tridentata
vaseyana/Agropyron spicatum

Juniperus osteosperma/Artemisia tridentata
vaseyana/Oryzopsis hymenoides

Juniperus osteosperma/Artemisia arbuscula
arbuscula/Festuca idahoensis

Juniperus osteosperma/Artemisia arbuscula
arbuscula/Agropyron spicatum

Juniperus osteosperma/Artemisia arbuscula
nova/Agropyron spicatum

Juniperus osteosperma/Artemisia arbuscula
nova/Poa secunda

Rocky Mountain Juniper Series

Juniperus scopulorum-Cercocarpus ledifolius/
Symphoricarpos oreophilus/Agropyron spicatum

Juniperus scopulorum/Artemisia tridentata vaseyana-
Symphoricarpos oreophilus/Agropyron spicatum

Juniperus scopulorum/Artemisia tridentata
wyomingensis-Chamaebatiaria millifolium

Juniperus scopulorum/Artemisia tridentata
wyomingensis

Juniperus scopulorum/Holodiscus dumosus
Juniperus scopulorum/Haplopappus nanus
Singleleaf Pinyon Series

Pinus monophylla-Cercocarpus ledifolius/
Holodiscus dumosus/Elymus cinereus

Pinus monophylla-Cercocarpus ledifolius/
Symphoricarpos oreophilus-Berberis repens/
Agropyron spicatum

Pinus monophylla-Cercocarpus ledifolius/Poa secunda

Pinus monophylla-Juniperus ostecsperma/Artemisia
tridentata vaseyana/Agropyron spicatum

Pinus monophylla-Juniperus osteosperma/
Agropyron spicatum

Pinus monophyilla-Juniperus osteosperma/Artemisia
arbuscula nova/Poa secunda

curlleaf mountain-mahogany/arrowleaf
balsamroot/bluebunch wheatgrass

Utah juniper-curileaf mountain-mahogany
mountain snowberry/bluebunch wheatgrass

Utah juniper/mountain snowberry/bluebunch
wheatgrass

Utah juniper/Wyoming big sagebrush/needle-
and-thread

Utah juniper/mountain big sagebrush/Idaho
fescue

Utah juniper/mountain big sagebrush/
bluebunch wheatgrass

Utah juniper/mountain big sagebrush/indian
ricegrass

Utah juniper/low sagebrush Idaho fescue

Utah juniper/low sagebrush bluebunch
wheatgrass

Utah juniper/black sagebrush bluebunch
wheatgrass

Utah juniper/black sagebrush/Sandberg
bluegrass

Rocky Mountain juniper-curlleaf mountain-
mahogany/mountain snowberry/bluebunch
wheatgrass

Rocky Mountain juniper/mountain big
sagebrush-mountain snowberry/bluebunch
wheatgrass

Rocky Mountain juniper/Wyoming big
sagebrush/desertsweet

Rocky Mountain juniper/Wyoming big
sagebrush

Rocky Mountain juniper/bush oceanspray

Rocky Mountain juniper/dwarf goldenweed

singleleaf pinyon-curlleaf mountain-mahogany/
bush oceanspray/Great Basin wildrye

singleleaf pinyon-curlleaf
mountain-mahogany/mountain snowberry
Oregongrape/bluebunch wheatgrass

singleleaf pinyon-curlleaf mountain-mahogany
Sandberg bluegrass

singleleaf pinyon-Utah juniper/mountain big
sagebrush/bluebunch wheatgrass

singleleaf pinyon-Utah juniper/bluebunch
wheatgrass

singleleaf pinyon-Utah juniper/black
sagebrush/Sandberg bluegrass
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scopulorum-Cercocarpus ledifolius/Symphoricarpos oreo-
philus/Agropyron spicatum), and Utah juniper-curlleaf
mountain-mahogany/mountain snowberry/bluebunch
wheatgrass (Juniperus osteosperma-Cercocarpus ledifolius/
Symphoricarpos oreophilus/Agropyron spicatum). Late-se-
ral curlleaf mountain-mahogany-dominated woodland was
also observed in ridge top positions on north-facing aspects
at City of Rocks. Additional work is needed in these curlleaf
mountain-mahogany-dominated plant communities.

Rocky Mountain Juniper
Series

Upland Rocky Mountain juniper-dominated woodlands
occur on the Wapi Flow, within the Snake River Plain; south,
on lower-slope positions, in the Goose Creek drainage; and
east, with increasing extent, on lower- and upper-slope
positions, in the Bannock, Portneuf, and Bear River ranges
and on basalt flows of the Portneuf River valley of southeast-
ern Idaho.

Rocky Mountain juniper-dominated woodlands were
sampled at relatively few sites. The plant associations iden-
tified here typically have a relatively narrow distribution
among the sites sampled. These data may not represent the
ecological variability of Rocky Mountain juniper-dominated
woodlands within the study area. Rocky Mountain juniper
plant communities observed range from dense woodlands of
the northern Bear River Range which posses high under-
story cover of mountain shrub species and are characterized
by the co-dominance of curlleaf mountain-mahogany, to very
open, sparsely vegetated woodlands ofthe Wapi Flow, on the
southern end of the Great Rift system.

Rocky Mountain juniper-dominated woodlands occur with
a bimodal elevational distribution. Stands were sampled at
both the highest and the lowest elevations. Stands are often
associated with bedrock outcrops. Bedrock may serve an
ameliorative function, by reducing evaporative soil moisture
loss and dampening soil temperature extremes, in an other-
wise hot, dry upland rooting environment. Rock structures
may also serve to funnel and catch precipitation run-off.

Rocky Mountain Juniper-Curlieaf
Mountain-mahogany/Mountain Snowberry/
Bluebunch Wheatgrass Plant Association

Distribution—Rocky Mountain juniper-curlleaf moun-
tain-mahogany/mountain snowberry/bluebunch wheatgrass
was sampled in stands located at one site, Burton Canyon,
on the northern end of the Bear River Range. Based on
cursory reconnaissance, the association is expected to be
extensivein the vicinity and may occur south in the Wasatch
Range in Utah and east toward the Salt River Range in
Wyoming.

Vegetation—This vegetation is an open (extremely
xeromorphic) evergreen woodland (Federal Geographic Data
Committee 1996). Rocky Mountain juniper and curlleaf
mountain-mahogany are co-dominant; the later species usu-
ally being the more abundant. Mountain snowberryis present
and may be abundant. Oregongrape (Berberis repens) is
often well represented. Mountain maple (Acer glabrum)
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and western serviceberry (Amelanchier alnifolia) are com-
mon, but not consistently present. The herbaceous under-
story is diverse. Arrowleaf balsamroot (Balsamhoriza sagit-
tata) and bluebunch wheatgrass (Agropyron spicatum) are
well represented to abundant.

Environment—This association was observed on mixed
miogeosynclinal substrates. It is often associated with bed-
rock outcrops, but not consistently. It is located within the
upper drainages of low, mountainous terrain, on mid- and
lower-slope positions with southwesterly aspects. The mean
elevation (£ standard deviation) of sample plots was 6,907
(+234) ft.

Other Studies—Similar Rocky Mountainjuniper-curlleaf
mountain-mahogany-dominated vegetation is described for
the eastern portion of the Beaverhead Mountains ecoregional
section in Montana by Cooper and others (1995). Additional
work is needed to draw conclusions about the similarities
and differences in Rocky Mountain juniper-curlleaf moun-
tain-mahogany-dominated vegetation within the region.

Rocky Mountain Juniper/Mountain Big
Sagebrush-Mountain Snowberry/Basin
Wildrye Plant Association

Distribution—Rocky Mountain juniper/mountain big
sagebrush-mountain snowberry/basin wildrye (Juniperus
scopulorum /Artemisia tridentata vaseyana-Symphoricar-
pos oreophilus/Elymus cinereus) was sampled on four plots
located at one site, West Fork Mink Creek RNA, within the
Bannock Range. The association is expected to occur in
similar habitats in the Bannock and Portneuf ranges and
may also be present farther east.

Vegetation—The vegetationis (microphyllous) evergreen
shrubland. The average cover of trees is <25 percent and less
then the average sum of shrub, herb, and grass cover. Mid-
seral occurrences were sampled; represented by the adven-
titious establishment of Rocky Mountain juniper within
mountain big sagebrush (Artemisia tridentata vaseyana),
western serviceberry and mountain snowberry co-domi-
nated shrubland. Oregongrape is often well represented, but
not consistently. Arich assemblage of mesic forbs are present,
characterized by giant-hyssop (Agastache urticifolia) and
Wyeth buckwheat (Eriogonum heracleoides). Basin wildrye
(Elymus cinereus) is well represented to abundant. Douglas-
fir (Pseudotsuga menziesii) may eventually become estab-
lished as a late-seral species in these stands (though this
was not observed). The time period for succession to Douglas-
fir occupancy may be longer, however, then the interval
between fire disturbance events which would eliminate
Douglas-fir establishment.

Environment—This association was sampled on mixed
carbonate substrates. Rocky Mountain juniper/mountain
big sagebrush-mountain snowberry/basin wildrye occurs on
the upper slopes of low, mountainous terrain, within con-
cave draws in mid- and lower-slope micro-topographical
positions, often at the toe of rock outcrop or talus formations.
The mean elevation (+ standard deviation) of sample plots
was 6,359 (£161) ft.

Other Studies—Similar vegetation is (or contained within
associations) described by Cooper and others (1995), Hess
and Alexander (1986), and Johnston (1987). This association
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incorporates stands incorrectly identified by Grossman and
others (1994) as Utah juniper/bitter-brush-mountain snow-
berry/bluebunch wheatgrass (Juniperus osteosperma/
Purshia tridentata-Symphoricarpos oreophilus/Agropyron
spicatum). Additional work is needed to draw conclusions
about the similarities and differences in this vegetation
within the region.

Rocky Mountain Juniper/Wyoming Big
Sagebrush-Fern-bush Plant Association

Distribution—Rocky Mountain juniper/Wyoming big
sagebrush-fern-bush (Juniperus scopulorum/Artemisia
tridentata wyomingensis-Chamaebatiaria millifolium) was
only observed on the Wapi Flow. All of the data for this plant
association were collected in the vicinity of Sand Kipuka
RNA, on the southern end of the Wapi Flow. The community
was also observed in the vicinity of Big Juniper Kipuka, on
the northern end of the Wapi Flow. Similar vegetation may
occur on mafic volcanic flow substrates on the Snake River
Plain and in the Portneuf Valley.

Vegetation—The vegetation is characterized by an open
woodland structure of (typically) large diameter, broad,
limby Rocky Mountain juniper. Shrub understory is patchy
and dense in association with multiple medium sized fis-
sures to highly fractured basalt. Shrubs include fern-bush
(Chamaebatiaria millifolium), Wyoming big sagebrush (Ar-
temisia tridentata wyomingensis), bitterbrush (Purshia tri-
dentata), and syringa (Philadelphus lewisii). Sandberg’s
bluegrass (Poa secunda) is common. Understory regenera-
tion of Rocky Mountain juniper is usually present in a range
of age and size classes.

Environment—Rocky Mountain juniper/Wyoming big
sagebrush-fern-bush occurs on mafic volecanic flow sub-
strates. The sites are highly fractured, undulating basalt
basins of collapsed lava tubes. The community tends to occur
onnortheast and easterly aspects, adjacent to (downslope of)
Rocky Mountain juniper/bush oceanspray (Juniperus scopu-
lorum/ Holodiscus dumosus) on lava and Rocky Mountain
juniper/Wyoming big sagebrush (Juniperus scopulorum/
Artemisia tridentata wyomingensis) at the contact of lava
and kipuka sand. The mean elevation (+ standard deviation)
of sample plots was 4,368 (+12) ft.

Other Studies—Woodland stands on the Wapi Flow
were previously described as Utahjuniper-dominated. Rocky
Mountain juniper/Wyoming big sagebrush-fern-bush is not
described in other studies.

Rocky Mountain Juniper/Bush
Oceanspray Plant Association

Distribution—Rocky Mountain juniper/bush oceanspray
was only observed on the Wapi Flow. The community was
sampled at both the northern and southern end of the flow.
Similar vegetation may occur on mafic volcanic flow sub-
strates on the Snake River Plain.

Vegetation—This is sparse (needle-leaved or microphyl-
lous) evergreen dwarf-shrubland vegetation. Rocky Moun-
tain juniper density is low and the tree canopy is very open.
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Many sites sampled on the northern Wapi Flow are early-
seral. This vegetation is developing in the vicinity of Pillar
Butte, north of Big Juniper Kipuka, through primary succes-
sion. Stands in the south are characterized by low growing,
wind trained Rocky Mountain juniper. Bush oceanspray
(Holodiscus dumosus) is typically associated with few, large
fissures on these sites. Dwarf goldenweed (Haplopappus
nanus) is often well represented and occurs with hot-rock
penstemon (Penstemon deustus) on multiple fine crevices.
Moss and lichen are usually abundant. Sandberg’s blue-
grass is often growing in thick moss/leaf litter mats which
occur in the understory of Rocky Mountain juniper.

Environment—Rocky Mountainjuniper/bush oceanspray
occurs on mafic volcanic flow substrates. The sites are of
convex micro-topography, dry, and well drained. The plant
association is usually located on south and southeast aspects
on the crest of lava pressure ridges. Few large tension
fissures are present with many to numerous small crevices.
The mean elevation (£ standard deviation) of sample plots
was 4,858 (£316) ft. Rocky Mountain juniper/dwarf
goldenweed (Juniperus scopulorum/Haplopappus nanus)
and Rocky Mountain juniper-Wyoming big sagebrush-fern-
bush are adjacent, respectively, on sites with fewer large
fissures and highly fractured basalt basins.

Other Studies—Woodland stands on the Wapi Flow
were previously described as Utah juniper-dominated. Rocky
Mountain juniper/bush oceanspray is not described in other
studies.

Rocky Mountain Juniper/Dwarf
Goldenweed Plant Association

Distribution—Rocky Mountain juniper/dwarf golden-
weed was only observed on the Wapi Flow. The community
was sampled at both the northern and southern end of the
flow. Similar vegetation may occur on mafic volecanic flow
substrates on the Snake River Plain.

Vegetation—This is (needle-leaved or microphyllous)
evergreen dwarf-shrubland vegetation. The average cover of
trees is less then the average sum of shrub, herb, and grass
cover. Rocky Mountain juniper/dwartf goldenweed is struc-
turally intermediate to Rocky Mountain juniper/bush
oceanspray and Rocky Mountain juniper-Wyoming big
sagebrush-fern-bush. Rocky Mountain juniper tree density
is low and canopy cover is low. Dwarf goldenweed, prickly
phlox (Leptodactylon pungens) and hot-rock penstemon are
common, though typically not well represented. Mosses and
lichens are usually abundant. As described for Rocky Moun-
tain juniper/bush oceanspray, early-seral occurrences of
this association are on the northern end of the Wapi Flow;
late-seral occurrences, the southern.

Environment—Rocky Mountain juniper/dwarf golden-
weed occurs on mafic volcanic flow substrates. The sites are
variable in configuration and slope position. This plant
association typically occurs on basalt surfaces with multi-
ple medium to fine fissures; rather than with large crevices
or highly fractured basalt. These relatively flat, smooth
bedrock substrates occur on both pressure ridgelines and
within basins formed through the collapse of lava tubes. The
mean elevation (+ standard deviation) of sample plots was
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4,663 (£335) ft. Rocky Mountain juniper/bush oceanspray
and Rocky Mountain juniper-Wyoming big sagebrush-
fern-bush are adjacent communities.

Other Studies—Woodland stands on the Wapi Flow
were previously described as Utahjuniper-dominated. Rocky
Mountain juniper/dwarf goldenweed is not described in
other studies.

Rocky Mountain Juniper/Wyoming Big
Sagebrush Plant Association

Distribution—Rocky Mountain juniper/Wyoming big
sagebrush was sampled within Sand Kipuka on two plots.
The association is common on the Wapi Flow where wind-
deposited sand has the capability to support Rocky Moun-
tain juniper. Similar vegetation likely occurs northeast of
the Wapi Flow, within the Snake River Plain (The Nature
Conservancy and others 1987).

Vegetation—This is (microphyllus) evergreen shrubland
vegetation. The average cover of trees is less then the
average sum of shrub, herb, and grass cover. Mid-seral
occurrences were sampled. These stands are represented by
the adventitious establishment of Rocky Mountain juniper
within, otherwise, Wyomingbig sagebrush-dominated shrub-
land. Rocky Mountain juniper density and tree canopy cover
are low. Wyoming big sagebrush is well represented with
green rabbitbrush (Chrysothamnus viscidiflorus). Prickly-
pear (Opuntia polyacantha) is common. Sand wildrye (Ely-
mus flavescens) is characteristically well represented.

Environment—This plant association occurs on stabi-
lized, windblown sand deposits within mafic volcanic flow
formations on basin bottom and toe-slope positions immedi-
ately adjacent basalt bedrock.

Other Studies—Woodland stands on the Wapi Flow
were previously described as Utah juniper-dominated. Rocky
Mountain juniper/Wyoming big sagebrush is not described
in other studies.

Singleleaf Pinyon Series

Singleleaf pinyon is known in Idaho from the Albion, Jim
Sage, and Black Pine mountains. Stands were sampled at
four sites within the extent of its range in Idaho. Singleleaf
pinyon is co-dominant in this woodland vegetation with
curlleaf mountain-mahogany and Utah juniper. Plant com-
munities range in character from open, savanna-like wood-
lands with an open grassy understory to dense stands with
abundant, continuous shrub cover. Singleleaf pinyon wood-
lands are located in upslope positions on the spur ridges of
moderately high mountainous terrain.

Singleleaf Pinyon-Curlleaf Mountain-
mahogany/Bush Oceanspray/Basin
Wildrye Plant Association
Distribution—Singleleaf pinyon-curlleaf mountain-ma-
hogany/bush oceanspray/basin wildrye was sampled at City
of Rocks RNA, on the southern end of the Albion Range. The

association is well represented at this location but has not
been observed elsewhere in Idaho.
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Vegetation—This plant association is (rounded crowned
temperate or subpolar needle-leaved) evergreen forest.
Singleleaf pinyon and curlleaf mountain-mahogany are co-
dominant, the later usually being the most abundant. Rocky
Mountain juniper is common, but rarely abundant. The
understory is characterized by abundant cover of mountain
shrub species (in order of importance): bush oceanspray,
Oregongrape, and mountain snowberry. Mountain big sage-
brush and squaw current (Ribes cereum) are often present,
but not abundant. Few understory herbaceous species occur
in these forest/woodlands. Basin wildrye is consistently
present but only common.

Environment—Singleleaf pinyon-curlleaf mountain-
mahogany/bush oceanspray/basin wildrye is only observed
on granitic substrates within the Albion Mountains. The
plant association occurs on lower ridge spurs of moder-
ately high elevation mountainous terrain in upper-slope
positions on relatively dry, steep, convex north- to east- to
south-facing slopes. The soil surfaceis usually bouldery. The
mean elevation (= standard deviation) of plots was 6,873
(£249) ft. Stands sampled show moderate to high woody fuel
accumulations.

Other Studies—Singleleaf pinyon-curlleaf mountain-
mahogany-dominated vegetation is described by Heize and
others (1962) from the Steptoe watershed in Nevada. The
association described here incorporates stands identified by
Caicco and Wellner (1983a) as singleleaf pinyon/Utah
juniper/basin wildrye (Pinus monophylla/Juniperus osteo-
sperma/Elymus cinereus) and singleleaf pinyon/Utah juni-
per/chokecherry (Pinus monophylla/Juniperus osteosperma/
Prunus virginiana). The more refined singleleaf pinyon-
curlleafmountain-mahogany/bush oceanspray/basin wildrye
plant association has not been described elsewhere.

Singleleaf Pinyon-Curlleaf Mountain-
mahogany/Mountain Snowberry-
Oregongrape/Bluebunch Wheatgrass
Plant Association

Distribution—Singleleaf pinyon-curlleaf mountain-
mahogany/mountain snowberry-Oregongrape/bluebunch
wheatgrass (Pinus monophylla-Cercocarpus ledifolius/
Symphoricarpos oreophilus-Berberis repens/Agropyron
spicatum) was observed in the west-central and southern
Albion Mountains. The association is expected to have at
least a moderately extensive distribution within the range of
singleleaf pinyon, but this has not been determined.

Vegetation—Thisis (rounded-crowned temperate or sub-
polar needle-leaved) evergreen forest vegetation. Early- to
mid-seral occurrences were sampled. In these conditions
curlleaf mountain-mahogany is dominant in the overstory.
Singleleaf pinyon is often present in the overstory and is
consistently present in the understory. The understory shrub
structure is similar to that of singleleaf pinyon-curlleaf
mountain-mahogany/bush oceanspray/basin wildrye. Moun-
tain shrub species are consistently well represented to
abundant, including: Oregongrape and mountain snow-
berry. Mountain big sagebrush and squaw current are often
present, but usually with low cover. Bush oceanspray is
usually absent. A good number of herbaceous species may
be present. Grass species are well represented. Bluebunch
wheatgrass and spike fescue (Leucopoa kingii) are common
and relatively constant.
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Environment—The plant association is observed on both
carbonate and granitic substrates. Sites are located on lower
ridge spurs of moderately high elevation mountainous ter-
rain in mid- and upper-slope positions on relatively dry,
steep, convex east- to south- to west-facing slopes. Fuels are
characteristically fine herbaceous materials with some dead
stemwood. Singleleaf pinyon-curlleaf mountain-mahogany/
mountain snowberry-Oregongrape/bluebunch wheatgrass
is adjacent singleleaf pinyon-curlleaf mountain-mahogany/
bush oceanspray/basin wildrye on more southwesterly as-
pects and is often upslope of singleleaf pinyon-curlleaf
mountain-mahogany/Sandberg’s bluegrass (Pinus mono-
phylla-Cercocarpus ledifolius / Poa secunda). The mean ele-
vation (+ standard deviation) of samples was 7,090 (+298) ft.

Other Studies—Singleleaf pinyon-curlleaf mountain-
mahogany-dominated vegetation is described by Heize and
others (1962) from the Steptoe watershed in Nevada. The
association described here incorporates stands identified by
Caicco and Wellner (1983a) as singleleaf pinyon/Utah juni-
per/curlleaf mountain-mahogany/big mountain sagebrush/
bluebunch wheatgrass (Pinus monophylla/Juniperus os-
teosperma/Cercocarpus ledifolius/Artemisia tridentata
vaseyana/Agropyron spicatum). The singleleaf pinyon-
curlleaf mountain-mahogany/mountain snowberry-
Oregongrape/bluebunch wheatgrass plant association has
not been described elsewhere.

Singleleaf Pinyon-Curlleaf Mountain-
mahogany/Sandberg’s Bluegrass Plant
Association

Distribution—Singleleaf pinyon-curlleaf mountain-ma-
hogany/Sandberg’s bluegrass was observed on 18 plots lo-
cated in the west-central and southern Albion Mountains, at
Slide Canyon, and City of Rocks, respectively. The associa-
tion is expected to have at least a moderately extensive
distribution within the range of singleleaf pinyon, but this
has not been determined.

Vegetation—This vegetation is classified by current na-
tional standards as rounded-crowned temperate or subpolar
needle-leaved evergreen woodland. In stands sampled,
singleleaf pinyon and curlleaf mountain-mahogany are co-
dominantin often nearly equal proportions. Mountain snow-
berry and mountain big sagebrush are often present and
may be well represented. Sandberg’s bluegrass is consis-
tently well represented. Cheatgrass (Bromus tectorum) is
usually abundant.

Environment—The plant association is observed on both
carbonate and granitic substrates. Sites are located on lower
ridge spurs of moderately high elevation mountainous ter-
rain in mid- and upper-slope positions on relatively dry,
moderately sloped, undulating south-facing slopes. The soil
surface is rocky. The mean elevation (+ standard deviation)
of sample plots was 6,738 (+234) ft. Fuels on sites sampled
were fine herbaceous materials with some dead stemwood.

Other Studies—Singleleaf pinyon-curlleaf mountain-
mahogany-dominated vegetation is described by Heize and
others (1962) from the Steptoe watershed in Nevada. The
Singleleaf pinyon-curlleaf mountain-mahogany/Sandberg’s
bluegrass has not been described elsewhere.
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Singleleaf Pinyon-Utah Juniper/Big
Mountain Sagebrush/Bluebunch
Wheatgrass Plant Association

Distribution—Singleleafpinyon-Utah juniper/big moun-
tain sagebrush/bluebunch wheatgrass (Pinus monophylla-
Juniperus osteosperma/Artemisia tridentata vaseyana/
Agropyron spicatum) was sampled on nine plots located in
the Jim Sage Mountains and in the northwestern and
west-central Albion Mountains, at Jim Sage Canyon, Pine
Knob, and Slide Canyon, respectively.

Vegetation—This vegetation is rounded-crowned tem-
perate or subpolar needle-leaved evergreen woodland (using
national standards). Singleleaf pinyon and Utah juniper are
co-dominant often with nearly equal cover. Stands are open,
with a mix of medium to large sized mature trees and
seedling, sapling and pole sized regeneration. Mountain big
sagebrush is well represented in the relatively sparse shrub
layer. Bluebunch wheatgrass is consistently well repre-
sented; Sandberg’s bluegrass is present.

Environment—Singleleaf pinyon-Utah juniper/big
mountain sagebrush/bluebunch wheatgrass occurs on car-
bonate, felsic pyroclastic, and sandstone substrates. The
plant association is located on lower and upper ridge spurs
of mountainous terrain in ridge top and upper-slope micro-
topographical positions. Moderately steep slopes are undu-
lating; north to northwest and east to southeast facing. The
mean elevation (£ standard deviation) of plots was 6,420
(£589) ft.

Other Studies—The plant association described here may
be similarin part, or contained by, the singleleaf pinyon/Utah
juniper (Pinus monophylla/Juniperus osteosperma) asso-
ciation described by Blackburn and others (1968a) for the
Mill Creek watershed in north-central Nevada. Their stands
are early- to mid-seral and are in a disturbed ecological
condition. As well, geographical floristic change makes
comparison difficult. The singleleaf pinyon/Utah juniper
association described by Blackburn and others (1968b) for
the Duckwater watershed, however, appears less similar.
The association was identified by Caicco and Wellner (1983a
and b) for City of Rocks and Jim Sage Canyon, Idaho (as
reported by Grossman and others 1994). This plant associa-
tion does not occur at the City of Rocks site. Rather, those
stands are classified here as singleleaf pinyon-curlleaf
mountain-mahogany/bush oceanspray/basin wildrye,
singleleaf pinyon-curlleaf mountain-mahogany/mountain
snowberry-Oregongrape/bluebunch wheatgrass, and
singleleaf pinyon-curlleaf mountain-mahogany/Sandberg’s
bluegrass. The more refined singleleaf pinyon-Utah juniper/
big mountain sagebrush/bluebunch wheatgrass plant asso-
ciation described here has not been described elsewhere.

Singleleaf Pinyon-Utah Juniper/Bluebunch
Wheatgrass Plant Association

Distribution—Singleleafpinyon-Utahjuniper/bluebunch
wheatgrass (Pinus monophylla-Juniperus osteosperma/
Agropyron spicatum) was only observed in the Jim Sage
Mountains, at Jim Sage Canyon RNA. Data was collected
on seven plots.
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Vegetation—The vegetationis an (rounded-crowned tem-
perate or subpolar needle-leaved) evergreen woodland. Utah
juniperisthe dominanttree speciesin the early- to mid-seral
occurrences observed. Medium to large sized trees occur
with moderate density. Singleleaf pinyon and Utah juniper
are present as seedling, sapling, and pole regeneration.
Bluebunch wheatgrass is abundant in the open, parklike
woodland.

Environment—Singleleaf pinyon-Utah juniper/
bluebunch wheatgrass was only observed on felsic pyroclas-
tic substrates. Sites are located on upper ridge spurs in
mountainous terrain, on mid- to upper-slope micro-topo-
graphical positions. Slopes are primarily south- and south-
west-facing, straight and relatively gentle. The soil surface
is stony with fine, porous, continuous herbaceous fuels. The
mean elevation (+ standard deviation) of sample plots was
7,001 (£142) ft.

Other Studies—The singleleaf pinyon/Utah juniper/black
sagebrush/bluebunch wheatgrass (Pinus monophylla/Ju-
niperus osteosperma / Artemisia arbuscula nova / Agropyron
spicatum) association described by Blackburn and others
(1968a) for the Duckwater watershed in north-central Ne-
vada is intermediate to singleleaf pinyon-Utah juniper/
bluebunch wheatgrass and singleleaf pinyon-Utah juniper/
black sagebrush/Sandberg’s bluegrass (Pinus monophylla-
Juniperus osteosperma/Artemisia arbuscula nova/Poa se-
cunda) as described here. The singleleaf pinyon-Utah juni-
per/bluebunch wheatgrass plant association described here
has not been described elsewhere.

Singleleaf Pinyon-Utah Juniper/Black
Sagebrush/Sandberg’s Bluegrass Plant
Association

Distribution—Singleleaf pinyon-Utah juniper/black
sagebrush/Sandberg’s bluegrass was observed in the Jim
Sage Mountains and the northwestern Albion Mountains, at
Jim Sage Canyon RNA and Pine Knob, respectively. Data
were collected on nine plots.

Vegetation—The vegetation is classified as rounded-
crowned temperate or subpolar needle-leaved evergreen
woodland. Singleleaf pinyon and Utah juniper are co-domi-
nant. Stands are open and moderately dense. Pole, sapling,
and seedling sized singleleaf pinyon and Utah juniperregen-
eration occurs in the understory of large and medium size
trees. Understory shrub cover is sparse. Low sagebrush
(Artemisia arbuscula arbuscula) and black sagebrush (Arte-
misia arbuscula nova) may both be present; the later species
is consistently more abundant. Herbaceous coveris typically
well represented; herbaceous species composition is not
consistent. Bluebunch wheatgrass is often present, though
not abundant. Sandberg’s bluegrass is consistently well
represented.

Environment—Singleleaf pinyon-Utah juniper/black
sagebrush/Sandberg’s bluegrass was observed on carbon-
ate and sandstone substrates. Sites are located on lower
ridge spurs in mountainous terrain, on mid-slope micro-
topographical positions. Dry east-, southeast-, south-, and
southwest-facing slopes are straight and moderately
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gentle. The stony soil surface is with fine, porous, continu-
ous herbaceous fuels. The mean elevation (+ standard devia-
tion) of sample plots was 5,811 (£313) ft.

Other Studies—The singleleaf pinyon/Utah juniper/black
sagebrush/bluebunch wheatgrass association described by
Blackburn and others (1968a) for the Duckwater watershed
in north-central Nevada is intermediate to singleleaf pin-
yon-Utah juniper/black sagebrush/Sandberg’s bluegrass and
singleleaf pinyon-Utah juniper/bluebunch wheatgrass as
described here. The more refined singleleaf pinyon-Utah
juniper/black sagebrush/Sandberg’s bluegrass plant asso-
ciation described here has not been described elsewhere.

Utah Juniper Series

In Idaho, Utah juniper-dominated woodlands occur in the
South Hills, east to the Malad and Bannock ranges and
north across the Snake River Plain to the southern end of the
Lost River and Lemhi ranges. Stands were sampled at six
sites within the southern portion of this distribution. Veg-
etation within the series ranges from open woodland to
dwarf-shrubland and shrubland (almost grassland) with
dispersed trees. Utah juniper-dominated woodlands occur
on upper-slope and ridge top positions in mesa and moderate
elevation mountainous terrain. Ten plant associations are
recognized here.

Utah Juniper-Curlleaf Mountain-
mahogany/Mountain Snowberry/
Bluebunch Wheatgrass Plant Association

Distribution—Utah juniper-curlleaf mountain-ma-
hogany/mountain snowberry/bluebunch wheatgrass was
observed on the north end of the Bear River Range and in the
Bannock Range. This plant association is probably more
widely distributed and extensive, though it is represented
here by only two plots. Sufficient data are not available to
adequately describe the species composition and environ-
mental relations of this apparently distinct plant association.

Other Studies—DeVelice and Lesica (1993) describe
Utah juniper-curlleaf mountain-mahogany-dominated
vegetation from the Pryor Mountains of Carbon County,
Montana.

Utah Juniper/Mountain Snowberry/
Bluebunch Wheatgrass Plant Association

Distribution—Utah juniper/mountain snowberry/
bluebunch wheatgrass (Juniperus osteosperma/Symphori-
carposoreophilus/Agropyron spicatum)was observed in the
South Hills, Jim Sage Mountains, and the Malad Range.
This association may be present throughout the southern
range of Utah juniper in Idaho.

Vegetation—This vegetation is rounded-crowned tem-
perate or subpolar needle-leaved evergreen woodland. An
open canopy of medium- and large-sized Utah juniper typi-
cally occurs with moderate shrub cover and abundant grass
cover. Mountain big sagebrush and mountain snowberry are
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characteristic shrub species. Numerous herbs are observed
on Utah juniper/mountain snowberry/bluebunch wheatgrass
sites, few with great constancy. Lupine (Lupinus spp.) and
prickly-pear are fairly constant. Bluebunch wheatgrass is
usually abundant; Sandberg’s bluegrass is often present.

Environment—The plant association occurs on car-
bonate, felsic pyroclastic, and sandstone substrates. Utah
juniper/mountain snowberry/bluebunch wheatgrass sites
are on mesa and upper ridge spurs of moderately high moun-
tainous terrain on mid- to upper-slope micro-topographical
positions. Southeast-, south-, and southwest-facing slopes
are straight and gentle. The mean elevation (+ standard
deviation) of sample plots was 6,798 (£413) ft.

Other Studies—The Utah juniper/mountain snowberry/
bluebunch wheatgrass plant association has not been de-
scribed elsewhere.

Utah Juniper/Wyoming Big Sagebrush/
Needle-and-Thread Plant Association

Distribution—Utah juniper/Wyoming big sagebrush/
needle-and-thread (Juniperus osteosperma/Artemisia tri-
dentata wyomingensis/Stipa comata) was observed only in
the Goose Creek drainage, adjacent Goose Creek Mesa RNA.
It is expected that the plant association is more widely
distributed; additional occurrences were not documented.
The existing data essentially document a single stand;
additional information is needed to describe the variability
of this distinctive vegetation.

Other Studies—Blackburn and others (1971) describe a
similar plant association from stands located in the Rock
Springs watershed, Nevada.

Utah Juniper/Mountain Big Sagebrush/
Idaho Fescue Plant Association

Distribution—Utah juniper/mountain big sagebrush/
Idaho fescue (Juniperus osteosperma/Artemisia tridentata
vaseyana/Festuca idahoensis) was observed in the South
Hills at both Trapper Creek and Goose Creek Mesa. It is
expected to occur throughout the eastern portion of the
South Hills, but with low areal extent.

Vegetation—This is an evergreen microphyllus shrub-
land. The modal abundance of trees is <25 percent cover and
is less then the modal sum of shrub, herb, and grass abun-
dance. Utah juniper/mountain big sagebrush/Idaho fescue
stands are open, with an even (and relatively high) density
of medium and large sized trees. Mountain big sagebrush is
typically well represented. Bitterbrush is often present.
Herbs are usually well represented; important species in-
clude arrowleaf balsamroot, Hood’s phlox (Phlox hoodii),
and prickly-pear. Bluebunch wheatgrass is often well
represented. Idaho fescue (Festuca idahoensis) is usually
abundant.

Environment—The plant association was observed on
felsic pyroclastic and sandstone substrates. Sites are located
on mesa tops and upper ridge spurs of moderately high
mountainous terrain, in ridge top and upper-slope micro-
topographical positions. Northeast-facing slopes are straight
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and gentle. The mean elevation (£ standard deviation) of
plots was 6,178 (£150) ft.

Other Studies—The Utah juniper/mountain big sage-
brush/Idaho fescue plant association has not been described
elsewhere.

Utah Juniper/Mountain Big Sagebrush/
Bluebunch Wheatgrass Plant Association

Distribution—Utah juniper/mountain big sagebrush/
bluebunch wheatgrass (Juniperus osteosperma/Artemisia
tridentata vaseyana/Agropyron spicatum) was observed in
thesouthern South Hills, Malad Range, and Bannock Range.
This plant association probably occurs at additional sites
within these geographical extremes.

Vegetation—This is a rounded-crowned temperate or
subpolar needle-leaved evergreen woodland. Medium- and
few large-sized Utah juniper contribute to a tree canopy of
20-50 percent closure. Pole-, sapling-, and seedling-sized
Utah juniper regeneration is moderately dense. Mountain
big sagebrush is well represented, often with bitterbrush.
Numerous herbs occur in these woodlands. Arrowleaf
balsamroot is most constant, and often is abundant.
Bluebunch wheatgrass is well represented to abundant.

Environment—The plant association occurs on carbon-
ate, felsic pyroclastic, and sandstone substrates. Sites are
located on upper ridge spurs of moderately high mountain-
ous terrain, in (ridge top) upper- to lower-slope micro-
topographical positions. Dry south- and west-facing slopes
aremoderately steep. The mean elevation (r standard devia-
tion) of sample plots was 6,350 (£290) ft.

Other Studies—The Utah juniper/mountain big sage-
brush/bluebunch wheatgrass plant association has not been
described elsewhere.

Utah Juniper/Mountain Big Sagebrush/
Indian Ricegrass Plant Association

Distribution—Utah juniper/mountain big sagebrush/
Indian ricegrass (Juniperus osteosperma / Artemisia triden-
tata vaseyana/ Oryzopsis hymenoides) was only observed at
Goose Creek Mesa. The plant association is expected to occur
in similar habitats within the South Hills.

Vegetation—This is a rounded-crowned temperate or
subpolar needle-leaved evergreen woodland. Utah juniper
tree canopy cover ranges from 20-40 percent. Very large-,
large-, and medium-sized trees contribute to a moderate
stem density of 10 trees per acre. Relatively little pole- and
seedling-sized regeneration is present. Mountain big sage-
brush and bitterbrush are common. Relatively few herba-
ceous species are observed; prickly phlox and basin-butter-
weed (Senecio multilobatus) are common and constant.
Bluebunch wheatgrass, Sandberg’s bluegrass, and Indian
ricegrass (Oryzopsis hymenoides) are common and charac-
teristic species. Bluebunch wheatgrass is most abundant.

Environment—The plant association was observed on
felsic pyroclastic and sandstone substrates. These sites are
located in upper- and middle-slope micro-topographical posi-
tions within mesa terrain. Dry, southwest- and west-facing
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slopes are straight and steep. Utah juniper/mountain big
sagebrush/Indian ricegrass occurs on raveling colluvium;
cobbles, stones, and gravel are abundant on the soil surface.
The mean elevation (+ standard deviation) of samples was
6,070 (£106) ft.

Other Studies—Blackburn and others (1968b) describe
Utah juniper/big sagebrush/Indian ricegrass from stands
located in the Duckwater watershed, Nevada. Comparison
is difficult as the authors describe early- to mid-seral stands
typically in a disturbed ecological condition.

Utah Juniper/Low Sagebrush/ldaho
Fescue Plant Association

Distribution—Utah juniper/low sagebrush/Idaho fescue
(Juniperus osteosperma /Artemisia ‘arbuscula arbuscula/
Festuca idahoensis) was sampled at Goose Creek Mesa and
Trapper Creek. This plant association is expected to occur
throughout the South Hills in Idaho.

Vegetation—This vegetation is needle-leaved or
microphyllus evergreen dwarf-shrubland with needle-leaved
evergreen trees. Utah juniper/low sagebrush/Idaho fescue is
open woodland/dwarf-shrubland. Tree, low shrub, and grass
components often occur in equal proportions. Observed very
large-, large-, and medium-sized tree density was low to
moderate (12 trees per acre), relative to other Utah juniper
associations. Understory regeneration was relatively low,
with an average of two trees per acre pole-, sapling-, and
seedling-sized Utah juniper. Low sagebrush is well repre-
sented and often abundant in the understory with bitter-
brush and black sagebrush. Numerous herbaceous species
are observed; few are very constant. Cushion buckwheat
(Eriogonum caespitosum) and prickly-pear are important
herbs. Idaho fescue, Sandberg’s bluegrass, and bluebunch
wheatgrass are important grass species. Idaho fescue is
usually well represented to abundant.

Environment—The plant association was observed pri-
marily on felsic pyroclastic substrate, but also on sandstone.
Sites are located on basalt mesa tops, in ridge top and upper-
slope positions. Dry, well drained north- and southeast-
facing slopes are straight, and gentle (or flat). The soil
surface is gravelly. The mean elevation (x standard devia-
tion) of sample plots was 6,312 (+110) ft.

Other Studies—The Utah juniper/low sagebrush/Idaho
fescue plant association has not been described elsewhere.

Utah Juniper/Low Sagebrush/Bluebunch
Wheatgrass Plant Association

Distribution—Utah juniper/low sagebrush/bluebunch
wheatgrass (Juniperus osteosperma/Artemisia arbuscula
arbuscula/Agropyron spicatum) was observed in the South
Hills, Jim Sage Mountains, and Bannock Range. The asso-
ciation may also occur in the Cotterel Mountains, Sublett
Range, and Deep Creek Mountains.

Vegetation—This is rounded-crowned temperate or sub-
polar needle-leaved evergreen woodland vegetation. Ob-
served very large-, large-, and medium-sized tree density
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was low (nine trees per acre) relative to other Utah juniper
associations. Understory regeneration is moderately high,
with an average of seven trees per acre pole-, sapling-, and
seedling-sized Utah juniper. The understory is occupied by
abundant low shrubs, herbs, and grasses. Low sagebrush is
consistently well represented to abundant. Mountain snow-
berry is usually present but not well represented. Arrowleaf
balsamroot is consistently present and usually well repre-
sented. Prickly-pear is also an important herb. Bluebunch
wheatgrass and Sandberg’s bluegrass are both consistently
present, the former being most abundant and well repre-
sented to abundant.

Environment—The association was observed on felsic
pyroclastic, mixed carbonate, and (primarily) sandstone
substrates. Sites are located on mesa tops and upper ridge
spurs of moderately high mountainous terrain, most fre-
quently in upper-slope micro-topographical positions. Dry,
southeast-, south-, and southwest-facing slopes are horizon-
tally convex, vertically straight, and moderately gentle.
Utah juniper/low sagebrush/bluebunch wheatgrass often
occurs in association with fragmented bedrock. Large rock
fragments (boulders, cobbles, and stones) occupy between 15
and 45 percent cover. The mean elevation (+ standard
deviation) of sample plots was 6,577 (£292) ft.

Other Studies—This association incorporates stands
identified by Grossman and others (1994) as Utah juniper/
bitter-brush-mountain snowberry/bluebunch wheatgrass
(Juniperus osteosperma/Purshia tridentata-Symphoricar-
pos oreophilus/Agropyron spicatum). The Utah juniper/low
sagebrush/bluebunch wheatgrass plant association has not
been described elsewhere.

Utah Juniper/Black Sagebrush/Bluebunch
Wheatgrass Plant Association

Distribution—Utah juniper/black sagebrush/bluebunch
wheatgrass (Juniperus osteosperma/Artemisia arbuscula
nova/Agropyron spicatum) was observed in the Jim Sage
Mountains and Bannock Range. This plant association is
probably repeated in similarridge top habitatsin the Cotterel
Mountains, Sublett Range, and Deep Creek Mountains but
not with large, extensive occurrences.

Vegetation—This vegetation is needle-leaved or
microphyllus evergreen dwarf-shrubland with needle-leaved
evergreen trees. Utah juniper large- and medium-sized
trees occur with moderate density (15 trees per acre). Under-
storyregenerationisrelatively abundant (compared toother
Utah juniper associations) with 15 trees per acre. The tree
canopy is very open. Low shrubs, and grasses are abundant
in the understory. Black sagebrush and low sagebrush are
both present, the former dominant and well represented to
abundant. Hood’s phlox is a common and characteristic
herb. Bluebunch wheatgrass and Sandberg’s bluegrass are
both consistently present. Bluebunch wheatgrass is well
represented to abundant.

Environment—The association was sampled primarily
on felsic pyroclastic substrate, but also occurs on sandstone.
Sites are located on upper ridge spurs of moderately high
mountainous terrain, most frequently in upper-slope micro-
topographical positions. The mean elevation (+ standard
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deviation) of sample plots was 7,120 (+211) ft. Gentle, dry,
well drained, south- and west-facing slopes are horizontally
convex and vertically straight. Cobbles and stones are well
represented to abundant.

Other Studies—The broad juniper woodland community
identified by Knight and others (1987) for Bighorn Canyon
National Recreation Area, Wyoming, is similar to (or con-
tains) the Utah juniper/black sagebrush/bluebunch wheat-
grass plant association described here. Blackburn and oth-
ers(1971)describe Utahjuniper/black sagebrush/bluebunch
wheatgrass as occurring in the Rock Springs watershed,
Nevada. Utah juniper is less abundant (8.8 versus 11.5-16.4
percent cover) and black sagebrush and bluebunch wheat-
grass are more abundant (20 versus 6.1-7.8 and 32 versus
3.8 percent cover, respectively) in reference area stands
compared to the seral, disturbed Rock Spring stands. Caicco
and Wellner (1983c) identify the association as occurring in
the southern Lemhi Range. Bourgeron and Engelking (1994),
however, group the southern Lemhi Range stands in the
broader Utah juniper/black sagebrush (Juniperus osteo-
sperma/Artemisia arbuscula nova).

Utah Juniper/Black Sagebrush/Sandberg’s
Bluegrass Plant Association

Distribution—Utahjuniper/black sagebrush/Sandberg’s
bluegrass (Juniperus osteosperma/Artemisia arbuscula
nova/Poa secunda) was observed in the South Hills. The
extent of the association within the area and adjacent
areas is not known.

Vegetation—This vegetation is needle-leaved or
microphyllusevergreen dwarf-shrubland with needle-leaved
evergreen trees. Utah juniper canopy cover ranges from 1-25
percent. Dwarf-shrub species are the dominant life form.
Black sagebrush is usually abundant; low sagebrush is often
present. Slenderbush buckwheat (Eriogonum microthecum),
cushion buckwheat, and Hooker’s balsamroot (Balsamorhiza
hookeri) are common and characteristic herbs. Sandberg’s
bluegrass is consistently well represented.

Environment—Utah juniper/black sagebrush/Sandberg’s
bluegrass was only observed on felsic pyroclastic substrates.
Sites are located on mesa tops, most frequently in ridge top
micro-topographical positions. Gentle slopes occur with a
range of aspects and micro-configurations. The mean eleva-
tion (x standard deviation) of sample plots was 6,430 (+89) ft.
These sites are very rocky. Large- to medium-sized rock
fragments (cobbles, stones, and gravel) may occupy 45-70
percent of the surface.

Other Studies—The Utah juniper/black sagebrush/rock
(Juniperus osteosperma/Artemisia arbuscula nova/Rock)
plant association described by Blackburn and others (1968b)
for the Duckwater watershed, Nevada, is similar to Utah
juniper/black sagebrush/Sandberg’s bluegrass plant asso-
ciation described here.

Conclusions

Research Natural Areas are identified and established to
provide a baseline reference for evaluation of intensive
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resource management affects. This paper presents an ini-
tial classification of pinyon-juniper vegetation observed in
Research Natural Areas of southeastern Idaho. The
composition, distribution, and environmental relations of
23 pinyon-juniper plant associations is summarized. This
information provides a baseline for conservation planning
and ecosystem management.

The results of this study assist with the identification and
description of reference stand conditions in pinyon-juniper
woodland vegetation of the northern Great Basin region.
Determination of the relationships of plant associations
identified here to similar vegetation within the region is (in
some cases) difficult due to the availability and presentation
of existing information. These questions will be resolved as
more work from within the region becomes available. The
data presented here, as well, need further testing within the
subregional scale of the study area. These developments will
make important contributions to determination of the con-
servation status of pinyon-juniper woodland vegetation of
the northern Great Basin region.
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Tree Size and Ring Width of Three Conifers
in Southern Nevada

Simon A. Lei

Abstract—The sizes and ring widths of singleleaf pinyon, ponde-
rosa pine, and white fir were investigated along an elevational
gradient in the Spring Mountain Range of southern Nevada. The
mean height and stem diameter of ponderosa pine were generally
taller and larger relative to singleleaf pinyon and white fir. All
three conifers exhibited greater mean stem diameter on north-
facing relative to south-facing slopes. Ring widths from trees on
lower elevations were most variable. The widest rings were gener-
ally formed on south-facing slopes, while the narrowest rings were
formed on north-facing slopes. Differences in tree sizes and ring
widths were a function of variations in climate, elevations, and slope
exposures in the Spring Mountain Range of southern Nevada.

The singleleaf pinyon-Utah juniper (Pinus monophylla-
Juniperusosteosperma)woodland ranges from approximately
1,250 to 2,600 m in elevation on dry mountain slopes in
southern Nevada. On south-facing slopes, the woodland is
generally more open, Utah juniper predominates and the
understory vegetation consists of mixed shrubs with some
grasses. On north-facing slopes, the canopy is largely closed,
singleleafpinyon predominates and the understory is mostly
of grasses. The montane ponderosa pine-white fir (Pinus
ponderosa-Abies concolor) forest ranges from approximately
2,200 to 2,900 m in elevation in the Spring Mountains of
southern Nevada. The pinyon-juniper woodland and ponde-
rosa-fir forest are considered climax species because they
maintain relatively stable populations without progressive
replacement by other woody taxa (Luken 1990).

The greatest changes in tree characteristics of conifers
growing on relatively high desert mountain slopes are re-
lated to the topographic and elevational differences in the
site (Fritts 1976, 1991). The significance of topography and
slope exposure is due to the influence on the moisture, air
temperature, incident radiation, and orientation of prevail-
ing wind regimes, which may become limiting to the growth
of trees (Schweingruber 1989; Fritts 1965, 1991). Fritts
(1969) proposed that on the dry south-facing exposures,
some tree rings are absent or partially present, the pattern
of ring widths is strongly correlated within and between
trees, and chronologies are more variable. The environment
is most limiting to ring-width growth at low elevational
sites, particularly on south-facing slopes in the White

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.
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Mountains of southern California (Fritts 1969). Subtle dif-
ferences in relief, slope exposure, microclimate, and soil
properties would lead to changes in stand density and
composition.

A correlation existed between precipitation and ring
widths of trees growing on arid or low elevational sites
(Fritts 1976,1991). Chronologies are not always easily dated
because many rings may be small, orin extremely arid years,
the cambium may fail to grow and no ring is formed
(Fritts 1969). Tree-ring chronologies from lower elevations,
south-facing slopes, and from areas of less snow accumula-
tion exhibit the most chronologic variability and contain the
most information regarding past climates in southern
California (Fritts 1969, 1991). Drought reduces net photo-
synthesis, which limits the accumulation of reserved food.
With less food, growth is slow and a narrow ring is formed
(Fritts 1969, 1991). Dry conditions due to high air tempera-
tures or low precipitation of late summer or autumn may
also reduce the amount of accumulated food, and thus
influence the width of the following season’s ring (Fritts
1969, 1976). Severe drought influences tree ring character-
istics, including ring widths for several years, and drought
can even cause the tree mortality.

Three common conifers—singleleaf pinyon, ponderosa
pine, and white fir—occupy relatively high desert mountain
slopes in the Spring Mountain Range of southern Nevada.
The objectives of this study were to quantitatively examine
the tree size, ring width, and to correlate variations in ring
width of three conifer species with variations in elevation,
climatic parameters, and slope exposures in Lee Canyon of
southern Nevada.

Methods
Study Area

Field studies were conducted in spring 1996 in Lee Can-
yon (36°05' N, 115°15' W; elevation 2,000 to 2,900 m) of the
Spring Mountains, located approximately 50 km northwest
of Las Vegas, Nevada (fig. 1). Lee Canyon was chosen based
on the accessibility to the pinyon-juniper woodland and
montane ponderosa-fir forest. The tree samples were ob-
tained from sites representing differences in climate, eleva-
tion, and slope exposure. The pinyon-juniper woodland is
found at elevations ranging from 1,250 to 2,600 m in the
Spring Mountains. Vegetation is characterized by Utah
juniper, singleleaf pinyon, and big sagebrush. The montane
ponderosa-fir forest extends from approximately 2,150 to
2,900 m. This montane forest consists of a mixture of ponde-
rosa pine, white fir and, to a lesser extent, limber pine (Pinus
flexilis) and quaking aspen (Populus tremuloides). The nar-
row drainage has an eastern descent with steep slopes
having north and south aspects.
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Figure 1—Map of the study area showing Lee Canyon
of the Spring Mountains located in the southwestern
United States. The city of Las Vegas lies to the south-
east of the Spring Mountains.

The winter climate of pinyon-juniper woodland and pon-
derosa-fir forest is cold with frequent snowfall, while the
summer climate is cool. The temperature and precipitation
data in southern Nevada were acquired from the nearest
long-term weather station (record of climatological observa-
tions; National Weather Service) in Kyle Canyon, located
approximately 15 km from Lee Canyon. Air temperatures
were frequently in the subzerorange from December through
early April. At 2,000 m elevation and above, summer tem-
peratures are cool and rarely surpass 30 °C, while in the
winter, snow and below-freezing temperatures are common.
Minimum air temperatures on the average are above freez-
ing from June through September, and minimum tempera-
tures during winters are seldom below —25 °C. Occasionally,
snow is present at higher elevations in midsummer. Precipi-
tation varies considerably from year to year. Annual precipi-
tation of the pinyon-juniper woodland is generally less than
400 mm, and montane ponderosa-fir woodland ranges from
300 to over 600 mm. This variation in precipitation is largely
related to a combination of topography, elevation, and slope
exposure. Most of the precipitation occurs in winter storms
or in late summer thunderstorms in southern Nevada.

Field Surveys

Two (150 m * 150 m) square plots were established at each
of the 10 elevations along a gradient ranging from 2,000 to
2,900 m with a fixed elevational interval of 100 m. A total of
20 plots were evenly distributed on both north- and south-
facing slopes. Some pine and fir saplings were detected along
this elevational gradient but were not measured. Saplings
were generally more abundant on the north-facing than
south-facing slopes. Living barks completely encircled the
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stems (full bark) in many trees. I cored through at least
one-half of the stem diameters of the trees containing pith.
Trees were selected from north- and south-facing exposures
only for intensive study. Some partial rings were formed,
especially at the lower elevational (arid) sites. For this
reason, four incremental cores were extracted systemati-
cally based on four compass directions (north, south, east,
and west) along the radii from each tree at breast height to
reduce tree-ring error and to allow analysis of the variations
within trees. Cores were extracted without major faults,
such as fire scars, rotten spots, frost cracks, insect damage,
and woodpecker holes. The trees were selected from a rela-
tively small homogenous group to minimize variability aris-
ing from diverse soil types and factors. The yearly ring
widths were crossdated among all radii within a stem and
among different trees in sampled stands. The tree-ring
widths of singleleaf pinyon, ponderosa pine, and white fir
were determined with the aid of a stereoscope and a milli-
meter ruler after extracting cores from tree stems. One ring
was assumed to equal 1 year’s growth. Only rings for the
past 15 years were examined. Height and stem diameter
(d.b.h.or 1.5 m from the ground) of each tree were measured.
Tree height was estimated by triangulation.

Statistical Analyses

One-way Analysis of Variance (ANOVA) was used to
detect differences in tree characteristics (height and stem
diameter) along the elevational gradient. ANOVA was also
employed to detect differences in mean ring widths within a
tree stem, between low and high elevational sites, and
between different slope exposures. A Tukey’s multiple
comparison test was used to compare the mean height and
stem diameter of three conifer species from the same ele-
vation on both slope aspects, and to compare mean ring
widths when significant slope and elevation effects were
detected. Pearsons correlation analysis was conducted to
correlate variations in ring widths of three conifer species
with variations in abiotic (climate, elevation, and slope
exposure) factors. Mean values in ring width were expressed
with standard errors, and statistical significance was deter-
mined at p < 0.05 (Analytical Software 1994).

Results

From casual observations, both singleleaf pinyon and
ponderosa pine exhibited relatively little regeneration, while
white fir was the dominant understory species present
within the study area. In general, ponderosa pine trees had
a significantly larger stem diameter (p < 0.001; tables 1
and 2) than white fir and singleleaf pinyon. All three conifer
species showed larger stem diameters on north-facing than
on south-facing slopes. Ponderosa pine trees were signifi-
cantly (p < 0.001) taller than white fir and singleleaf pinyon
on both slope exposures. Both white fir and ponderosa pine
had significantly greater mean diameter, and were signifi-
cantly taller than singleleaf pinyon regardless of slope
exposures (p < 0.001; tables 2 and 3).

The widest rings were detected in trees establishing on the
south-facing slopes. Trees establishing on the south-facing
slopes displayed more missing and partial rings with more
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Table 1—Total abundance (number of individuals), mean stem diameter (d.b.h.), and mean height of three conifer species establish-
ing on the north-facing slopes from elevations of 2,000 to 2,900 m in the Spring Mountains. Mean values in rows under the
same category (diameter and height) followed by different letters are significantly different at p < 0.05.

Total abundance Stem diameter Height
Elevation Pinyon Ponderosa Fir Pinyon  Ponderosa Fir Pinyon  Ponderosa Fir

2 CM=---==-=== e Mm-----annnn-
2,000 79 — — 46.7 — — 20.3 —_ —
2,100 66 — — 46.1 — — 21.4 —_ —_
2,200 62 12 9 48.2a 65.3b 67.2b 21.7a 37.1b 38.4b
2,300 49 20 17 57.8a 68.1b 75.6¢ 25.8a 42.9b 38.7b
2,400 37 15 41 55.2a 73.7b 74.9b 23.7a 46.5¢ 42.1b
2,500 29 10 91 50.1a 77.2¢c 72.8b 23.6a 48.5¢ 42.9b
2,600 12 19 108 47.3a 77.7¢ 67.6b 22.7a 45.9¢c 40.5b
2,700 — 17 69 —_ 83.9a 74.4b — 47.4a 39.9b
2,800 — 12 32 — 81.4a 71.3b — 45.1a 38.9b
2,900 — 8 102 — 69.1a 78.4b — 44.2a 37.4b

Table 2—Total abundance (number of individuals), mean stem diameter (d.b.h.), and mean height of three conifer species establish-
ing on the south-facing slopes from elevations of 2,000 to 2,900 m in the Spring Mountains. Mean values in rows under the
same category (diameter and height) followed by different letters are significantly different at p < 0.05.

Total abundance Stem diameter Height
Elevation Pinyon Ponderosa Fir Pinyon  Ponderosa Fir Pinyon  Ponderosa Fir

22 R o R R Mme----oemmn--
2,000 69 — — 423 — — 20.1 — —
2,100 51 — — 43.0 —_ — 18.3 — —
2,200 63 12 37 41.9a 73.6b 75.7b 21.5a 37.1b 38.4b
2,300 72 20 17 43.1a 68.1b 73.5¢c 19.8a 42.3b 40.7b
2,400 51 12 9 46.4a 65.3b 67.2b 18.2a 46.5¢ 42.3b
2,500 14 8 45 42.2a 78.3¢c 69.0b 19.4a 48.5¢ 43.9b
2,600 6 7 149 47.7a 74.2b 79.9¢ 17.7a 45.8¢ 39.5¢
2,700 — 2 44 — 81.9a 72.0b — 51.4a 39.4b
2,800 — 7 14 — 74.8a 77.0a — 46.92a 38.6b
2,900 — 2 5 — 72.5a 65.8b — 45.4a 38.9b

Table 3—Relative ring widths (mean * SE) of singleleaf pinyon, ponderosa pine, and white fir

in the Spring Mountains. Low elevational sites included 2,000 to 2,300 m in the
pinyon-juniper woodland, while 2,200 and 2,500 m in the montane ponderosa-fir
forest. Mean values in columns followed by different letters are significantly different

at p <0.05.
Ring width (mm)
Sample Singleleaf pinyon Ponderosa pine White fir
...................... mm....-.-.--_-.--.-.----
North-facing slope
Low elevation 0.78£0.05a 0.80+0.07 a 1.19£0.09a
High elevation 0.66+0.04b 0.54+£0.05b 0.97£0.05b
South-facing slope
Low elevation 0.86+0.08 a 0.87£0.06 a 1.35+£0.11a
High elevation 0.72+0.07b 0.64+£005b 1.04£0.06 b
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variations in ring widths regardless of species (data not
shown). On the contrary, the narrowest rings were gener-
ally detected in trees on north-facing slopes (table 3). In this
study, 2,000 to 2,300 m were regarded as low elevational
sites in the pinyon-juniper woodland, while 2,200 to 2,500 m
represented low elevational sites in the montane ponde-
rosa-fir forest. Within the same slope aspect, ring width
from trees existing on low elevational sites was wider and
more variable compared to trees existing on high elevational
sites (table 3). Among the three conifers, white fir showed
the greatest ring width. Variations in ring widths reflected
differences in elevation, climatic variables, and slope as-
pects (table 3).

No significant differences (p > 0.05) were detected in
ring widths within the tree stem in all three conifer species
although some trees exhibited slight ring-width variations.
A sharp boundary occurred between rings on stems, and the
ring boundary represented the abrupt change in cell size
between two growing seasons. Moreover, ring widths of
three conifer species exhibited a significant positive correla-
tion with mean annual air temperature, but exhibited a
significant negative correlation with elevation, mean an-
nual precipitation, and slope exposure (table 4). Narrow
rings were significantly correlated with low air tempera-
tures and high precipitation.

Discussion

Sizes and ring widths of singleleaf pinyon, ponderosa
pine, and white fir trees on relatively high desert mountain
slopes were examined at Lee Canyon in Spring Mountains of
southern Nevada. White fir dominated on both slope aspects
in the mixed ponderosa-fir vegetation zone. The ring widths
of trees near the species’ lower elevational limits would yield
the most reliable climatic information. Tree-ring width and
growth are chiefly dependent upon environmental factors,
such as variations in elevation, topography, temperature,
precipitation and slope exposure in southern Nevada.

Topography and slope exposure modify incident radia-
tion, air temperature, wind pattern, and soil moisture which
may indirectly limit the growth of trees. On the moist, cool
north-facing slope where denser stands of pine and fir trees
occur, chronologies including ring width are less variable,
fewer rings are absent, and contained the least amount of
information on past climates in southern California (Fritts
1969). Large differences in tree-ring characteristics associ-
ated with variation in topography and slope exposure are
evident. If the sites are less extremes, the rings do not vary
greatly in width, and ring-width variability is a function of
site aridity (Fritts 1976, 1991), which corresponds with my
study. Fritts (1976, 1991) further suggested that slope
exposure, degree of slope, and orientation to prevailing wind
are prime factors controlling moisture relations and ring-
width patterns in bristlecone pine (Pinus longaeva) in the
White Mountains of California.

A correlation existed between ring widths and moisture
conditions of the previous summer and autumn, as well as
temperature of the winter (Fritts 1991). Narrow rings were
found to be correlated with climatic conditions, such as low
air temperatures and high precipitation (LaMarche 1976).
At low elevations and latitudes, variations in ring width
often are highly and positively correlated with variations
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Table 4—Results of Pearsons correlation analysis
by matching the ring widths of singleleaf
pinyon, ponderosa pine, and white fir to
abiotic factors. Air temperature and pre-
cipitation were averaged over an inter-
val of 1 year. r is the coefficient of linear
correlation. Significance levels: *:p <
0.05, **: p < 0.01, ***:p < 0.001, and NS:
non-significant.

Factor r
Singleleaf pinyon
Elevation -0.91™
Annual Temperature 0.88™
Annual Precipitation -0.85™

Slope exposure
Ponderosa pine

Elevation -0.93"
Annual temperature 0.90™
Annual precipitation -0.89™
Slope exposure -0.83"
White fir
Elevation -0.92™"
Annual temperature 0.87"
Annual precipitation -0.86™
Slope exposure -0.74™

in precipitation and negatively correlated with variations in
air temperature (Fritts 1976). However, at high elevations
and latitudes, correlation between ring width with precipi-
tation becomes weak and negative, while correlation be-
tween ring width and air temperature becomes strong and
positive (Fritts 1976).

Moreover, crossdating, including examining yearly ring
widths among all radii within a stem and matching of ring-
width patterns among trees, is necessary because the same
or similar environmental conditions have limited the ring
widths in large number of trees. The year-to-year fluctua-
tions in limiting environmerntal factors that are similar
throughout an area appears to produce synchronous varia-
tions in ring structure (Fritts 1976). The fact that cross-
dating can be obtained is evidence that some climatic or
environmental information were common to the sampled
trees from a particular stand (Fritts 1976).

Precipitation in the pinyon-juniper and montane ponde-
rosa-fir vegetation zones is usually in the form of snow, and
freezing air temperatures in winters are frequent as eleva-
tion ascends. When spring arrives, the melting snow pack
seeps into the ground and serves as moisture for plants
(Lei 1994). The precise ages of pine and fir trees were
difficult to determine because they exhibited little or no net
growth during extremely arid spring seasons with more
missing and partial rings and more chronologic variation.
Nevertheless, two fairly abundant seasonal rainfalls may
lead to two distinct tree-ring growth within a single year.
In order to accurately determine the absolute ages of pine
and fir trees, distinct annual rings must be present from an
active growing season. For these reasons, the absolute ages
of pine and fir trees were not determined in this study.
Furthermore, extreme drought during the most active
growing period in May and June would limit photosynthesis
and would highly correlate with narrow rings of trees
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(McGinnies 1963). On the contrary, drought in late summer
and autumn appear to have less correlation with narrow
rings of trees (McGinnies 1963). The influence of a favorable
or unfavorable year may be observed in not only the current
tree-ring width, but also in the ring widths for the following
3 years in northern Arizona (Fritts and others 1965; Ballie
1982; Stokes 1974).

Schulman (1956) suggested that rates of photosynthe-
sis is a function of air temperature. Mean annual air
temperatures decrease with ascending elevation in south-
ern Nevada (Lei 1994, 1995). The severity of winter air
temperatures may influence photosynthesis in trees grow-
ing at high elevations. Cold winters may result in a pro-
longed inactive period and in a depletion of food reserves
(Schulman 1941, 1956). While air temperatures during the
winter may limit growth, air temperatures at other seasons
interact with the moisture regime to produce differences in
net photosynthesis, food reserves, and ring-width growth
(Fritts 1969). On the more mesic, north-facing slopes, the
physiological processes, such as photosynthesis, respira-
tion, and cambial activity, are not as frequently limited by
climate, and therefore the tree-ring widths are less variable
in northern Arizona (Fritts and others 1965). Trees on the
moist sites formed denser stands and were generally taller
since moisture stress was less directly related to tree-growth
responses.

Implications and Future
Directions

The results of this study reveal that tree size and ring
width can be utilized to examine the growth response of
various tree species to their environment. Ring widths from
trees are positively correlated with air temperature, while
negatively correlated with elevation, precipitation, and slope
exposure. Ring width variability is indicative of environ-
mental stress of the tree site. Subtle or significant climatic
change at the local and regional scales in the future would
influence the density and abundance of both pine and fir
trees. Once ring width chronologies in the pinyon-juniper
and ponderosa-fir vegetation zones are developed from pro-
gressively drier sites and properly dated, one can provide an
accurate, long-term record of climatic patterns. When the
climatically “sensitive” arid-site trees with some partial
rings are appropriately dated, their ring-width chronology
may be used to analyze, characterize, and reconstruct the
climatic fluctuations of the past in southern Nevada.
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Host-Parasite Relationship Between Utah
Juniper and Juniper Mistletoe in the Spring
Mountains of Southern Nevada

Simon A. Lei

Abstract—The infection of Utah juniper by parasitic juniper
mistletoe was quantitatively investigated at a blackbrush-Utah
juniper ecotone in Pine Creek of southern Nevada. Juniper
mistletoes significantly reduced the vigor, viability, and reproduc-
tive success of their host. The abundance of juniper mistletoe was
significantly and positively correlated with the height of Utah
juniper. Diurnal and seasonal leaf water potentials of juniper
mistletoe were significantly lower than leaf water potentials of
adjacent, uninfected juniper trees. Heavy mistletoe infestation
significantly increased host-plant water stress, and low host-plant
water potentials might limit long-term mistletoe infection success.
Infestation was beneficial for juniper mistletoe but harmful to
Utah juniper.

Mistletoes (Phoradendron spp.) are dwarf hemiparasites
which once established, rely entirely upon their hosts for the
supply of water and mineral nutrients (Hollinger 1983).
Juniper mistletoe (Phoradendron juniperinum) is a native
plant that grows on Utah juniper (Juniperus osteosperma)
and other gymnosperm hosts. Its range includes southern
Nevada, southwestern Utah, southeastern California, south-
western Arizona, northern Baja California, Sonora, and
Sinaloa (Haigh 1996; Benson and Darrow 1981). Previous
studies of host-mistletoe relationships include Blumer
(1910), Shreve and Wiggins (1964), Walters (1976), Daniel
and Butterwick (1992), and Haigh (1996). Phoradendron
villosum, a closely related species to juniper mistletoe,
revealed a clumped dispersion pattern on several oak
(Quercus spp.) hosts in California (Hollinger 1983). In gen-
eral, juniper mistletoe shows significantly more negative
leafwater potentials thanits Utah juniper host, and infected
host trees experience lower leaf potentials than uninfected
trees through a growing season under a range of environ-
mental conditions (Ehleringer and others 1986; Fisher
1983). In the Mojave Desert, water potentials of host plants
can become extremely negative during summer months.
California mistletoe (Phoradendron californicum) reveals
lower water potential values, averaging 1.4 MPa below its

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.

Simon A. Lei is a Biology and Ecology Professor at the Community
College of Southern Nevada, 6375 West Charleston Boulevard, W2B,
Las Vegas, Nevada 89102-1124.
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catclaw (Acacia greggii) and creosote bush (Larrea triden-
tata) hosts during the 1996 drought in the Granite Cove of
southern California (Dean Jordan, personal communication).

Although juniper mistletoe is not common throughout
southern Nevada, it commonly parasitizes Utah juniper in
Pine Creek. The objectives of this article were four-fold:
(1) to address the spatial pattern of juniper mistletoe infec-
tion of Utah juniper trees; (2) to compare the height, vigor,
viability, and reproductive success of the parasitized and
unparasitized Utah juniper trees; (3) to examine the water
relations of mistletoe and its host; and (4) to investigate
mistletoe infection success between slightly and heavily
parasitized trees during a severe drought in Pine Creek of
southern Nevada.

Methods

Study Area

The field study was conducted from spring to fall of 1996
in the Pine Creek portion of the Red Rock National Con-
servation Area (36°05' N, 115°40'W; elevation 1,400 m),
located approximately 50 km west of Las Vegas, Nevada.
Pine Creek was selected on the basis of mistletoe infection
success and various infection stages (early, middle, and late)
on Utah juniper trees. The vegetation is transitional be-
tween blackbrush (Coleogyne ramosissima) shrubland and
Utah juniper woodland, with Utah juniper being consider-
ably more abundant along an intermittent stream with
water running only during parts of the year. This surface
stream is often dry during the peak of summer season from
June through August, unless it is recharged by moderate to
heavy rainfalls. The precipitation in southern Nevada in-
cludes summer storms and winter rains, averaging 250 mm
annually. Summer rain typically occurs in July and August,
and can be locally intense. Winter rain is widespread and
may last several days (Rowlands and others 1977). Much of
the 1996 year was extremely dry with a total amount of
precipitation fallingwell below the annual average. Relative
humidity of 20 percent or less is common with high evapo-
ration in the summer months.

Blackbrush and Utah juniper share a relatively broad
ecotone in southern Nevada (Lei 1994, 1995). Singleleaf
pinyon-Utah juniper (Pinus monophylla-Juniperus osteo-
sperma) woodland is often established on high desert moun-
tain slopes above the blackbrush shrubland in southern
Nevada. Utah juniper is typically more abundant at the
lower elevations, with a homogeneous mixing of single-
leaf pinyon and Utah juniper at the middle elevations of
the pinyon-juniper vegetation zone (West and others 1975).
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Dispersion of Juniper Mistletoe

The study site covered approximately 3.5 ha., and all 85
Utah juniper trees within this area were surveyed for the
presence and distribution of juniper mistletoes. The ever-
green juniper mistletoe was easily visible among the bare
and nearly bare branches of its juniper host, appearing as a
slightly lighter green or brownish-green patch on Utah
juniper trees. I counted and recorded the number of
juniper mistletoes and measured the height on juniper
trees for an analysis of the spatial dispersion pattern. The
dimensions of juniper mistletoe were not measured, and sex
could not be accurately determined.

The Utah juniper trees sampled ranging in height from
0.75 to 7 m, and included individuals without any visible
juniper mistletoes (control) and individuals with mistletoes
(infected trees). Within the infected trees, uninfected stems
were segregated from infected stems. Uninfected stems did
not show any visible mistletoes on the stem all the way back
to the main trunk. Infected stems had mistletoes on the
secondary branches.

Vigor, Viability, and Reproductive
Success of Utah Juniper

The amount of host tree branches covered with green
leaves was visually estimated in ten percentage point incre-
ments. The viability of parasitized and unparasitized Utah
juniper trees was determined by coring through at least
one-half of the stem diameter containing pith. Incremental
cores were extracted from main trunks at 1.0 m above
ground and from five Utah juniper individuals that were
randomly selected in each of the three height categories
(0-2, 2-4, and 4-7 m). The size of fruits (berry diameter)
between parasitized and unparasitized trees was measured.
The number of fruits (berries) produced by Utah juniper was
visually estimated.

Water Potential Measurements

A total of 20 Utah juniper trees and a juniper mistletoe
on each parasitized (light and heavy infections) tree were
randomly selected and tagged with yarn before water poten-
tial measurements to facilitate repeated sampling through-
out the day. Five replicates were made in each of four
treatments (mistletoe, uninfected Utah juniper, infected
and uninfected stems on mistletoe-infected juniper tree).
Water potentials of juniper mistletoe and its Utah juniper
host were obtained using a portable pressure chamber and
nitrogen gas. Once the leaves were incised, they were
immediately placed in zip-loc plastic bags and housed on ice
in the dark until pressurization, which was rapidly con-
ducted at the field site. Water potentials were measured on
10-15cm long terminal leaves at predawn and then at 3-hour
intervals throughout the day. Diurnal water potential data
were collected twice, once in March and once in July 1996.
Routine analysis of predawn and midday water potentials of
mistletoes and juniper trees was conducted at 8-week
intervals from April through October of 1996.
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Statistical Analyses

The Poisson distribution was used to determine the type
of spatial dispersion pattern (random, uniform, or clumped)
that populations of juniper mistletoe exhibited on Utah
juniper. One-way analysis of variance (ANOVA) was em-
ployed to detect differences in diurnal and seasonal water
potentials among the four treatments. Students t-tests were
performed to compare the height, vigor, viability, and repro-
ductive success between the parasitized and unparasitized
Utah juniper trees. Statistical significance was determined
at p<0.05.

Results and Discussion

Eighty-five Utah juniper trees were sampled in Pine Creek
for an analysis of the spatial dispersion. The occurrence of
juniper mistletoes was on Utah juniper trees only. Juniper
mistletoes did not infect blackbrush or other common shrubs
nearby, such as banana yucca (Yucca baccata), big sage-
brush (Artemisia tridentata), cheesebush (Hymenoclea
salsola), and yerba santa (Eriodictyon angustifolium), at
the blackbrush-Utah juniper ecotone. A majority of juniper
trees had either no juniper mistletoe growth (35.3 percent
or 30 of 85 trees) or had more than five mistletoe individu-
als (48.2 percent or 41 of 85 trees; fig. 1). Only 16.5 percent
(14 of 85) of trees fell between these two classes (fig. 1). The
distribution of individual mistletoes was clumped (p < 0.05),
which corresponds with Hollinger’s (1983) study. Mistletoe
fruits are fleshy, producing a single seed with sticky viscous
layer (Calder and Bernhardt 1983). Mistletoe seeds tend to

50 T T T T T T

NUMBER OF JUNIPER TREES

0 1 2 3 4 5+
NUMBER OF MISTLETOES PER JUNIPER

Figure 1—Distribution of juniper mistletoes on 85 Utah
juniper individuals in Pine Creek of the Red Rock Canyon
National Conservation Area in southern Nevada.
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Figure 2—Number of juniper mistletoe (mean * S.E.)
growing on Utah juniper trees with variable heights in
Pine Creek of the Red Rock Canyon National Conser-
vation Area in southern Nevada. Height of Utah juniper
trees was divided into three categories: 0-2 (n = 6), 2-4
(n=25), and 4-7 m (n = 24). Different letters at the top of
columns represent statistical significant at p < 0.05.

stick to birds, and mistletoe is usually spread from host to
hostby birds, which ingest the seeds and later defecate them
onto a branch (Haigh 1996). Birds, including northern mock-
ingbird (Minus polyglottos), appear to roost in specific areas
which would clump mistletoes in these areas where they
roost and subsequently defecate. The distribution of many
species, including parasitic organisms, is generally conta-
gious, but is seldom regular in nature (Postlethwait and
Hopson 1995).

Juniper mistletoes grew on Utah juniper trees ranging
from a height of 0.75 to 7.0 m (fig. 2). The abundance of
juniper mistletoe was significantly and positively corre-
lated (p < 0.001; r = 0.81) with the heights of Utah juniper
hosts. Juniper mistletoe was most numerous on taller host
trees, although two of the hosts that were approximately
6.0 m tall were not infested by mistletoes. Mistletoe-infested
juniper trees were significantly taller (p < 0.01; table 1) than
adjacent, uninfested trees. In general, the taller trees were

older than the shorter trees (data not shown). Yet, the
precise ages of host trees were difficult to determine due to
the possibility of partial, missing, and double annual rings.
Biseasonal rainfalls may produce double annual rings,
while severe droughts during the growth periods may show
a partial or missing ring within a single year.

Various stages of juniper mistletoe infections on Utah
juniper trees were evident in Pine Creek. The high levels of
mistletoe infestation of greatly influenced the vigor, viabil-
ity, and reproductive success of juniper trees regardless of
their size. The amount of berry production and green leaves
on branches in the infested juniper trees were signifi-
cantly (p < 0.001; table 1) reduced. Conversely, no signifi-
cant (p > 0.05; table 1) differences were detected in berry size
(diameter) between the parasitized and unparasitized juni-
per trees, although the berry size was smaller in parasitized
trees. Within the infected juniper trees, hosts with heavy
infections (>25 mistletoes per tree) typically showed the
smallest berry size, and showed the least amount of green
leaves and berry production than juniper hosts with light
infections. Low host vigor can lead to rapid mortality follow-
ing severedrought and pest outbreak (Calder and Bernhardt
1983).

There are several potential explanations for the higher
levels of juniper mistletoe infestation exhibiting a clumped
distribution in taller and larger host trees. First, large tree
size would provide a greater surface area (more secondary
branches) available for mistletoe colonization. Increasing in
tree size, along with a greater surface area, may increase the
host susceptibility of mistletoe colonization and infestation.
Second, many taller trees were older with a greater stem
diameter than shorter trees. This phenomenon may indicate
atime dependent mistletoe colonization rate. The number of
mistletoe may increase with increasing tree age. Third,
some birds may prefer taller and larger trees by visiting
infested trees to feed on the mistletoe’s fruits, and then
remain on the infested trees long enough to deposit the
seeds on the same trees. Dispersal of mistletoes may also be
influenced by arboreal mammals and by gravity, but these
are likely to be minor mechanisms (Calder and Bernhardt
1983).

Both juniper mistletoe and Utah juniper plants were
significantly (p < 0.001; fig. 3) more water stressed in July
thanin March. Water potentials of mistletoes and its juniper
hosts were significantly (p < 0.001; fig. 4) more negative
during midday than predawn hours through the growing
season. Conversely, no significant differences (p > 0.05;
fig. 3 and 4) were detected in juniper leaf water potentials
between the infected and uninfected stems on the mistletoe-
infected trees in both diurnal and seasonal measurements.

Table 1—A comparison of height, vigor, and reproductive success (berry size and production) between
mistletoe-infested and adjacent, uninfested (control) Utah juniper trees (mean + S.E., n = 85). The
amount of host tree branches covered with green leaves (vigor) is expressed in percentage. Mean
values in columns followed by different letters are significantly different at p < 0.05.

Tree group Height Percent green leaves Berry diameter Berry number
m

Infested tree 48+07a 472+19.7a 78+02a 2179+69.2a

Uninfested tree 32+£040D 86.5+ 9.8b 84+01a 355.4+50.5b
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Figure 3—Diurnal water potentials (mean £ S.E.)
of juniper mistletoes, leaf tissues from infected
stems and uninfected stems of the Utah juniper hosts,
and from an adjacent, uninfected (control) juniper
hosts in March (A) and July (B), 1996. Measurements
(n = 5 per treatment in each hour) were made at
3-hour intervals starting from early morning through
mid-afternoon.
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in each month) were made during predawn (A) and
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Leaf water potentials of juniper mistletoe tissues were
considerably more negative than Utah juniper tissues of
either infected stems or uninfected stems (fig. 3 and 4).
Leafwater potentials of mistletoe tissues were significantly
(p < 0.001) lower than leaf water potentials of adjacent,
uninfected juniper trees (fig. 3 and 4). Mistletoes are charac-
terized by extremely low water use efficiencies and must
maintain more negative water potentials than their hosts in
order to obtain water (Dean Jordan, personal communica-
tion). My results generally concur with Ehleringer and
others’(1986) study, indicating that mistletoe-infected trees
consistently have leaf water potentials lower than adjacent,
uninfected trees, and that juniper mistletoe was imposing a
significant water stress on Utah juniper.

Because of the higher rates of water loss associated with
mistletoe parasitism, infected Utah juniper trees experience
significantly lower leaf water potentials than do uninfected
Jjuniper trees (Ehleringer and others 1986). In leafy mistle-
toes, the inability of stomata to respond to environmental
stress may largely account for considerable water loss in
massive infections (Fisher 1983). During stress, stomata of
mistletoe remain open and transpiration rates of mistletoe
remain higher than its Utah juniper host. Photosynthesis is
curtailed in Utah juniper trees because of stomatal closure
in response to environmental stress (Fisher 1983). Several
aspects of Utah juniper water relations (leaf conductance,
leaf water potential, and water use efficiency) are worsened
by the presence of juniper mistletoe (Ehleringer and others
1986). Host with heavy infections generally revealed lower
leaf water potential than hosts with light infections in this
study. Increased infestation can aggravate this water stress
situation, but since whole plant water balances were not
measured in this study, the magnitude of this effect on host
productivity cannot be accurately determined (Ehleringer
and others 1986).

From casual observations, Utah juniper hosts with light to
moderate infections may benefit juniper mistletoes, as evi-
denced by a slightlylargerberry size and by a greater foliage,
flower, and fruit production (hiomass). As infection intensi-
fies over time, however, the mortality of established juniper
mistletoes became evident when a portion of host tree
branches was dead. Within a single host, the live secondary
branches supported abundant mistletoes, while the dead
secondary branches revealed dead mistletoes regardless of
tree size. Hence, juniper mistletoes may not be a successful
parasite because, after several years of colonization and
infestation, mistletoes can kill their hosts, leading to their
own death.

Southern Nevada in recent years experienced severe
droughts, resulting in widespread plant water stress and
in an increased mortality of established juniper mistletoe
infections. Substantial juniper mistletoe mortality on its
Utah juniper host was observed during the 1996 drought.
More mistletoes died from hosts with heavy infections than
with light infections, partially due to an increase in water
stress of host plants during the drought. Mistletoes show-
ing heavy infections generally have leaf water potentials
0.2-0.7 MPa lower than mistletoes showing light infections
(data not shown), presumably due to an intense resource
competition among mistletoe individuals. Low host-plant
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water potentials with massive infections during severe
droughts may limit long-term mistletoe infection success
(Dean Jordan, personal communication) irrespective to host
tree size.

Parasitic mistletoes live in close physical association
with host to obtain nourishment and may weaken or kill its
host (Postlethwait and Hopson 1995). The final outcome is a
net gain in mistletoe foliage, which occupies more and more
of the host canopy as the infection intensifies (Fisher 1983).
In juvenile trees, infection greatly reduces root growth and
the ability to survive drought and insect outbreak (Fisher
1983). All mistletoes show some degree of parasitism or
dependence on a host plant, and all use the xylem sap of the
host to provide water and mineral nutrients (Fisher 1983).
In this study, mistletoes can be considered a water parasite
because mistletoe-infected junipertrees, irrespective to their
size, consistently exhibited greater water stress (lower wa-
ter potentials) than adjacent, uninfected trees.

Conclusions

Results of this study indicated that many Utah juniper
individuals exhibited no or severe infestation by parasitic
juniper mistletoes, and that populations of juniper mistle-
toes revealed a clumped dispersion pattern among Utah
juniper trees. Taller juniper trees were significantly more
likely to be parasitized than shorter trees. The higher
colonization rate and infection level of mistletoes in taller
and larger host trees appeared to be a combination of tree
size, age, and seed dispersal by some bird species. Heavy
mistletoe infestation severely limited host’s vigor, viability,
and reproductive success regardless of host size. Juniper
mistletoes are not likely to be a successful parasite since
heavy infestation during the severe 1996 drought would
lower their host-plant water potentials, which might limit
mistletoe’s long-term infection success. Trees without juni-
per mistletoes were significantly less water stressed than
trees with mistletoes. However, no significant differences
were detected between the infected and uninfected stems of
mistletoe-infected Utah juniper trees.
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Utah Juniper Herbaceous Understory
Distribution Patterns in Response to Tree
Canopy and Litter Removal

Chad S. Horman
Val Jo Anderson

Abstract—A 3-year field study was conducted to determine the
effects of Utah juniper (Juniperus osteosperma) canopy and litter
removal on native and seeded plant distribution patterns. Two
zones were identified surrounding Utah juniper, one beneath the
canopy and the second in the interspace. Plant abundance and
seedling emergence were higher in the canopy zone. Canopy re-
moval caused a decrease in plant abundance and seedling emer-
gence in the canopy zone and had no effect in the interspace. Litter
removal had almost no effect on plant abundance, except for annual
forb abundance, which increased following litter removal. Effect
of litter removal on seeded species was species dependent.

The pinyon-juniper woodland is an important ecosystem
of the western United States, comprising of approximately
60 million acres throughout Nevada, Utah, Colorado, New
Mexico and Arizona, with two leaf pinyon pine (Pinus edulis)
as the principal pine species. Common juniper species in-
clude Utah juniper (Juniperus osteosperma), alligator juni-
per(Juniperus deppeana), one seed juniper (Juniperus mono-
sperma)and Rocky Mountain juniper(Juniperus scopulorum)
(Hurst 1987). In pre-settlement days, juniper was most
abundant in southwestern U.S., but distinct populations
could be found on rocky mid-elevation foothills of the Great
Basin. Since the mid 1800’s juniper has slowly encroached
into the valleys of the Great Basin. As juniper has become
the dominant species in these communities, elements of both
the biotic and abiotic environments have been modified
(Tausch and others 1981). This has been a serious problem
for land managers, because as these trees come to domi-
nance on a site the herbaceous understory is severely re-
duced (Dye and others 1995; Schott and Pieper 1985; Young
and Evans 1981; Barney and Frischknecht 1974; Clary
1971). Increased precipitation runoff and soil erosion has
been reported as a result of this community shift (Farmer
1995). Many ideas have been forwarded to explain the recent
juniper invasion. The most commonly stated ideas are
(1) lack of periodic fires which would normally kill many
young trees (Hurst 1987; Young and Evans 1981; Burkhardt

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.
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and Tisdale 1976), (2) spreading of seed by livestock
(Burkhardt and Tisdale 1976), (3) overgrazing by livestock,
which reduces grass competition with juniper seedlings
(Hurst 1987) and (4) a climatic shift that favors woody
species (Johnsen 1962). These postulates suggest explana-
tions as to why junipers are able to establish themselves, but
not how they are able to maintain dominance on a site.

Junipers may be able to dominate a site and maintain that
dominance by way of (1) increased canopy cover which
creates shading and precipitation interception (Schott and
Pieper 1985; Anderson and others 1969; Skau 1964; Johnsen
1962), (2) deep litter accumulation (Horman and Anderson
1996; Schott and Pieper 1985; Everett and Koniak 1981,
Jameson 1966; Johnsen 1962), (3) allelopathy (Peterson
1972; Jameson 1970a; Jameson 1961), (4) changes in the soil
nutrient composition (Doescher and others 1987; Klopatek
1987; Brotherson and Osayande 1980) and (5) competition
for soil moisture (Evans and Young 1985; Young and Evans
1981; Jameson 1970b; Johnsen 1962).

It has been shown that the canopy of one seed juniper
(Armentrout and Pieper 1988; Schott and Pieper 1985;
Arnold 1964), redberry juniper (Juniperus pinchotit) (Dye
and others 1995; McPherson and others 1991), eastern red
cedar (Juniperus virginiana) (Engle and others 1987), west-
ernjuniper(Juniperusoccidentalis)(Vaitkusand Eddleman
1991) and Utah juniper (Everett and Koniak 1981; Barney
and Frischknecht 1974; Clary 1971) all affect understory
distribution. These negative effects have been attributed to
shading, rainfall interception or litter accumulation. Schott
and Pieper (1985) determined that in younger stands of one
seed juniper, shading, caused by the characteristically dense,
low hanging canopy, was the leading cause of low understory
production. Anderson and others (1969) stated that under-
story vegetation is more responsive to differences in
throughfall precipitation than differences in light. Juniper
canopy is reported to intercept about 10-20 percent of
precipitation (Skau 1964). This amount of interception may
explain why some species can not survive.

Litter accumulation has been studied as a deterrent of
understory growth either due to its depth (Horman and
Anderson 1996; Everett and Koniak 1981; Jameson 1966;
Johnsen 1962) or to allelopathic properties (Peterson 1972;
Jameson 1970a; Jameson 1961). Jameson (1966) stated that
litter accumulation from one seed juniper was more detri-
mental than shading in the mature stand that he studied. He
found that blue grama (Bouteloua gracilis) basal area and
production were not affected by the roughly 40 percent
shading, but that litter accumulation did adversely affect it.
Horman and Anderson (1996) reported that while not af-
fected by allelochemic properties, antelope bitterbrush
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(Purshia tridentata) and bluebunch wheatgrass (Pseudo-
roegnaria spicata) emergence were negatively affected by
increasing Utah juniper litter depth.

Litter not only affects plant emergence but also plant
distribution. Everett and Koniak (1981) reported threelitter
zones under Utah juniper canopies in Nevada. The first was
closest to the trunk and constituted litter cover >90 percent
at a depth >0.5 cm. This zone had practically no vegetation.
The second was under the majority of the canopy and had
litter cover of 20-90 percent at adepth >0.5 cm. This zone had
increasing amounts of vegetation. The last was near the
canopy edge and contained the most vegetation. It consisted
of litter cover <20 percent at a depth of <0.5 cm. They agreed
with Jameson (1966) that litter depth was the leading
deterrent of understory growth. This zonation pattern was
similar to that found by Armentrout and Pieper (1988)
around one seed juniper trees. They reported an increase in
basal cover on understory vegetation from <1 percent near
the trunk to 7 percent under the canopy and finally 12 percent
in the interspace.

Juniper trees are also competitive due to their shallow
root zones that extend out a distance that is two or three
times the tree height for some species (Johnsen 1962). This
allows the juniper to compete very effectively for any avail-
able moisture (Young and Evans 1981; Jameson 1970b;
Johnsen 1962). It has also been suggested that junipers may
have phytotoxic root exudates (Jameson 1970b).

The majority of juniper literature has focused on juniper
species other than Utah juniper and little has been done in
the foothill environment of central Utah. A field study was
conducted in a foothill Utah juniper woodland community in
central Utah that focused on the influence of Utah juniper
canopy on the understory and interspace vegetation. The
effects of Utah juniper canopy on six seeded species were also
tested. The objectives of this study were to determine the
effect of Utah juniper canopy removal and litter removal on
the native plant community as well as some commonly
seeded species.

Study Site and Methodology ___

The study site was located in a pinyon-juniper woodland
between Water Hollow and Tie Fork Canyon in Spanish
Fork Canyon, Utah Co., UT. Three sites with southern
exposure, located at least 1.5 km apart, were chosen in this
area. At each site, 10 mature juniper trees were selected that
had a minimum of one meter of canopy interspace at least
half way around it. Underneath each tree, four vegetational
transect lines were placed with equal spacing between them.
The lines ran from the trunk to the canopy edge and out into
the middle of the tree interspace (not to exceed 3 m). Along
each transect, three zones were identified. The trunk zone
extended from the trunk to mid point of the canopy radius.
The mid canopy zone extended from the mid point of canopy
radius to the dripline (dripline was defined as the furthest
reaching branch over the transect). The interspace zone,
consisted of the area that extended beyond the dripline
(Armentrout and Pieper 1988).

A 25 x 50 cm quadrat, using a modified Daubenmier
method of seven cover classes (Daubenmier 1959), was
placed contiguously along each line. At each placement,
percent cover was recorded for total vegetation, perennial
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grass, annual grass, perennial forb, annual forb, shrub,
litter, rock, bare ground and cryptograms. Nested frequency
values were also recorded for total vegetation, perennial
grass, annual grass, perennial forb, annual forb and shrub.
Litter depth was also measured in the center of each quad-
rat. Finally, at each site, three 61 m line intercept transect
were evaluated to determine canopy overstory cover.

Following the baseline vegetationinventory (August 1995),
five of the ten trees at each site were randomly selected, cut
down, and removed from the site with as little disturbance
to the ground cover as possible. At the same time, the litter
was removed from half of the area underneath both intact
and removed trees. This created four treatments; (1) tree
canopy with intact litter (control), (2) tree canopy with litter
removal, (3) tree removal with intact litter and (4) tree
removal with litter removal.

Following tree and litter removal, six species were planted
in the fall of 1995. The species used were bluebunch wheat-
grass (Pseudoroegnaria spicata (Pursh) Love ‘Secar’), bottle-
brush squirreltail (Elymuselymoides (Raf.) Swezey), orchard-
grass (Dactylis glomerata L. ‘Piaute’), Lewis flax (Linum
lewisii Pursh ‘Appar’), small burnet (Sanguisorba minor
Scop. ‘Delar’) and antelope bitterbrush. All six species were
planted on the half with intact litter and all six on the half
withoutlitter. Each halfwas divided into sixequal areas and
each area was broadcast seeded with one of the six species at
a rate of 10 lb./acre pure live seed, except for antelope
bitterbrush. It was planted in five caches of five seeds at
equal distances (Vander Wall 1994). Seedling density was
monitored for two years (summers of 1996 and 1997).

Experimental design consisted of a split-split plot design,
with site being the main effect, tree and litter treatments as
subplots and zone pattern as sub-subplot. Percent cover and
recruitment data were arcsine transformed prior to analy-
sis. ANOVA was performed using the Statistical Analysis
System (SAS) computer program and a Fisher’s protected
LSD was used for mean separation (Ott 1993). Differences
were deemed significant when P < 0.05 unless otherwise
indicated.

Results

The study area had a combined Utah juniper and pinyon
pine overstory cover of 31.9 percent. Utah juniper cover was
20.5 percent and pinyon pine cover was 11.4 percent. Aver-
age understory vegetation and cryptogram cover through-
out the area were both very low at 8 percent and 1.5 percent,
respectively. The understory composition consisted of 44.2
percent perennial grass, 1.8 percent annual grass, 31.2
percent perennial forb, 12.3 percent annual forb and 10.6
percent shrub. Litter cover was the highest at 61 percent.
Bare ground and rock were 24.8 percent and 4.5 percent,
respectively.

Significant differences were found among the three zones
with respect to litter depth. The trunk, mid canopy and
interspace zones had mean + SD litter depths of 5.1+ 2.5 cm,
1.0 £0.8 ¢cm and 0.1+ .08 cm, respectively. Three distinct
zones were also found with respect to litter cover. Litter
cover decreased significantly from 89 percent in the trunk
zone to 76 percent in the mid canopy zone and finally to
26.6 percent in the interspace.
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Vegetative cover was very low throughout the study and
was not sensitive to the treatments or zone patterns. The
observed differences due to zone and treatments were neg-
ligible, in many cases less then 1 percent. These differences
were deemed insignificant from both a biological and land
management stand point and were therefore not reported in
this study. Nested frequency, by design, was more sensitive
to the abundance of rare species and was useful in determin-
ing treatment effects.

Nested frequency values were recorded from 0 to 5 with 5
indicating the highest abundance. Zonation patterns were
apparent around juniper trees (table 1). In some cases these
patterns were influenced by whether or not tree or litter
removal occurred. A significant (P = 0.06) tree by zone inter-
action was found with respect to total vegetation abundance
(fig. 1). Abundance was higher beneath the canopy than in
the interspace around living trees. On sites where tree
removal occurred, total vegetation abundance did not differ
among the three zones. Abundance of perennial and annual
grasses were found to be significantly higher beneath the
canopy compared to the interspace. A significant tree by
zone interaction (P = 0.04) (fig. 2) and litter by zone interac-
tion (P = 0.005) (fig. 3) occurred with respect to annual forb

abundance. On the tree control sites, annual forb abundance
was higher beneath the canopy than in the interspace.
However, on the sites where juniper removal occurred,
annual forb abundance was similar among all three zones.
The litter by zone interaction indicated that annual forb
abundance was similar among the three zones where the
litter was left intact. Following litter removal, annual forb
abundance increased in the trunk and mid canopy zones and
decreased in the interspace. Perennial forb and shrub abun-
dance did not differ among the three zones.

Tree removal had differing effects on plant abundance
(table 2). The tree by zone interactions of total vegetation
and annual forb abundance indicated that abundance in the
canopy zones decreased sharply following tree removal,
while abundance in the interspace showed aslight decline or
remained unchanged. Perennial grass and forb abundance
significantly decreased following tree removal, while annual
grass and shrub abundance remained unchanged.

Litter removal had a limited effect on plant abundance
(table 2). Abundance of total vegetation, annual grasses,
perennial forbs and shrubs were not affected by litter re-
moval. Perennial grass abundance significantly decreased
where litter removal occurred. As mentioned above, a litter

Table 1—Nested frequency values for vegetation groups according to three zones surrounding
individual Utah juniper trees in Spanish Fork Canyon, UT.

Total Perennial Annual Perennial Annual
Zone vegetation grass grass forb forb Shrub
Trunk Sl 0.8a" 0.2a 0.7a Sl 0.1a
Mid canopy Si 09a 02a 0.9b S 0.4a
Interspace Sl 0.5b 0.1b 0.7a Si 0.2a

*Values in columns followed by a different letter were significantly different at P < 0.05 using a protected Fisher's LSD.
Sl = A significant interaction occurred with either tree removal or litter removal, main effects not shown.
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Figure 1—Influence (P =0.06) of Utah juniper
canopy removal and zonation patterns on
total vegetation nested frequency values
(0-5) collected in a pinyon-juniper woodland
in Spanish Fork Canyon, UT.
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Figure 2—Influence (P = 0.04) of Utah juniper
canopy removal and zonation patterns on an-
nual forb nested frequency values (0-5) col-
lected in a pinyon-juniper woodland in Spanish
Fork Canyon, UT.
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Figure 3—Influence (P =0.005) of Utah juniper
litter removal and zonation patterns on annual
forb nested frequency values (0-5) collected in
a pinyon-juniper woodland in Spanish Fork
Canyon, UT.

Table 2—Nested frequency results for five vegetation groups inresponse
to Utah juniper canopy and litter removal from three sites in
Spanish Fork Canyon, UT.

Tree treatment Litter treatment

by zone interaction occurred with respect to annual forb
abundance. Litter removal led to an increase in abundance
in the trunk and mid canopy areas.

As with plant abundance, zonation patterns were found
around juniper trees with respect to seedling recruitment
(table 3). In some cases these patterns were again influenced
by whether or not tree or litter removal occurred. Recruit-
ment patterns of bluebunch wheatgrass and Lewis flax both
exhibited similar interactions (P = 0.02 and P = 0.003,
respectively) between zone and tree removal (fig. 4, 5).
Underneath intact tree canopies, recruitment was higher in
the trunk and mid canopy zones than in the interspace zone.
Inthetreeremoval areas, there was nodifference among any
of the zones.

Groups Control Removal Control Removal
Total vegetation SI Si 2.1a* 13a
Perennial grass 0.8a 0.6b 0.8a 0.6b
Annual grass 0.2a 0.2a 02a 0.1a
Perennial forb 09a 0.6b 0.8a 0.8a
Annual forb 09a 0.6b 0.8a 0.8a
Shrub 02a 03a 0.2a 0.3a

! QO.Q
\ Zone
0.8
9 \ -
9: 06 \ Trunk
g A ;s
% 04 v 0.4 \ e vanepy
g . - \ Irzarspace
T 0.2 o \
W01
00 . x6.6
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*Treatment values in rows followed by a different letter were significantly
different at P < 0.05 using a protected Fisher's LSD.

S| = A significant interaction occurred with zone pattern, main effects not
shown.

Table 3—Percent recruitment of seeded species according to three
zones surrounding individual Utah juniper trees in Spanish
Fork Canyon, UT.

Zone
Species Trunk Mid canopy Interspace
--------- Percent -----------
Bluebunch wheatgrass Sl Si Sl
Orchardgrass 0.4a" 02a 0.0a
Bottlebrush squirreltail Si Si Sl
Lewis flax Si Sl Sl
Small burnet 0.0a 0.0a 0.0a
Antelope bitterbrush 1.2a 46D 6.3b

* Values in rows followed by a different letter were significantly different at
P < 0.05 using a protected Fisher's LSD.

Sl = Assignificant interaction occurred with either tree removal or litter removal,
main effects not shown.
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Figure 4—Influence (P = 0.02) of Utah juniper
canopy removal and zonation patterns on
bluebunch wheatgrass seedling recruitment
(percent) seeded in a pinyon-juniper woodland
in Spanish Fork Canyon, UT.

1
09 Zone
0.8 \
= -
I \ Trunk
= 06
) \ v
g \ Mid Canopy
S 04 -
é 63 \ Interspace
0.2 \
0 00 \‘8‘3__
Control Remov

Tree Treatment

Figure 5—lInfluence (P =0.003) of Utah juniper
canopy removal and zonation patterns on Lewis
flax seedling recruitment (percent) seeded in a
pinyon-juniper woodland in Spanish Fork Can-
yon, UT.
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Asignificant litter by zoneinteraction (P = 0.02) was found
with respect to bottlebrush squirreltail recruitment (fig. 6).
On areas with intact litter, seedling recruitment decreased
with distance from the trunk. However, on areas where the
litter was removed no difference was found among the three
zones.

Antelope bitterbrush recruitment in the trunk zone was
significantly lower than in the mid canopy and interspace
zones (table 3). Orchardgrass and small burnet recruitment
patterns were not apparent due to the lack of recruitment
that occurred.

Tree removal had a more pronounced effect on seedling
recruitment than it did on native vegetation abundance
(table 4). Seedling recruitment of bluebunch wheatgrass,
bottlebrush squirreltail, Lewis flax and antelope bitter-
brush were all lower where tree removal occurred. In the
case of bluebunch wheatgrass and Lewis flax, tree removal
only caused a significant reduction in the area beneath the
canopy. Recruitment values in the interspace were not
differentbetween control and tree removal areas. The effects

2.5
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o 07
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Figure 6—Influence (P = 0.02) of Utah juniper
litter removal and zonation patterns on bottle-
brush squirreltail seedling recruitment (percent)
seeded in a pinyon-juniper woodland in
Spanish Fork Canyon, UT.

of tree removal on orchardgrass and small burnet were incon-
clusive due to the lack of recruitment on both treatments.

Litter removal did not have a very strong effect on seedling
recruitment (table 4). Bottlebrush squirreltail was the only
species that demonstrated any response to litter removal
(fig. 6). This response was limited to area beneath the tree
canopy. Canopy areas with litter had higher recruitment
than did canopy areas without litter.

Discussion

Zonation patterns around juniper trees have been re-
ported by several authors. Armentrout and Pieper (1988)
reported three zones around one seed juniper in Arizona.
They found a steady increase in basal vegetative cover
occurred as one moved out from the trunk into the inter-
space. Dye and others (1995) also reported three vegetation
zones around redberry juniper trees. They found that veg-
etative basal cover increased with distance from the trunk.
Everett and Koniak (1981) reported opposite findings in the
Utah juniper stands that they studied in Nevada. They
found that the trunk and mid canopy areas produced more
cover than did the interspace, with the mid canopy zone
being the most productive.

The findings of this study tend to support those of Everett
and Koniak (1981). Zonation patterns were apparent in this
area based on plant abundance, litter depth and litter cover.
Significant decreases in litter depth and cover from the
trunk out to the interspace supported the hypothesis of three
zones around an individual tree (Dye and others 1995;
Armentrout and Pieper 1988; Everett and Koniak 1981).
Plant abundance results differed, because two zones were
identified instead of the expected three. In most cases, the
trunk and mid canopy areas formed one zone and the
interspace formed the second. Greater vegetation abun-
dance was found beneath the canopy than in the interspace.

Total vegetation abundance was significantly different
between the tree canopy area and the interspace, even
though among the separate vegetation classes such patterns
were not consistent. Among the five vegetation groups abun-
dance was consistently lower in the interspace compared to
the canopy areas, although the differences were not always
significant.

Table 4—Percent recruitment of seeded species in response to Utah juniper canopy and
litter removal from three sites in Spanish Fork Canyon, UT.

Tree treatment

Litter treatment

Groups Control Removal Control Removal
Bluebunch wheatgrass Si Sl 02a" 0.1a
Orchardgrass 0.0a 0.0a 0.0a 0.0a
Bottlebrush squirreltail 09a 03b Si Si
Lewis flax St Sl 0.1a 0.1a
Small burnet 0.0a 00a 00a 0.0a
Antelope bitterbrush 75a 1.2b 43a 3.1a

* Treatment values in rows followed by a different letter were significantly different at P < 0.05 using

a protected Fisher's LSD.

St = A significant interaction occurred with zone pattern, main effects not shown.
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Seeding recruitment was extremely low and from a prac-
tical standpoint probably of little value. Nevertheless, the
response to the treatments were significant in some cases.
Theseresults can be seen as possible indications of what may
happen under more favorable circumstances. There were
two potential causes for the low seeding response. The first
was that the spring and summer of 1996 (growing season
following the fall seeding) were unusually dry (11 +3.9 cm of
summer precipitation was recorded in the area). This was
about 40 percent of the 5 year average of 17.6 £ 4.6 cm. The
drought that year not only affected the seeding response, but
probably also negatively affected the existing native vegeta-
tion. The second potential cause for low response was likely
poor seed to soil contact because the seed was broadcast and
not covered. The reason for not artificially covering the seed
was to attempt to simulate what might happen as a result of
natural seed dispersal. Unfortunately, this choice resulted
in three potential problems. The first being that adequate
seed to soil contact probably did not occur. Even if it did, the
seed was on the surface and thus subject to the greater
temperature and soil moisture fluctuations which can lead
to lower germination (Wilson and others 1970). The second
problem with not covering the seed was that it left them
exposed to movement by the wind. The final problem was
that of seed predation due to insects, birds and mammals
(Clements and Young 1996; Vander Wall 1994). All of these
factors probably contributed to the very low recruitment.

Zonation patterns of the seeded species were apparent.
Three of the six species, bluebunch wheatgrass, bottlebrush
squirreltail and Lewis flax, exhibited decreasing emergence
with increasing distance from the trunk. Bluebunch wheat-
grass and bottlebrush squirreltail both demonstrated the
two zone pattern, consisting of tree canopy and interspace.
Lewis flax emergence showed three zones instead of two,
with highest emergence in the trunk zone, followed by mid
canopy and then the interspace. Antelope bitterbrush dem-
onstrated an opposite trend with higher germination in the
mid canopy and interspace than near the trunk. No differ-
ences were found among zones for orchardgrass or small
burnet. This was most likely again due to the lack of recruit-
ment that occurred for these two species.

The findings of this study were contrary to those of a
majority of studies that have reported on the effects of
juniper on understory communities (Dye and others 1995;
Schott and Pieper 1985; Young and Evans 1981; Clary 1971).
The differences observed in this study as compared to previ-
ous ones may be due to differences among various juniper
species or differences in local environments (locales other
than foothills of central Utah).

In this study, it appeared Utah juniper had a positive
effect on vegetation beneath the canopy and little influence
on the interspace vegetation. Similar findings were also
reported by Everett and Koniak (1981) on Utah juniper
stands in Nevada and by Vaitkus and Eddleman (1991) in
western juniper stands.

Work done by Jackson and Caldwell (1993) with spatial
patterns around bluebunch wheatgrass and mountain big
sagebrush (Artemisia tridentata var. vaseyana) indicated
that “islands of fertility” often occur around perennial plants.
These islands are created due to increased amounts of
organic matter and nutrients that occur near the plant while
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the interspace is left essentially barren. On the scale of an
individual Utah juniper tree, in this area, it would seem that
such islands occur, due to increased plant abundance and
seedling recruitment beneath the canopy compared to the
interspace.

The interspace, around these “islands”, appeared to be a
more hostile environment. Several things can occur in the
interspace to make it a harsh environment. One such possi-
bility, that has been forwarded by several researchers, is
that competition for water and nutrients can occur in the
interspace. Arnold (1964) believed that the low productionin
the interspace around one seed juniper was due to competi-
tion for water. This competition can occur due to the exten-
sive lateral roots of juniper trees, which have been found to
extend out two or three times the height of the tree (Johnsen
1962). Young and Evans (1981) working with western juni-
per reported that even though the aerial canopy was not
closed, excavation of the interspace revealed that it was full
of juniper roots which in their opinion “...effectively closed
the stand.” Johnsen (1962) reported similar findings around
one seed junipers in Arizona. He found that lateral roots
occupied much of the interspace soil. He also reported one of
the highest concentrations of rootlets to be at the ends of the
lateral roots in the interspace. Further evidence of this
competition was reported by Evans and Young (1985). They
found anincreasein available soil moisture following control
of western juniper.

Another important factor is the difference in temperature
and humidity between the canopy and theinterspace. Johnsen
(1962) reported that both diurnal temperature and relative
humidity fluctuations were higher in the interspace than
beneath the canopy. Burkhardt and Tisdale (1976) reported
that average soil surface temperatures beneath western
Jjuniper reached 26° C while average soil surface tempera-
tures in direct sunlight in the interspace averaged 60° C.

Another difference that has been reported between the
canopy and the interspace is that of water infiltration, soil
nitrogen (N) content. Klopatek (1987) determined that soils
beneath Utah juniper in Arizona had a coarser texture, better
water retention and more available nutrients than did inter-
space soils. It has been reported that N, organic matter, Ca
and K are all higher under the canopy than in the interspace
(Doescher and others 1987; Brotherson and Osayande 1980).
Thus, competition for moisture and nutrients, more extreme
temperature and relative humidity fluctuations, differences
in soil moisture retention and soil nutrients all combine to
create a less hospitable environment for plant growth in the
interspace as compared to the canopy.

Of the above possibilities, it is most likely that the effect
of extreme temperature and soil moisture fluctuations were
the reasons for low plant response in the interspace in this
area. Higher plant abundance and seedling recruitment
beneath the canopy may have been due to less extreme
fluctuations there than in the interspace. The observed
effects of tree removal tend to support this. Plant abundance
and seedling emergence in the canopy area generally de-
creased to levels similar to that of the interspace following
tree removal, indicating that when the canopy is removed,
the understory area is subjected to the same extreme fluc-
tuations in temperature and soil moisture that characterize
the interspace zone.
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Juniper litter accumulations beneath the canopy have
been found to deter emergence of understory vegetation.
Horman and Anderson (1996) reported that antelope bitter-
brush and bluebunch wheatgrass emergence decreased as
Utah juniper litter depth increased. Likewise, Jameson
(1966), working with Utah juniper, and Johnsen (1962),
working with one seed juniper, both reported that juniper
litter reduced emergence of blue grama. It was expected
that following litter removal that plant abundance and
seedling recruitment would increase. As seen in the results,
the response was somewhat mixed. Overall, there was little
response to litter removal. Annual forb was the only excep-
tion to the generally low response. Annual forb abundance
did show a significant increase in the canopy areas following
litter removal, indicating that deep litter accumulations
may inhibit growth of some species beneath Utah juniper.

The low response, particularly the decrease in perennial
grass abundance, was probably due to the actual process of
litter removal. During the raking to remove thelitter enough
perennial grasses may have been inadvertently removed.
Koniak and Everett (1983) observed that the area under-
neath the canopy can act as a seed trap and was an impor-
tant source of seed reserves. Even though a more favorable
microsite had been developed with the litter removal there
simply may have been no seeds to adequately exploit it.

Seedling recruitment either showed no response to litter
removal, as was the case for bluebunch wheatgrass, or a
decrease in recruitment as did bottlebrush squirreltail,
Lewis flax and antelope bitterbrush. This agrees with the
results of Evans and Young (1970) and Young and Evans
(1977). Evans and Young (1970) found that some species,
such as cheatgrass (Bromus tectorum) and medusahead
(Taeniantherum asperum), had higher emergence under
litter than on bare ground. Young and Evans(1977) reported
that bottlebrush squirreltail emergence was poor on sites
where it was not covered whether by litter or bare soil. Litter
can act as a mulch which reduces temperature and moisture
fluctuations (Evans and Young 1970). It appeared that in
this study litter was of benefit to some of the seeded species.

Conclusions

This study classified two zonation patterns associated
with Utah juniper in central Utah, namely a canopy and
interspace zone. Total vegetation, perennial and annual
grasses and annual forb all had greater plant abundance
beneath the tree canopy than in the interspace. Perennial
forb and shrub abundance did not vary among zones.

Several of the seeded species exhibited higher emergence
beneath the canopy than in the interspace, these included
bluebunch wheatgrass, bottlebrush squirreltail and Lewis
flax. Antelope bitterbrush response differed in that higher
emergence was observed in the interspace and canopy edge
than near the trunk. Tree removal had no effect on annual
grass and shrub abundance. Tree removal did affect abun-
dance of total vegetation and perennial grass, perennial and
annual forbs, along with seedling recruitment. These effects
were tied closely to changes in zonation patterns. Following
tree removal, total vegetation and annual forb abundance
and seedling recruitment beneath the canopy decreased to
levels found in the interspace, leading to the idea that
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canopy cover was of benefit to the understory vegetation.
When the canopy was removed, the area was exposed to
greater fluctuations in temperature and soil moisture than
when the canopy was present.

Litter removal had a limited effect on plant abundance.
Nested frequency values indicated that annual forb abun-
dance increased with litter removal while perennial grass
abundance decreased. Litter removal findings were some-
what inconclusive because of the actual process of removing
the litter by raking. During litter removal, some perennial
plants, particularly grasses, were uprooted and some of the
seed reserves in the litter may have been removed.

Seeded species response to litter removal was somewhat
unexpected. Recruitment of bluebunch wheatgrass, Lewis
flax, and antelope bitterbrush showed no response to litter
removal. Bottlebrush squirreltail seedling recruitment de-
creased significantly where litter removal occurred. A dry
yearin 1996 and the seeding method of broadcasting and not
covering it contributed to an extremely low seeding response.

This study indicated that under certain conditions, such
as a drought, that Utah juniper canopy cover may actually
act as a nurse plant for the understory species. However, to
better understand the effect of Utah juniper canopy and
litter removal on understory species this study needs to be
continued to observe understory response over a wide range
of environmental conditions.
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Resurvey of the Vegetation and Soils of
Fishtail Mesa: A Relict Area in Grand
Canyon National Park, Arizona

N. J. Brian
P. G. Rowlands
D. A. Jameson

The vegetation and soils of Fishtail Mesa in Grand Can-
yon National Park, Arizona, were studied in May 1958 by
Jameson and others (1962) to provide management informa-
tion and comparison for similar, grazed areas on the main-
land’s Forest Service lands. Fishtail Mesa is a 1,084 acre
relict site at an elevation of about 6,000 feet, located in
Grand Canyon National Park. It is characterized by two
major plant communities: a pinyon pine-Utah juniper wood-
land and a sagebrush-mutton grass shrubland or steppe. A
resurvey was conducted in May 1996 to compare vegetative
change after 38 years and to evaluate the site for long-term
surveillance of ecological change. Seven and a half, perma-
nent 800 foot “elbs” or line-strip transects were established
in 1958; three and a half in the woodland and four in the
shrubland. Vegetative methodology included line intercept,
Parkerloopdata, tree data (including stem mapping, height,
and canopy spread within a 20 foot strip centered over the
transect) for all life stages, and three foot square plots
located every 100 feet along the line intercept. A soil survey,
landscape rephotography, comparison of historic aerial pho-
tography, estimates of mule deer population, floristic inven-
tory, and preliminary faunal survey of the mesa were also

In: Monsen, Stephen B.; Stevens, Richard, comps. 1999. Proceedings:
ecology and management of pinyon-juniper communities within the Interior
West; 1997 September 15-18; Provo, UT. Proc. RMRS-P-9. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station.

N. J. Brian is with the Science Center, Grand Canyon National Park,
Grand Canyon, AZ. P. G. Rowlands is with Resources Management, Organ
Pipe Cactus National Monument, Ajo, AZ. D. A. Jameson (retired) was with
the Rocky Mountain Range and Experiment Station and currently lives in
Trinidad, CO.
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completed. Global Positioning System coordinate data were
collected to document the elb locations.

The resurvey was made with participation of Jameson,
using the same methodologies. Direct comparisons with the
first survey are difficult due to the loss of the original field
data. Only the 1962 journal article summary is available.

Vegetation has not changed appreciably. On all elbs, a
minor increase was detected for both pinyon and juniper.
There is an apparent increase of pinyon seedling establish-
ment. On the shrubland elbs, sagebrush has declined and
mutton grass has increased, though the latter may reflect a
difference in the minimum measurement unit from 0.1 inch
in 1958 to 0.5 inch in 1996. Other species like joint-fir,
prickly pear, and snakeweed have decreased. No recent
evidence of wildfire was observed, though small groups of
standing dead junipers suggest that fires did occur 80 to 100
years ago.

This information along with field data, photography, and
herbarium samples will be archived in the Grand Canyon
National Park Museum Collection. We recommend the site
be established as a Federal Research Natural Area.
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Diversity with Successional Status in the
Pinyon-Juniper/Mountain Mahogany/
Bluebunch Wheatgrass Community Type
Near Dutch John, Utah

Allen Huber
Sherel Goodrich
Kim Anderson

Abstract—Alpha and beta diversity and vegetative cover for
Colorado pinyon (Pinus edulis Engelm.) and Utah juniper
(Juniperus osteosperma [Torr.] Little) understories of northerly
exposures are compared at varying successional stages before and
after disturbance. Plant diversity and species richness are highest
in seral communities of alder-leaf mountain mahogany and
bluebunch wheatgrass where pinyon and juniper canopy cover does
not exceed 20 percent. Following disturbance at these sites, the
response of native understory species was rapid and vigorous.
Timely disturbance within the pinyon-juniper woodland sere ap-
pears necessary in order to maintain a responsive, productive, and
diverse native understory. These studies indicate that pinyon-
Jjuniper canopy cover of about 20 percent is a critical point for the
maintenance of native understory species.

In the Great Basin, Everett (1987) noted that as pinyon-
juniper crown cover increases, cover, productivity, and den-
sity of understory species decrease. In the Green River
corridor of Daggett County, UT, similar relationships are
evident. On many northerly exposures in the area, plant
diversity and species richness are highest in seral communi-
ties where alder-leaf mountain mahogany (Cercocarpus
montanus Raf.) and bluebunch wheatgrass (Elymus spicatus
[Pursh] Gould) are commonly associated with approximately
50 other vascular plants. Where crown cover of pinyon-
juniper is less than 20 to 25 percent, response of these
native understory species is rapid and vigorous following
fire. When crown cover exceeds 30 percent, the understory
trends toward depletion and the initial response following
fire is slower and less vigorous. At 40 percent or more crown
cover, many of the understory plant species have been
purged from the community. Established stands of closed
pinyon-juniper severely deplete understory seed reserves.
Succession following fire in closed stands where crown cover
of pinyon-juniper exceeds 40 percent is largely dependent
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on seed migration to the site, creating ideal conditions
for cheatgrass (Bromus sps.) and other invasive exotic spe-
cies. Fire intervals frequent enough to maintain alder-leaf
mountain mahogany and bluebunch wheatgrass communi-
ties in the Green River corridor are indicated to maintain
native plant communities of high diversity and vigor.
Eventual disturbance in closed stands of pinyon-juniper
where understory communities have been depleted or
purged will likely result in site occupation by invasive
weeds or species seeded by land managers.

Study Sites

The study sites are located within the Green River corri-
dor in Daggett County of northeastern Utah. The corridor is
within the Uinta Mountain Section defined by McNab and
Avers (1994). The sites are within a land type composed of a
series of ridges and ravines formed by an alternate under-
lay of resistant Precambrian quartzite and highly erosive
shales. Within the Green River corridor, continuous and
many closed stands of Colorado pinyon (Pinusedulis Engelm.)
and Utah juniper (Juniperus osteosperma [Torr.] Little)
cover approximately 20,000 acres (8,100 ha) on the Ashley
National Forest, and these stands extend eastward well
beyond the National Forest boundary. Historically, seral
communities were maintained by wildfire. However, fire
suppression since the early 1900’s has maintained areas
already supporting mature pinyon and juniper trees and
has allowed pinyon and juniper to invade other areas domi-
nated by herbaceous plants and shrubs. Prescribed fire has
been used in the Green River corridor during the 1980’s and
1990’s to maintain viable and productive seral pinyon-
juniper communities and to improve overall forage and
habitat for big game animals. Livestock grazing was dis-
continued at the study sites in the mid-1960’s.

The land type on which the studies are located consists of
two phases that are primarily influenced by exposure. On
southerly exposures, native grass-forb communities are
common in the early seral stage and are later succeeded by
rubber rabbitbrush (Chrysothamnus nauseosus [Pallas]
Britt.) and mountain big sagebrush (Artemisia tridentata
var. pauciflora Winward and Goodrich). However, the po-
tential for cheatgrass (Bromus tectorum L.) invasion and
dominance on these exposures following disturbance is
high, especially if pinyon-juniper crown closure existed
prior to disturbance (Goodrich and Gale, these proceedings,
Goodrich and Rooks, these proceedings).
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Table 1—Site information for three study sites treated with
prescribed fire.

Study site number

6-1 6-2 6-21
Seral status® Late Mid Mid
Stand age (years)? 300 80 N/A
Year burned 1989 1993 1985

2Seral status and approximate stand age prior to prescribed burning.

Table 2—Site information for five study sites not treated with
prescribed fire.

Study site number
6-24B  6-24C  6-24E  6-24G  6-24H

Seral status Mid Mid Late Late Mid
Stand age (yrs) 70 150 215 140 N/A

On northerly exposures, early seral native grasses and
forbs are succeeded by a diverse shrub component con-
sisting of alder-leaf mountain mahogany, low rabbitbrush
(Chrysothamnus viscidiflorus [Hook.] Nutt.), snowberry
(Symphoricarpos oreophilus Gray), serviceberry (Amelan-
chier alnifolia Nutt.), and mountain big sagebrush. Ap-
proximately 50 native vascular plants are associated with
this community. Bluebunch wheatgrass is the principal
understory species. Cheatgrass is also present but gener-
ally at a much lower frequency than found on southerly
exposures.

This study includes eight study sites that are within
3.5 miles (north-northwest) of Dutch John, UT and are no
further than 2 miles apart. All are located on northerly
exposures with gradients between 20 and 35 percent.
Elevations for the sites range between 6,600 and 6,800 ft
(2,012 and 2,073 m). Mean annual precipitation for the
Dutch John area as indicated by the Flaming Gorge
Weather Station is 12.50 inches (31.75 cm), of which 63
percent is from April through September (Ashcroft and
others 1992).

Three of the eight study sites were burned by helitorch
and aerial seeded in a cooperative project between the Utah

Division of Wildlife Resources and the Ashley National
Forest. Both northerly and southerly exposures were burned.
The intensity and spread of fire was sufficient to achieve
essentially 100 percent mortality of pinyon and juniper
within the perimeter of each burn. Ring counts of pinyon and
juniper trees at most of the study sites were used to approxi-
mate stand age (tables 1 and 2).

Methods and Results

A total of one hundred 19.69 by 19.69 inch (50 by 50 cm)
sample plots were established along five permanently
marked 30.5 m (100 ft) beltlines at each of the study sites.
Quadrat frequency was determined for all plant species at
most of the study sites as outlined by the U.S. Department
of Agriculture, Forest Service (1993). Alpha (number of
species per quadrat) and beta (total number of species) plant
diversity was determined from quadrat frequency. Four
hundred point samples were read at each study site to
determine ground cover. Crown cover of woody species was
also measured by line intercept along each of the five
beltlines. Pre-burn and post-burn data was obtained from
study sites 6-1 and 6-2 (tables 3 and 4).

Data was taken from study site 6-2 before burning (1993)
and 2 and 4 years after burning (1995 and 1997). Initial
response of native understory species following fire at
study site 6-2 was rapid and vigorous. Nearly all native
species present before the burn were present after the burn.
Of the shrubs, only mountain big sagebrush was absent
following fire. A noticeable increase in alpha and beta was
observed 4 years after burning. Some of the increase in beta,
and possibly alpha, is due to the presence of seeded and
annual species (table 4). All but two of the grass species
increased in frequency from 1995 to 1997. Bluebunch wheat-
grass was found with the highest frequency. Seeded grasses
are present but are not dominant components at the site.
Four years after burning, ground cover reached 85 percent
of pre-burn potential and alder-leaf mountain mahogany
recovered to nearly 85 percent of its pre-burn crown cover.

At study site 6-1, where crown cover of pinyon-juniper
was about 60 percent before burning, the understory commu-
nity had been reduced by pinyon and juniper competition.
Initial response of native species after fire was sluggish at
best. The increase in plant diversity is due to the presence

Table 3—Comparison of diversity, ground cover, and woody species crown cover pre-fire and post-fire at study sites 6-2 and 6-1.

Diversity Ground Woody species crown cover®

Study Year Alpha Beta cover P-J CEMO AMAL SYOR ARTR CHVI
-------------------------- Percent-------eeecmcccencnennnn-

6-2 1993 7.9 51 95 11.2 11.4 44 8.8 10.9 0.6
6-2 1995 7.6 55 48 0.0 7.5 1.6 8.4 0.0 34
6-2 1997 8.3 68° 74 0.0 9.5 26 10.5 0.0 2.0
6-1 1989 1.4 17 84 62.3 1.0 0.0 0.0 0.0 0.0
6-1 1993 4.7 38¢ 57 0.0 0.0 0.0 0.0 0.0 0.0

#P-J = pinyon-juniper, CEMO = Cercocarpus montanus, AMAL = Amelanchier alnifolia, SYOR = Symphoricarpos oreophilus, ARTR = Artemisia

tridentata, CHVI = Chrysothamnus viscidiflorus.
bSixteen of the 68 species were either seeded or were annuals.
°Eighteen of the 38 species were either seeded or were annuals.
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Table 4—Comparison of number of species pre-fire and post-fire at study sites 6-2 and 6-1.

Number of species

Study Year Graminoids Forbs Shrubs Seeded Annuals
6-2 1993 10 31 8 0 5
6-2 1995 13 36 6 6 9
6-2 1997 18° 43° 7 6 10
6-1 1989 4 10 2 0 0
6-1 1993 11° 259 3 6 12

*Of the 18 graminoid species, four were seeded and two were annuals.
*Of the 11 graminoid species, five were seeded and one was an annual.

“Of the 43 forbs species, two were seeded.
¢Of the 25 forb species, one was seeded.

of seeded and annual species. Seeded grasses and annuals
recorded high frequencies in 1993. Alder-leaf mountain
mahogany and bluebunch wheatgrass are represented (fre-
quency values of 2 and 1) at the study site but are minor
components in the present community. Ground cover was
nearly 70 percent of pre-burn potential.

Data obtained from eight study sites indicate that as
crown cover of pinyon-juniper increases, alpha and beta
diversity and crown cover of alder-leaf mountain mahogany
decrease (table 5). Alpha and beta values were high and
remained stable to 20 to 25 percent pinyon-juniper crown
cover. Under these conditions, alder-leaf mountain ma-
hogany increased in crown cover. Alpha and alder-leaf
mountain mahogany crown cover showed decline at about
30 percent pinyon-juniper crown cover. At 50 percent crown
cover, alpha and beta were significantly reduced, and alder-
leaf mountain mahogany had been essentially purged from
the community.

Discussion and Management
Implications

Initial response of native understory species following fire
correlates closely with the percent crown cover of pinyon
and juniper trees. Our studies indicate that the understory
is most productive, diverse, and responsive to disturbance
when pinyon-juniper crown cover is at or below 20 percent.
Initial response following fire at study site 6-2 was rapid

and vigorous. The annual stage described by Barney and
Frischknecht (1974) was essentially bypassed, and the pe-
rennial grass-forb stage wasrelatively short (approximately.
2 years). Alpha and beta had recovered to pre-burn levels.
Most of the shrubs present at the site sprouted after fire,
and alder-leaf mountain mahogany had nearly reached
pre-burn crown cover in only 4 years.

When pinyon-juniper crown cover exceeds 20 to 30 per-
cent, thinning of the understory seems to accelerate. The
data indicate that beta remains stable but alpha begins to
decline. Beyond 30 percent, there is a rapid decline in
understory species and substantial decrease in alder-leaf
mountain mahogany crown cover. By the time pinyon-
juniper crown cover reaches 50 percent, the understory and
soil seed reserves have been depleted, and many plant
species have been purged from the community. Crown cover
of alder-leaf mountain mahogany appears to be a positive
indicator for vascular plant diversity while crown cover of
pinyon and juniper appear to be negative indicators.

Our studies indicate that succession and management of
pinyon-juniper woodlands of the Green River corridor can
be correlated with percent crown cover of pinyon and
juniper trees. Age of stand appears to be a less reliable
indicator (compare stand ages and pinyon-juniper crown
cover percentages for study sites 6-24C, 6-24E, 6-24G, and 6-
1). Fire intervals that keep pinyon-juniper crown cover
below 20 to 25 percent is indicated to maintain responsive,
productive, and diverse alder-leaf mountain mahogany
and bluebunch wheatgrass communities. Our findings

Table 5—Alpha and beta diversity and crown cover of shrubs and alder-leaf mountain mahogany (CEMO)
in relation to crown cover of pinyon and juniper (P-J).

Diversity Total shrub Crown cover
Study site Year Alpha Beta crown cover CEMO P-J

------------ Percent------------
6-2 1993 7.9 51 36.4 11.4 11.2
6-2 1995 7.6 55 211 7.5 0.0
6-2 1997 8.3 68 24.8 9.5 0.0
6-21 1993 9.1 49 23.0 12.1 0.0
6-24B 1997 7.2 62 38.7 29.6 18.5
6-24H 1997 N/A N/A 275 229 271
6-24C 1997 4.5 50 216 12.7 29.2
6-24E 1997 32 37 0.9 0.9 53.9
6-24G 1997 2.7 30 0.2 0.0 62.1
6-1 1989 1.4 17 1.0 1.0 62.3
6-1 1993 4.7 38 0.6 0.0 0.0
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concur with Doughty (1987) who reported that understory
species begin to decline when trees reach one-third of their
climax potential (approximately 20 percent crown cover).
Where understory species have been depleted or purged
from the community, invasive species such as cheatgrass
can be expected to occupy these sites after disturbance if
seeding is not used to control their invasion.
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Diseases and Environmental Factors of the
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Abstract—The pinyon-juniper woodland is the dominant ecosys-
tem in Utah. While itis a very successful ecosystem, it is not without
its disease problems. The limiting soil nutrients appear to be
nitrogen, phosphorous, and potassium. Temperature and moisture
gradients are limiting factors in the growth of pinyon and juniper.
Juniper decline appears to be related to drought and tempera-
ture stress and increased salts. A number of pathogens occur on
Pinus edulis and Juniperus osteosperma. The most frequent patho-
gens on junipers are the rust fungi. Mistletoe was more common on
pinyon than juniper but mistletoe infection has an impact on both.

The pinyon-juniper woodland is a widespread vegeta-
tion type in the Southwestern United States that is esti-
mated to cover from 40 to 50 million hectares (Allred 1964;
Tausch and Tueller 1990). The pinyon-juniper vegetation
provides a source of fuel, building materials, charcoal, pine
nuts, Christmas trees, and folk medicines (Cronquist and
others 1972; Gallegos 1977; Hurst 1977; Lanner 1975;
Tueller and others 1979). About 80 percent of the acreage is
grazed by livestock and wildlife (Bunderson and others
1986b; Clary 1975). In Utah, this ecosystem is a large
component (62,705 km? or 28.6 percent) of the vegetation
(Kuchler 1964). The pinyon-juniper woodlands are valued
for their watershed, aesthetic, and recreational values
(Gifford and Busby 1975). The pinyon-juniper woodlands
alsohave arange of diseases. They range from non-pathogen
types (environmental factors) to specific pathogens. Both
types will be discussed in this paper. The purpose of this
manuscript is to review the non-pathogenic factors and
pathogens present in pinyon-juniper woodlands.
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