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Forward

The purpose of this progress report is to provide an update of recently
completed and ongoing research programs at the Eastern Oregon Agricultural
Research Center (EOARC), located in Burns, Oregon. Oregon State
University’s Agricultural Experiment Station (AES) and the U.S. Department
of Agriculture’s Agricultural Research Service (ARS) jointly fund the center.
The mission of the EOARC is to develop agricultural and natural resource
management strategies that maintain or enhance intermountain ecosystems
by integrating agricultural production with sound ecological practices.

The research presented in the report covers a wide array of topics, including
ecology and management of sagebrush steppe, western juniper woodlands,
and riparian zones; weed ecology and management; livestock nutrition,
production, and management; and wildlife-grazing interactions. Because this
is a progress report, many of the results reported are not final. For this reason
the information provided should not be published or used without the
permission of EOARC. For additional information about any study or
subject area please contact the authors in this report.



Authors’ (EOARC)

Raymond Angell, Rangeland
Scientist, USDA-ARS

Jon Bates, Rangeland Scientist,
USDA-ARS

David Bohnert, Associate Profes-
sor, OSU, Department of Animal
Sciences

Chad Boyd, Rangeland Scientist,
USDA-ARS

Michael Carpinelli, Weed Ecologist,
USDA-ARS

Dave Courtney, Technician, OSU

Tom Currier, Graduate Student,
OSU, Department of Animal
Sciences

Kirk Davies, Graduate Student,
OSU, Department of Rangeland
Ecology and Management

Stephanie Falck, Laboratory Techni-
cian, USDA-ARS

Michael Fisher, Graduate Student,
OSU, Department of Animal
Sciences

Kevin France, Graduate Student,
OSU, Department of Rangeland
Ecology and Management

David Ganskopp, Rangeland
Scientist, USDA-ARS

Karl Hopkins, Range Technician,
USDA-ARS

Richard Miller, Professor, OSU,
Department of Rangeland Ecology
and Management

Christopher Schauer, Graduate
Student, OSU, Department of
Animal Sciences

Roger Sheley, Weed Ecologist,
USDA-ARS

Tony Svejcar, Research Leader and
Rangeland Scientist, USDA-ARS

Mitch Willis, Research Assistant,
OSuU

Lori Ziegenhagen, Range Techni-
cian, USDA-ARS

Outside Colluborators

Dale Brown, Seed Analyst, OSU,
Department of Crop and Soil
Science, Corvallis, Oregon

Paul Doescher, Professor, OSU,
Department of Rangeland
Ecology and Management,
Corvallis, Oregon

Emily Heyerdahl, USDA Forest
Service, Rocky Mountain
Research Station, Fire Sciences
Laboratory, Bozeman, Montana

James Jacobs, Graduate Research
Assistant, Montana State Univer-
sity, Bozeman, Montana

Jane Krueger-Mangold, Graduate
Research Assistant, Montana State
University, Bozeman, Montana

Stephen Laufenberg, Graduate
Research Assistant, Montana State
University, Bozeman, Montana

Rick Lawrence, Remote Sensing
Specialist, Department of Land
Resources and Environmental
Sciences

Casey Matney, Graduate Student,
OSU, Department of Rangeland
Ecology and Management,
Corvallis, Oregon

Fred Pierson, Hydrologist, USDA-
ARS, Northwest Watershed
Research Center, Boise, Idaho

Monica Pokorny, Graduate Research
Assistant, Montana State Univer-
sity, Bozeman, Montana

Mark Reynolds, Graduate Student,
OSU, Department of Rangeland
Ecology and Management,
Corvallis, Oregon

Elizabeth Roberts, Graduate
Research Assistant, Montana State
University, Bozeman, Montana

Tamzen Stringham, Assistant
Professor, OSU, Department of
Rangeland Ecology and Manage-
ment, Corvallis, Oregon

David Thomas, Professor, OSU,
Department of Statistics, Corvallis,
Oregon

Shana Wood, Graduate Research
Assistant, Montana State Univer-
sity, Bozeman, Montana

* Affiliation at time of research



Contents

Juniper Ecology and Management
Fire Regimes and Modern Expansion of Western Juniper in

Northeastern California .......c.ccoeeeeveevenineeceninineeeeeceeene e 1
Herbaceous Response to Burning of Cut Juniper ...........cccceecveeeveenveenneens 4
Long-term Plant Succession after Juniper Cutting ...........cceccevveevieneeneennen. 6
Juniper Control Using Combinations of Cutting and Prescribed Fire.......... 9
Runoff and Erosion in Juniper Woodlands ...........cccceveevieniininnienennens 12
Nitrogen Cycling in Cut Juniper Woodlands ............cccevevininniencnennennn, 14
Sagebrush Ecology
Wyoming Big Sagebrush Cover Types in Eastern Oregon: Ecological

Potentials and Sage-grouse Guideline Habitat Requirements................ 16
Mountain Big Sagebrush Reestablishment Following Fire ....................... 18
Carbon Dioxide Flux on Sagebrush Rangeland in Eastern Oregon........... 20

Effects of Altered Precipitation Timing on
Sagebrush-steppe COMMUNILIES ........cceecverrerrerrerrerneneesresresnerenenenns 22

Weed Ecology and Management

Russian Knapweed Control Is Improved by Mowing Prior to

Fall Herbicide AppliCation...........cvevveeriierieeriieiieieeieeieesieeseeseeseesseens 24
Grazing as a Management Tool for Perennial Pepperweed....................... 25
Seed Development of Perennial Pepperweed Plants Growing in

FI00d MEaAOWS .....oouiiiiiiiiiiiieieeeee et 26
Integrating 2,4-D and Sheep Grazing to Rehabilitate Spotted

Knapweed-infested Rangeland.............cccooeeiieniiiiiiiniieciecee e, 28

Identification of the Limiting Resource within a Semi-arid
Plant ASSOCIALION .....eeeueieiieiieiieie ettt ettt et ettt eeeens 30

Using Sampling and Inverse Distance Weighted Modeling for
Mapping Invasive Plants .........c.ccccoeevviiiiieeiiiniisececce e 32

Plant Species Diversity in a Grassland Plant Community:

Evidence for Forbs as a Critical Management Consideration................ 34
Restoring Species Richness and Diversity in a Russian

Knapweed-infested Riparian Plant Community Using Herbicides....... 36

Herbicide Effects on Density and Biomass of Russian Knapweed
and Associated Plant SPecies.......c..ccvvvercieeerieiriieniierieesiee e 38

Mapping Leafy Spurge and Spotted Knapweed
Using RemOte SeNSING.......coceeiiiiieiienieniienieneesieesie et 40



Livestock Nutrition
Beet Pulp Supplementation of Heifers Grazing

Native FIood Meadow ........ccceviiriiiienieniiesieterieeeesee e 42
Mineral Concentration Patterns among Our Major

Rangeland Grasses.........occvecviecuieriienieesieeieesteeieeieeieesseesteesseeseeseenseens 43
The Nutritional Dynamics of Our Major Rangeland Grasses.................... 46

Effect of Crude Protein Supplementation Frequency on Performance
and Behavior of Cows Grazing Low-quality Forage..........c...cccevveunnee. 48

Effect of Ruminal Protein Degradability and Supplementation Interval
on Nutrient Utilization and Performance of Ruminants Consuming

Low-quality FOTage .........cocvieiiiiiieiieciee e 50
A Nutritional Calendar for Forage Kochia.............ccccoevivviencieiciecieee. 52
Management Considerations for Use of Perennial Ryegrass Straw

as a Forage Source for Beef Cattle .........ccooceeiiriiniiiiiiiiceceee 54

Daily and Alternate-day Supplementation of Natural Protein
and Non-protein Nitrogen to Ruminants Consuming
Low-quality FOTage .....cecoveciieiieiieieeieeieeeeeeie et 55

Grazing Management

Improving Late-summer and Winter Forage Quality with
Livestock Grazing........ccoecvecuiecieesiieiieesieeieecieeieeieesieesseeteesseesseeseeneeens 57

Regrowth of Herbaceous Riparian Vegetation following Defoliation....... 59
Altering Beef Cattle Distribution within Rangeland Pastures with Salt

ANA WALET ...ttt st 61
Will Spring Cattle Grazing among Young Bitterbrush Enhance

Shrub GrOWth?......oceiiieieee s 64
Does Wolfy Forage Affect Cattle Distribution in

Rangeland Pastures?..........ccvevvieiiieiiieeiic ettt evee e 66
Grazing following Juniper Cutting ...........cccceeeeriiiriiiieeieeee e 68
Riparian Ecology
A Visual Obstruction-based Technique for Photo Monitoring of

WILOW CIUMPS ...eviiiiieciiieciie ettt et et eveeevaeeane s 70

Using Felled Western Juniper to Exclude Willows from Herbivory.......... 73
The Thermal Characteristics of Hydrologically Intact Type C and E

Streams in Eastern OT€gOm .......co.eveevierinirienienieneeteieeeeeeseeeeeeees 75
Wildlife
Interspace/Under-canopy Foraging Patterns of Beef Cattle in

Sagebrush COMMUNITIES .......covvervirierienieneeteere et 77
Sage-grouse Winter Habitat Use and Survival............c.ccccoiiniiininnnn, 79

Cumulative Impacts of Spring Elk Use on Steppe Vegetation................... 81






Fire Regimes and Modern Expansion of Western Juniper
() () ]

in Northeastern California
Rick Miller, Emily Heyerdahl, and Karl Hopkins

Introduction

Western juniper has occupied its
historical range for the past 5,000
years, based on macrofossils.
During this time period, the range
of western juniper has expanded
and contracted in response to
variation in climate and fire.
However, since the late 1800s it is
expanding its range and increasing
in abundance at rates exceeding
those of any expansion during the
previous 5,000 years. Specifically,
over 90 percent of modern western
juniper woodlands have developed
in the past 100 years. Today, west-
ern juniper occupies 3.5 million
acres in northeastern California and
5 million acres in eastern Oregon.
The Lava Beds National Monu-
ment in northeastern California has
instituted a prescribed fire program
in response to its concerns over the
recent expansion of western juniper,
the loss of presettlement plant

communities, and an increase in
fuel loads. However, the lack of in-
formation on historical fire regimes
and plant succession dynamics fol-
lowing fire has limited the National
Park Service’s (NPS) ability to
design and implement a prescribed
fire program that simulates histori-
cal conditions and restores grass-

land and shrub-steppe communities.

Objectives and Methods

Our objectives were to answer
the following questions for plant
associations currently occupied by
western juniper in the Lava Beds
National Monument:

1. How frequent and severe were
presettlement fires (before ca.
1870), and did fire regimes vary
among the plant associations?

2. What plant communities were
likely maintained under different
fire-return intervals?
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Figure 1. Establishment of western juniper by decade in the Lava Beds National

Monument, California.

3. To what degree have juniper
woodlands expanded since the
late 1800s?

To achieve our objectives, we
first identified six plant associa-
tions. To characterize the vegetation
that currently exists in these plant
associations (i.e., post-settlement
vegetation), we measured plant
characteristics at 18 sites', which
were stratified by plant associa-
tion and time-since-last-fire. We
inferred presettlement vegetation
in these plant associations from
post-settlement vegetation, histori-
cal fire regimes, and a model of the
rate of post-fire succession that we
developed from chronosequences
of existing vegetation (Fig. 1). We
reconstructed historical fire regimes
from fire scars, the establishment
dates of post-fire cohorts of trees,
and the death dates of trees killed
by fire.

Results and Discussion

Western juniper has significantly
increased in abundance and
encroached on grassland and shrub-
steppe communities across the Lava
Beds National Monument (Fig. 1).
Our data suggest that fire regimes
have dramatically changed in the
more productive plant associations
characterized by Idaho fescue and
that western juniper is a newcomer,
encroaching into these communities
since the late 1800s. The expansion
of western juniper coincides with
the reduced role of fire in the late
1800s.

! Site is an area representing a plant

association by time-since-fire combination,
which is floristically and structurally similar.



Ponderosa pine/ldaho fescue
plant association. Mean presettle-
ment fire-return intervals were 8—10
years, which maintained a scattered
stand of ponderosa pine with an un-
derstory of Idaho fescue. Following
a fire-free period of near 100 years,
plant communities have succeeded
from mountain big sagebrush/bit-
terbrush to a dense canopy of
mountain mahogany, and currently
are in transition to western juniper
woodland (Fig. 2).

Mountain big sagebrush-Bitter-
brush/Idaho fescue and Mountain
big sagebrush-Bitterbrush/Blue-
bunch wheatgrass-Idaho fescue
plant associations. We inferred
from the data that mean fire-return
intervals in the remaining two
mountain big sagebrush plant as-
sociations containing Idaho fes-
cue were less than 20 years. The
absence of fire has resulted in shrub
canopies exceeding 40 percent and
the gradual transition to western
juniper woodland. Fire-return in-
tervals of less than 20 years would
have maintained a dynamic state
of grass-dominated to open shrub
grasslands (Fig. 3). Western juniper
was not a part of the presettlement
vegetation.

Mountain big sagebrush/Blue-
bunch wheatgrass-Thurber’s
needlegrass plant association. The
existing vegetation suggests that the
presettlement fire regime was suf-
ficient to limit the establishment of
large mature western juniper trees.

Figure 2. Presettlement fire-return
interval in the ponderosa pine/ldaho
fescue plant association (a and b) was
8-9 years. Last fire event was 1893 (a),
1904 (b), and early 1990s (c). Stands
a and b currently are dominated by
mountain mahogany and young juniper.
Stand c is dominated by Idaho fescue
and bluebunch wheatgrass that would
have persisted under the presettlement
fire regime.




The maximum fire-free interval that
limits western juniper encroachment
is estimated to be 50 years. Mature
western juniper trees were not part
of the presettlement vegetation in
this plant association, based on the
current lack of live or dead mature
western juniper trees. However, this
plant association is currently oc-
cupied by early to mid-successional
western juniper woodland. The
oldest trees on the site we sampled
were established in the late 1800s
with a second pulse following a fire
in 1941. Plant community structure
maintained under the past fire re-
gime would have been a dominance
to codominance of shrubs with a
codominant to subdominant layer of
perennial grasses.

Curl-leaf mountain mahog-
any-Bitterbrush-Mountain big
sagebrush/Bluebunch wheatgrass-
Western needlegrass plant associa-
tion. In contrast, infrequent (150
years), high-intensity fires burned
through this plant association,
which could result in stand replace-
ment. Plant communities were in a
continual state of change between
shrub-steppe and western juniper
woodland, and western juniper
trees were part of the presettlement
vegetation. Periodic fires probably
were supported by several years of
wetter-than-average conditions pre-
ceding the fire event, which allowed
the build-up of fine fuels and severe
weather conditions during the fire
event.
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Figure 3. Model of the rate of post-fire succession from grassland to shrub-steppe
to western juniper woodland. Percent composition is derived from measured cover
of existing herb (i.e., grass), shrub (excluding curl-leaf mountain mahogany), and
overstory layer (i.e., trees, western juniper, plus curl-leaf mountain mahogany)

at Lava Beds National Monument. Moist sites are those plant associations that
contain Idaho fescue, arid sites are those that contain western needlegrass.

Conclusions

Our vegetation composition, tree
age distribution, and fire history
data suggest that, across the south-
ern half of the Lava Beds National

Monument:

* Historically, fire regimes were
heterogeneous, varying across
plant associations and ranging
from frequent, low-severity to in-
frequent, high-severity regimes.

* These fires historically prevented
the development of western juni-
per woodlands across most, but
not all, of the six plant associa-
tions that we studied.

* As a consequence of recent fire
exclusion, western juniper has
greatly expanded since the late
1800s.

* In the continued absence of fire,
most plant associations eventual-
ly will be dominated by western
juniper and hence will be outside
their range of historical variation
in vegetation composition and
structure.

These data currently are being
used by the NPS in the development
of their long-term fire management
plan. The fire plan takes into ac-
count in which plant communities
western juniper has encroached be-
cause of the reduced role of fire and
in which plant communities western
juniper already was part of the plant
association. This work also suggests
that fire-return intervals of less than
20 years are required to maintain
grasslands and less than 50 years to
maintain shrub-steppe communities

(Fig. 3).



Herbaceous Response to Burning of Cut Juniper

Jon Bates and Tony Svejcar

Introduction

Cutting of western juniper to
increase cover and productiv-
ity of understory vegetation is a
commonly applied practice in the
northern Great Basin. Cut trees
have typically been left on site and
can cover a considerable portion of
an area. In a stand that averaged 26
percent tree cover, juniper debris
after cutting represented 20 percent
of the area. Juniper debris impacts
understory growth and successional
processes in drier communities rep-
resented by big sagebrush/Thurber’s
needlegrass. In these communities,
cheatgrass preferentially establishes
under cut trees and may become
a management concern if a site
lacks an adequate native perennial
response. Squirreltail establishes
quickly in debris zones and tends
to be the main perennial grass for
extended periods. We also have
measured declines in Thurber’s
needlegrass density under cut trees.

Experimental Protocol
Management of juniper debris
after cutting has received limited
attention. We investigated the ef-
fects of burning juniper debris after
cutting on mortality and response
of understory vegetation (Fig. 1).
The study was conducted on Steens
Mountain, Oregon; the following
treatments were applied: 1) a con-
trol that was cut but unburned, 2) a
cut treatment burned the first year
after cutting, and 3) a cut treatment
burned the second year after cut-
ting. Burning was conducted during
the winter when soils and surface

Figure 1. Debris burning in late winter, Steens Mountain, Oregon, 1998.

litter were frozen and/or saturated.
Burns were cooler than they would
have been had they been conducted
in fall with dry soil conditions.

Results and Discussion

In the first 2 years after cut-
ting, with or without winter debris
burning, there was no difference
among treatments in perennial grass
density. Perennial grass density in
all prescriptions declined by 40—60
percent the first year after treatment
(Fig. 2). However, in subsequent
years perennial grass density and
cover increased faster under burned
debris than unburned debris, par-
ticularly Thurber’s needlegrass and
bluebunch wheatgrass. Increases
in squirreltail density did not differ
among treatments. We hypothesized
that reducing the amount of litter on
site by burning would reduce annu-
al grass establishment under debris.
This has not occurred. Annual grass
increased similarly among burned

Figure 2. Burned debris location in
spring 1998, Steens Mountain, Oregon.
There has been about a 50 percent
reduction in perennial grass density.
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Figure 3. Density (plants/m?) changes of perennial grasses from 1997 to 2000.
Pretreatment values are in 1997. Debris burning stimulated a faster perennial

grass response than unburned debris.

and unburned treatments. Perennial
forbs responded favorably to the
burn treatments. Cover and density
of perennial forbs were significantly
greater in burned prescriptions than
unburned. Bare ground was signifi-
cantly greater in the first year burn
treatment as a result of reduced
amounts of juniper litter.

Winter debris burning had several
positive outcomes. Burning was
successful at removing 70—100 per-
cent of fine litter. Burning opened
debris zones and stimulated rapid
recovery of perennial grasses and
forbs. This response may be a result
of increased light levels and nutri-
ent availability. Growing season
was also lengthened in burned
debris areas compared to unburned
debris and interspace zones. It
appears that surface debris and
reduced light levels inhibit germina-
tion and/or establishment of some
plants. Unburned debris tended to
smother perennial forbs and grasses
(except squirreltail) and reduce their
establishment.

Management Implications

Burning juniper debris piles in the
winter when soils were wet was not
detrimental to understory recov-
ery. Mortality of perennial grasses
was not increased and our results
indicate that herbaceous recovery
may be enhanced. The difficulties
associated with winter debris burn-
ing were mainly in its application.
Fuel continuity was poor and burn-
ing from tree to tree was required,
which was time consuming. How-
ever, for safety and liability issues
this is an advantage, as fire is un-
likely to become out of control and
escape. Trees also require adequate
drying time to burn in the winter. In
a small test, we found that trees cut
after mid-September stayed green
through the first winter and would
not burn.



Long-term Plant Succession after Juniper Cutting

Jon Bates, Rick Miller, and Tony Svejcar

Introduction

The expansion and development
of western juniper woodlands is of
significant concern in the northern
Great Basin. Woodland dominance
can result in reduced wildlife diver-
sity, increased erosion and runoff,
and reduced understory productiv-
ity and diversity of shrub-steppe
plant communities. To address these
undesirable consequences, western
juniper has been controlled by a
variety of treatments. Current
control methods are primarily
prescribed fire and hand cutting
using chainsaws. Control of juniper
increases availability of soil water

PR
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and nutrients and thus commonly
results in large increases in biomass
and cover of herbaceous species.
There is a lack of long-term, post-

Figure 1. Woodland plot, 1991, before trees were cut, Steens Mountain, Oregon.
Bareground and rock in the interspace is 95 percent. Herbaceous plant cover is
about 4 percent.

treatment assessments of fire or cut-
ting in the western juniper system.

Experimental Protocol

The purpose of this study was
to evaluate long-term vegetation
changes after cutting of western
juniper. This study was conducted
from 1991 through 2003 on private
land on Steens Mountain in south-
east Oregon. Cut treatments consist-
ed of cutting all the trees on 1-acre
plots. We then compared changes in
herbaceous and shrub composition
between cut and uncut woodlands.
Juniper had dominated this site,
thereby eliminating the shrubs and
suppressing herbaceous species

(Fig. 1). Juniper tree density was
100 trees per acre prior to cutting.
In the cut treatment we also com-
pared herbaceous response among
three zones (old canopy, under-ju-
niper debris, and intercanopy) and
evaluated how quickly shrubs and
juniper reestablish after cutting.

Figure 2. Cut plot in 1993, 2 years after junipers were felled, Steens Mountain,
Oregon. By 2003, cover of herbaceous plants was 28 percent and litter cover was
12 percent. Bareground in the interspace in 2003 was 53 percent.



Results and Discussion

Cutting resulted in increased total
herbaceous biomass and cover and
density of perennial grasses when
compared to the woodland (Fig.

2). Density of perennial grasses in-
creased from 2 plants/yd* in 1991 to
10-12 plants/yd? in 1997 and 2003.?
Perennial grass density was about
five times greater in the cut com-
pared to the woodland. Herbaceous
biomass has, since 1993, been about
10 times greater than biomass val-
ues in the woodlands (Fig. 3). Bio-
mass increased about 300 percent
between 1993 and 2003 in the cut
treatment. Biomass and perennial
grass density did not change
significantly between 1997 and
2003, suggesting that it took about
6 years for understory vegetation to
fully develop and occupy the site.

It appears that a minimum of two

2 Perennial grasses included bluebunch
wheatgrass, squirreltail, Thurber’s
needlegrass, and Indian ricegrass.
Sandburg’s bluegrass is a perennial grass
but was not included in this total.

plants/yd?*are necessary to success-
fully recover this site with desirable
species.

Within the cut treatments her-
baceous composition has changed
over time and has been influenced
by microsite. In intercanopy zones
of the cut treatment, perennial
grasses were the dominant func-
tional group, with higher cover
and biomass than other functional
groups in all years. However,
between 1996 and 2001, cheatgrass
dominated litter deposition areas
(old tree canopies and under-juni-
per debris) (Fig. 4). The increase in
cheatgrass in these areas may have
been due to more favorable seedbed
characteristics and increased nutri-
ent and water availability. However,
cheatgrass decreased dramatically
in debris and canopy zones by
2003, with corresponding increases
in perennial grass biomass and/or
cover. In 2003, perennial grass
biomass was two times greater than
annual grass in canopy and debris
zones. The cheatgrass decline
may be a result of dry conditions
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Figure 3. Herbaceous standing crop (Ib/acre) in cut and woodland treatments in
1993, 1996, 1997, and 2003, Steens Mountain, Oregon. Data are in means plus
one standard error. Significant differences between treatments are indicated by

different lower-case letters.

over the past several years that
reduced cheatgrass establishment
and growth, less favorable seedbed
properties as litter is incorporated
into the soil and exposure increases,
and increased competition from
perennials. The main perennial
grass that moved into litter deposi-
tion zones was squirreltail. Other
perennial grasses have been slow to
establish and develop in old canopy
and debris sites.

Sagebrush and other shrubs have
increased steadily since cutting,
but cover remains far below po-
tential for this site. Juniper has
also reestablished in the cut treat-
ment. One source of these trees is
small individuals that are often not
controlled in the initial treatment.
In addition, it appears that many
new trees started from seed. Juniper
density in 2003 was 200 trees per
acre. These trees are either seedlings
or juveniles less than 18 inches tall.
Unless controlled, there are present-
ly enough young trees to redominate
the site within 50-60 years.



Management Implications

The benefits of controlling juniper
on rangelands are many. From a
livestock production standpoint
there is a large increase in available
forage and management flexibility
is improved. In this study, acres
required per AUM (animal unit
month) were reduced from 33 to
3 acres. Removing juniper pres-
ents managers with many options,
including increasing stocking rates,
improved livestock distribution,
and providing proper post-treatment
rest of areas where juniper has been
controlled. Other ecological ben-
efits, which are discussed elsewhere
in this publication, include reducing
runoff and soil erosion and increas-
ing wildlife habitat that is lost when
juniper dominates plant communi-
ties.
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Figure 4. Functional group herbaceous biomass (Ib/acre) by zone in 1997 and
2003, Steens Mountain, Oregon. Data are in means plus one standard error.
Different lower-case letters indicate significant differences among zones.
Functional groups are perennial grass (Per. Grass), annual grass (Ann. Grass),
and total biomass (Total).




Juniper Control Using Combinations of Cutting

Jon Bates, Rick Miller, and Roger Sheley

Introduction

During the past 20 years in east-
ern Oregon, western juniper has
primarily been controlled by cutting
and by prescribed fire. Chainsaw
cutting is commonly used to remove
trees in plant communities that lack
sufficient fuel to carry fire through a
stand. These woodlands are in mid-
to late-successional stages where
juniper competition has eliminated
the shrub component and reduced
understory production. Burning has
been used in stands where sufficient
ground fuels remain available to
carry fire through the woodland and
remove the majority of trees. Burn-
ing is most successfully applied in
early to mid-woodland successional
stages. Recently, Bureau of Land
Management (BLM) districts in
Alturas, California, and Burns, Or-
egon, have employed combinations
of cutting and fire to remove juniper
in later successional woodlands.
The cutting is used to create a fuel
base to carry prescribed fire through
the remainder of the juniper stand.

Experimental Protocol

We developed three cooperative
cutting, prescribed fire studies with
Burns BLM, private landowners in
Oregon and Idaho, and Idaho State
Department of Lands. Projects are
ongoing but our preliminary data
are of value. The projects include
Kiger Aspen Recovery, Upland Re-
sponse to Cutting and Fire in Kiger
Canyon, and South Mountain Idaho
Juniper Control.

Steens Aspen Recovery: Aspen
stands below 7,000 ft are being
replaced by western juniper in

the northern Great Basin. Aspen
woodlands are important for many
wildlife species and aesthetically
are part of the historical landscape.
In a joint project with Burns BLM
and Otley Brothers Ranch, we are
assessing two juniper control treat-
ments to recover aspen in Kiger
Canyon, Steens Mountain, Oregon.
Treatments include cutting one-
third of the trees followed by early
fall burning (Fig. 1) and cutting
one-third of the trees followed by
early spring burning. The project
has evaluated the effectiveness of
treatments at removing all junipers
from seedling to mature trees. We
are monitoring aspen recruitment,
and shrub and understory cover and
density response to treatment. Cut-
ting followed by fall burning was
completed in two stages. In the first
stage, trees were cut in winter 2001
with fall burning applied in Octo-
ber 2002. In the second stage, trees

were cut in spring 2003 with fall
burning applied in October 2003.
For the spring burning treatment,
trees were cut in winter 2001 with
burning applied in March 2002.
Upland Response to Cutting and
Fire in Kiger Canyon: The objec-
tive of this study was to establish
long-term monitoring of vegetation
succession after fire in mountain big
sagebrush communities. There is lit-
tle long-term information available
about vegetation dynamics after fire
in areas previously dominated by
juniper. Because the understory and
shrub layers have been suppressed
and depleted by competition with
juniper, it may take longer for sites
to recover than after historical fire
disturbances. A joint project with
Burns BLM and Otley Brothers
Ranch was developed to assess
juniper cutting and prescribed fire
effects in five mountain sagebrush
plant community types. All sites

Figure 1. Kiger Canyon prescribed fire, October 2001. Every third tree was
cut to develop a fuel base to carry fire through the remainder of the woodland.



Figure 2. Fall burned aspen plot the first growing season after fire in Kiger Canyon.

were dominated by post-settle-
ment juniper. Cutting was done in
spring 2003, and involved dropping
one-third of the trees to develop a
fuel base. Pretreatment vegetation
measurements were completed in
July 2003. The area was prescribe-
burned in October 2003.

South Mountain Idaho Juni-
per Control: The project involved
three levels of cutting followed by
prescribed burning. Cutting ma-
nipulations were chainsaw cutting
25 percent, 50 percent, and 75
percent of mature post-settlement
trees (trees are less than 100 years
old). The objective of the prescribed
fire was to kill as many remaining
live trees as possible using the cut
trees as a fuel base. Study sites were
set up along the Juniper and Corral
creek drainages on South Mountain,
Idaho, in summer 2002. Sites were
located on lands with private and

public (Idaho Department of Lands)
ownership. Two plant community
types were selected. They included
Western snowberry-mountain sage-
brush/Idaho fescue-western needle-
grass (deep soil sites) and Mountain
sagebrush/western needlegrass (dry
soil sites).

Pretreatment measurements of
understory and overstory vegeta-
tion were completed in summer
2002. All sites were dominated by
post-settlement juniper woodlands
(trees are less than 100 years old)
and lacked ground fuels to carry a
fire without cutting. Uncut control
woodlands were located adjacent
to cut areas. Juniper trees were
cut in October 2002. Temporary
livestock exclusion fences were
built around plots in May and June
2003. Prescribed fire was applied
October 21-22, 2003. Burn condi-
tions corresponded to typical BLM
fire prescriptions. We established
several seeding trials to test and
compare natural recovery versus
augmented rehabilitation. Seed-
ing trials were developed on both

plant community types, and we are
evaluating establishment of three
native grass species and three native
forb species, alone and in combina-
tion, at rates of 15, 20, 25, and 30
Ib/acre.

Results

Steens Aspen Recovery: Fall
burning eliminated remaining juni-
per trees (seedling to mature trees)
and resulted in the loss of most of
the understory except for plants with
growth points below ground and with
fire-resistant seed (Fig. 2). Aspen
response has been highly variable.
The number of new aspen stems
varied from 1,300 to 9,500 stems
per acre. Aspen response appears to
have been dependent on the condi-
tion and density of the pretreatment
aspen stand.

Spring burning, which was a
cooler burn, was not as successful
at eliminating remaining juniper
trees (10—20 percent of the mature
trees remain). In addition, about
50 percent of the juniper seedlings
survived the spring burn. There are
enough seedlings present to redomi-
nate these stands in 70—80 years.
The understory remained largely
intact and growth was stimulated by
removal of overstory competition.

Upland Response to Cutting
and Fire in Kiger Canyon: Fire
removed most of the remaining
live trees. Post-treatment measure-
ments will begin in summer 2004.
Results will focus on herbaceous
colonization, diversity, and produc-
tion; shrub dynamics; and speed of
juniper reinvasion.

South Mountain Idaho Juniper
Control: Regardless of cutting
treatment, the fire application was



uniformly successful at removing
remaining live junipers. We esti-
mate that on the deep soil sites, the
fire killed all remaining live trees.
On the dry soil sites, we estimate
that the fire killed 90—100 percent
of the remaining live trees. Results
indicate that cutting about 25 per-
cent of mature trees was sufficient
to remove the rest of the stand with
fire. Post-fire vegetation monitoring
will begin in summer 2004.

Management Implications

In areas where understory fuels
are lacking, partial cutting of juniper
to increase ground fuels, combined
with prescribed burning in the fall,
was extremely successful at remov-
ing remaining live trees. Results
suggest that cutting 25-33 percent
of the trees is sufficient to provide
necessary fuel loads to carry fire

through a stand. The amount of
cutting required to develop ground
fuels was 30-50 trees per acre. On
our study sites, slopes were between
10 and 60 percent, which helped
carry the fire upslope. More cutting
may be required if working in areas
that are flat. If the objective is to
eliminate juniper, with minimal cut-
ting, then we recommend communi-
ties be fall burned. If the objective
is to maintain the shrub understory
and keep a few mature junipers in
the mix, then cooler spring burning
is recommended. Spring burning
may be especially useful in areas
where the understory is depleted and
needs to be maintained to promote
more rapid recovery. However, with
spring burning, follow-up manage-
ment will be necessary to remove
young junipers that are missed in the
initial treatment.



Runoff and Erosion in Juniper Woodlands

Fred Pierson, Jon Bates, and Tony Svejcar

Introduction

The hydrologic impacts of
western juniper expansion in the
northwestern United States are not
well quantified. Great variability in
soils, geology, slopes, and precipi-
tation patterns make it difficult to
generalize the hydrologic response
from one juniper-dominated stand
or watershed to another. Mature
juniper stands are believed to nega-
tively impact surface hydrology and
increase sediment yields. However,
research documenting how western
juniper expansion is affecting any
of the specific components of the

water budget is extremely limited.
Neither the rate of hydrologic re- Figure 1. There were eight replications of cut and uncut plots. In every case

covery nor the degree of understory ~ he uncut plots experienced runoff and erosion. This picture shows the rainfall
needed to adequately protect a site simulator application on cut (left) and woodland (right) treatments.
following juniper removal have
been determined.

Experimental Protocol

Our objectives in this study were
to quantify the long-term impact
of juniper cutting on infiltration,
overland flow dynamics, and rill
and interrill erosion rates. We
compared hydrologic response of
juniper-dominated plots with plots
where the juniper had been cut 10
years earlier. A rainfall simulator
was used to control water applica-
tion (Fig. 1). Each simulation run
required 9,000 gallons of water
supplied by a tanker truck (Fig. 2).
There were eight replications of cut

and uncut pl.OtS- Each plot received  Figyre 2. 4 9,000-gallon tanker was required to supply water for each
two simulation events to assess simulation run. It took 10 days to complete 16 simulation runs for the field
portion of the project.
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differences in response between
treatments with dry and wet surface
conditions. Water was applied at the
rate of 2 inches per hour, which ap-
proximates a 100-year storm event.

Results

In every case, the uncut woodland
plots experienced high runoff and
erosion values. Plots dominated by
juniper produce runoff from small
thunderstorms that typically oc-
cur every 2 years on this site (Fig.
3). Only one cut plot produced
measurable runoff. The event to
produce this result was equivalent
to a 50-year storm. Runoff on the

woodlands was 25 times greater than
on the cut treatment. For a large,
50-year return-interval thunder-
storm, juniper-dominated hill slopes
produced over 223 Ib/acre of sheet
erosion sediment compared to 0
Ib/acre on the 10-year-old cut plots
(Fig. 4). During large thunderstorms,
rill erosion on the juniper-dominated
hill slopes was over 15 times greater
than on the hill slopes without
juniper.

The cutting of juniper allows
understory vegetation to reestablish,
resulting in increased infiltration that
protects the soil surface and helps
retain both water and soil on site.
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Figure 3. Cumulative runoff over a 1-hour time period. Runoff in the juniper
woodland is 25 times greater than in the juniper removed (trees cut and left on
site) treatment.
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Figure 4. Sediment yield (Ib/acre) over a 1-hour time interval.
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Management Implications

The cutting of juniper allows
understory vegetation to reestab-
lish resulting in increased filtration
which protects the soil surface and
helps retain both water and soil on
site.



Nitrogen Cycling in Cut Juniper Woodlands

Jon Bates, Tony Svejcar, and Rick Miller

Introduction

Western juniper expansion into
sagebrush grassland alters the spa-
tial distribution of soil organic mat-
ter and nutrients by concentrating
them in litter and soils beneath tree
canopies. The concentration of nu-
trients and organic matter in canopy
soil and litter layers is thought to be
physiologically advantageous for
juniper by enhancing their already
strong competitive abilities for
water and nutrients with associated
vegetation. However, very little
research has evaluated how the
redistribution of nutrients in juniper
woodlands affects nutrient cycling
and availability. Another question
to address is whether the redistribu-
tion of nutrients affects understory
recovery of a site after juniper is
removed.

Experimental Protocol

The purpose of our study was
to assess the effect of the sudden
removal of overstory juniper on
soil nitrogen (N) availability and N
mineralization, and how this may
affect understory recovery. Nitrogen
availability has received the most
attention in the literature because
N is assumed to be the most limit-
ing soil nutrient in wildland sys-
tems. We evaluated the influence
of juniper on soil N dynamics in
cut and uncut woodlands by mi-
crosite. Microsites in the cut were
interspace, debris, and canopy.
Microsites in the woodlands were
canopy and interspace. Sampling
was conducted the first 2 years after

cutting. The first sample year was a
moderately dry year and the second
sample year was a very wet year.
Measured parameters included plant
extractable N (nitrate [NO, ] and
ammonium [NO,"]),nitrification, N
mineralization, total soil carbon and
N, and herbaceous biomass and N
content.

Results and Discussion

Treatment differences were limit-
ed to the first year post-cutting. The
initial effect of juniper cutting was
an increase in extractable N, but by
the second year post-treatment, dif-
ferences for the N variables among
treatments and microsites were not
apparent. In the dry year, extractable
N and N mineralization were higher
in the cut versus the woodland

interspaces (Fig. 1). In the wet year,
extractable N and N mineralization
did not differ among the treatment
microsites. Canopy and debris zones
had lower N mineralization than
intercanopy zones in the dry year.

The effect of year, dry versus wet,
tended to overwhelm the effect of
juniper removal. There were strong
seasonal patterns of N mineraliza-
tion that were independent of treat-
ment or microsite (Fig. 1). In the
dry growing season, N mineraliza-
tion was higher than other periods
and there was a large buildup of
available N in soils. The buildup of
available N during dry periods is
not unusual in arid systems and is
caused by lack of plant uptake and
large die-offs of soil microorgan-
isms.
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Figure 1. Seasonal soil nitrogen (N) mineralization/immobilization totals by
treatment and microsite. Positive values indicate net N mineralization. Negative
values (winter-wet year) indicate net N immobilization.
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In the second winter (wet year),
all zones had high levels of N
immobilization or losses. A
management concern after tree cut-
ting in woodland and forested sys-
tems is the potential for increasing
loss of soil N, primarily in the form
of NO;, which is highly mobile in
soils. However, the methods we
used to assess available N fractions
and N mineralization indicate that
most of the N that was “lost” during
the second winter was taken up by
soil microorganisms and immobi-
lized on site and not lost by leach-
ing or denitrification.

The effects of felling juniper trees
on juniper litter decomposition and
N release was examined over the
same 2-year period. Litter decom-
position was 37 percent greater in
the cut treatment than in the wood-
land. Greater litter inputs and higher
litter quality from juniper slash
caused a priming effect, resulting

in the higher decomposition rates in
cut woodlands. The increase in litter
decomposition in the cut treatment
did not result in an earlier release of
litter N. Nitrogen was limiting for
decomposers under juniper debris,
resulting in the importation and
immobilization of litter N. Reten-
tion of N in litter in the early stages
of decomposition following cutting
may serve as an important sink that
conserves N on site. In the wood-
lands, 20 percent of litter N was
removed, indicating that N was not
limiting during litter decomposition.
The results also indicated that there
was no fixed carbon/N ratio deter-
mining the timing of N release from
juniper litter.
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Management Implications

Despite the low availability of N
in the second growing season and
the retention of N in juniper litter,
there was no indication that N was
limiting for plant growth in the cut
treatment. Herbaceous plants in
the cut treatment had significantly
greater N concentrations, and total
biomass N uptake was nine times
greater than for plants in the wood-
land treatment. The formation of
resource islands in the woodland
did not confer any benefits to the
herbaceous and/or shrub under-
story as long as the trees remained
in place. The benefits of higher
resource availability were not real-
ized until trees were cut. When
trees were removed, herbaceous
productivity and cover were signifi-
cantly greater in canopy (resource
island)-influenced soils compared to
intercanopy zones.



Wyoming Big Sagebrush Cover Types in Eastern Oregon:
Ecological Potentials and Sage-grouse Guideline Habitat Requirements
Kirk Davies, Jon Bates, and Richard Miller

Introduction

Plant cover and composition are
often the key attributes for describ-
ing wildlife habitat requirements.
Developing vegetation guidelines
for wildlife requires a detailed un-
derstanding of wildlife interactions
with plant communities at many
scales and over time. However, this
knowledge is often lacking, thus,
developing applicable habitat man-
agement guidelines for wildlife is
often difficult and contentious.

Sage-grouse habitat guidelines
based on plant cover have recently
been developed for sagebrush com-
munities of eastern Oregon. Many
plant ecologists and land managers
have questioned their appropriate-
ness and applicability, for a number
of reasons. First, sage-grouse-veg-
etation cover relationships tend to
be based on a relatively small scale
without adequate description of
plant communities at the stand or
landscape level. Habitat guidelines
based on specific microsite cover
requirements may not reflect the
cover potential and variability of
sagebrush communities at larger
scales. Most rangeland vegetation
surveys tend to focus on larger
areas to describe plant communi-
ties. Preliminary evidence suggests
that sagebrush cover is signifi-
cantly overestimated when using
smaller-scale measurements (East-
ern Oregon Agricultural Research
Center file data). Second, because
of a lack of data for our region,
guidelines have also been based
on results from studies conducted
outside of our area, which may not
reflect cover potentials in sagebrush
systems of eastern Oregon. De-
velopment of appropriate manage-

ment guidelines and strategies for
sagebrush obligate and facultative
wildlife species requires up-to-
date information on ecological site
potentials within the sagebrush
alliance. Surprisingly, there is a lack
of information regarding the range,
variability, and biological potential
of vegetation characteristics within
the big sagebrush alliance, particu-
larly the Wyoming big sagebrush
cover type.

Experimental Protocol

Our goal was to improve knowl-
edge of the ecological potentials of
the Wyoming big sagebrush type
in the northern Great Basin. The
Wyoming big sagebrush cover type
was once the most extensive of the
big sagebrush types but it has been
severely impacted in many areas by
past land use and the introduction
of nonnative weeds. We chose to
focus the study in the Wyoming big
sagebrush cover type because it has
received limited attention in large-
scale vegetation cover surveys in
the region and because among big
sagebrush community types it has
the greatest potential to be impacted
by sage-grouse habitat guidelines.
Our objectives were to 1) fully de-
scribe vegetation/soil characteristics
at the stand level and develop an
appropriate community classifica-
tion system for the Wyoming big
sagebrush alliance, and 2) compare
stand-level cover characteristics
with sage-grouse habitat require-
ments.

In 2001 and 2002, 107 high-
ecological-condition sites were
sampled, mostly in the High Desert
and Owyhee ecological provinces.
Several sites also were located in
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the northern region of the Humboldt
Ecological province and Oregon
portion of the Snake River prov-
ince. Thirty-two of these sites were
resampled in 2003 to begin assess-
ing climatic effects on plant cover,
production, and composition. Sites
were divided into five associations
based on differences in the abun-
dance of dominant perennial bunch-
grass species. Associations within
the Wyoming big sagebrush cover
type were 1) bluebunch wheatgrass,
2) Thurber’s needlegrass, 3) Idaho
fescue, 4) needle-and-thread, and

5) bluebunch wheatgrass/Thurber’s
needlegrass codominance (codomi-
nance required the species with the
lower cover to contribute at least 40
percent of its combined cover). The
bluebunch wheatgrass association
was the most extensively sampled
with 63 sites, second was the
Thurber’s needlegrass association
with 16 sites, third was the Idaho
fescue association with 14 sites, and
both the needle-and-thread and the
bluebunch wheatgrass/ Thurber’s
needlegrass associations had 7 sites.

Results and Discussion
Analysis of functional group
(perennial grass, Sandberg blue-
grass, perennial forbs, annual forbs,
annual grass) cover illustrated veg-
etation differences among associa-
tions (Table 1). Analysis of species
composition within associations,
after excluding dominant perennial
grass species used for grouping,
was more homogenous than ex-
pected by chance. Inclusion of the
dominant perennial grass species in
the analysis increased the similarity
within associations. Sites within an
association tended to have similar



plant species present. Thus, differ-
ences in functional group cover and
species composition indicate that
separating the Wyoming big sage-
brush alliance by dominant grass
species associations is appropriate.
Of the 107 sites, and with a strict
interpretation of the plant cover
guidelines, none of the high eco-
logical condition sites would meet
sage-grouse nesting and brood-rear-
ing habitat requirements (Table 2.).
The main reasons for this are 1) tall
forb cover did not equal or exceed
10 percent on any sites, and 2) sage-
brush cover exceeded 15 percent
on less than a quarter of the sites.
Rarely did tall forb cover exceed
5 percent in these communities.
Sagebrush live cover exceeded the

Table 1. Vegetation functional groups mean percent cover by association.

15 percent cover requirement on

24 plots. However, if dead sage-
brush cover was included, then

an additional 37 sites would meet
sagebrush cover requirements. Ei-
ther not enough sites were sampled
or the unique environmental
characteristics necessary to support
the required combination of cover
values were not present in the Wyo-
ming sagebrush alliance. However,
the years when sampling occurred
were drier than average, which may
explain the low forb cover values
measured. Our long-term monitor-
ing study will continue over the
next 9 years, and we may be able

to develop a relationship between
climate and forb cover. However,
based on our stand-level surveys,

the management guidelines for
sage-grouse nesting and optimum
brood-rearing habitats appear to

be largely unachievable within the
majority of the Wyoming big sage-
brush alliance across the ecological
provinces studied.

Management Implications

The limited potential of the Wyo-
ming big sagebrush alliance to meet
nesting and optimum sage-grouse
cautions against adopting current
guidelines to direct management de-
cisions in our region. Recognizing
the ecological potential of Wyo-
ming big sagebrush across its range
may result in the development of
better management and more realis-
tic management guidelines.

Functional Bluebunch Thurber’s Needle-and- Idaho Bluebunch/
group wheatgrass needlegrass thread fescue Thurber’s mix
Poa species 6.0A' 4.8 AB 1.6C 45B 6.7 A
Perennial grass 119B 8.8C 11.0 BC 194 A 9.4C
Annual grass 0.8 A 0.4 AB 0.8 A 0.02B 0.7 A
Perennial forb 48 A 25B 03C 44 A 5.0A
Annual forb 0.6 AB 0.8 AB 0.2B 0.4 AB 04 A
ARTRwyo’ 12.0B 13.5B 9.9 B 11.1B 16.8 A

'If the same letter follows the means of a functional group in different associations, there is no statistically significant difference in that
functional group between those associations (p > 0.05). If the letter following the functional group mean in one association does not follow
the functional group mean in another association, then there is a statistically significant difference between them (p < 0.05).

2 ARTRwyo = Wyoming big sagebrush

Table 2. Sagebrush alliance canopy cover requirements for sage-grouse habitat.

. P ] >]8-cm-
Habitat Seih G erennial grass 8-cm-tall forb
cover cover
Nesting 15-25% 15% or greater 10% or greater
Optlmum PIEE0 10-25% 15% or greater 10% or greater
rearing

Source: Bureau of Land Management, United States Department of Fish and Wildlife, Oregon Department of Fish and Wildlife,
and Oregon Division of State Lands. 2000. Greater sage-grouse and sagebrush-steppe ecoystem: management guidelines.

August 21, 2000. p. 27.
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Mountain Big Sugebrush Reestablishment Following Fire

Lori Ziegenhagen and Richard Miller

Introduction

It is a challenge for land managers
to plan long-term fire management
programs because there is a lack of
information on natural sagebrush
reestablishment and recovery rates.
To better forecast natural post-fire
recovery, we need to understand the
variability of sagebrush reestablish-
ment and develop predictive models
for recovery timelines.

Experimental Protocol

This study examined mountain
big sagebrush recovery on 16 large,
uniform burns between 2 and 42
years old. These fires were located
in mountain big sagebrush com-
munities in southeast Oregon,
northwest Nevada, and northeast
California. Mountain big sagebrush
is a subspecies of big sagebrush
that, in this region, grows on higher
elevation (>4,500 ft) sites with
more than 12 inches of annual pre-
cipitation. We measured the percent
canopy cover and shrub density
on over 175 burned sites and aged
1,400 mountain big sagebrush to
determine each shrub’s year of
establishment.

Results and Discussion

Rates of recovery for mountain
big sagebrush canopy cover and
density were highly variable, and
reestablishment of seedlings follow-
ing fire occurred in three phases.
Live canopy cover of sagebrush
increased approximately 3.5 times
with each doubling of fire age. In
other words, a 5-year-old burn with
2 percent canopy cover would have
approximately 7 percent at 10 years
and 24.5 percent at 20 years after

the fire. Similarly, sagebrush densi-
ties increased around 900 shrubs/
acre with each doubling of fire age.
These rates of increase are only esti-
mates, and fire age explained about
3657 percent of the variation we
saw across the landscape. (For a de-
tailed list of the recovery formulas,
please refer to: L.L. Ziegenhagen.
2004 M.S. Thesis. Oregon State
University, Corvallis).

Although these formulas suggest-
ed that mountain big sagebrush cov-
er and density increased in smooth
lines, recovery actually occurred
in pulses. Our study suggested that
on large, uniform burns, post-fire
mountain big sagebrush reestablish-
ment occurred in three phases (Fig.
1). Phase one is the opportunity
for immediate shrub establishment
from seed that survived the fire on
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Figure 1. The three phases of shrub reestablishment following fire: A) an example
fire with large initial establishment from soil seed pools, and B) an example

that was missing establishment in Phase One. Fire B relied upon unburned
communities for shrub reestablishment. The red vertical line represents the year of
the fire. Dashed vertical green lines separate post-fire establishment phases. Gray
bars represent the percent of the total sagebrush to establish each year following
the fire. The solid line is a running total of sagebrush established. Years are in

“crop years” (Oct.—Sept.).



Miller Canyon Fire
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Figure 2. Example of the Three Phases of Shrub Reestablishment on Miller Canyon,
a burn located near Burns, Oregon. The red vertical line represents the year of the
fire. The dashed vertical green lines separate post-fire establishment phases and
the grey bars represent the percent of the total sagebrush on Miller Canyon that
established each year following the fire. The solid green line is a running total of
sagebrush establishment as it approaches the total. In 2000/01 sagebrush density
was approximately 1,700 shrubs/acre. Years are in “crop years” (Oct.—Sept.).

the soil surface (soil seed pools).
Phase two is a Iull in shrub estab-
lishment and phase three begins
when newly established shrubs

are mature enough to produce new
seed. The Miller Canyon Fire near
Burns, Oregon (Fig. 2), illustrates
these three phases of reestablish-
ment. The length of phase two is
determined greatly by the success
or failure of soil seed pools to es-
tablish seedlings during phase one.
Without successful establishment
during phase one, phase three be-
gins only after sagebrush seed from
adjacent unburned communities mi-
grates into the interior of these large
burns. Mountain big sagebrush
seed dispersal is limited to only a
few yards from the parent plant and
migration across a landscape is a
slow process.

Management Implications
Many fire-management programs
require a target canopy cover across
a given landscape and a given
acreage to be burned every year.

In our study region, mountain big
sagebrush required, on average,

36 years after a fire to acquire a
canopy cover of 25 percent. How-
ever, more importantly, the range
of time needed for this recovery to
occur was 25-57 years. Although
recovery rates were highly vari-
able, results did emphasize the
importance of soil seed pools in
establishing mountain big sage-
brush during the years immediately
following a fire. Higher densities

at the end of phase one of post-fire
establishment would lead to a faster
recovery rate in following years.

If shrub densities after 2—4 years
were below target level, predictions
of the recovery timeline should be
lengthened and the timing of future
burning projects across the land-
scape reevaluated. Furthermore,
the availability and size of soil seed
pools (the size of the previous fall’s
seed crop) should be considered
when planning a proper time to
burn mountain big sagebrush sites.
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Carbon Dioxide Flux on Sagebrush Rangeland in Eastern Oregon

Raymond Angell, Tony Svejcar, and Jon Bates

Introduction

Atmospheric carbon dioxide
(CO,) is taken up by plants and is
utilized through photosynthesis
to create sugars that are later used
to grow leaves, stems, and roots.
Carbon dioxide concentration in
the atmosphere is steadily increas-
ing for various reasons, but burning
of fossil fuels provides the major
contribution to this increase. Plants
buffer this increase by assimilating
atmospheric CO,. Scientists have
attempted to balance the distribu-
tion of CO, between what are called
sources and sinks. Sources release
CO, into the air; sinks remove it
from the air.

Rangelands occupy about 50 per-
cent of the world’s land surface area
and could play an important role in
the global carbon cycle. They are
less productive than forested sys-
tems, but because of their extensive
distribution they have the potential
to sequester significant amounts of
carbon. Sagebrush-steppe occupies
more than 88 million ha in western
North America, but very little is
known about the magnitude and
seasonal dynamics of CO, uptake
by plants. We initiated this study to
measure the flux over this important
ecosystem as influenced by environ-
ment and management.

Experimental Protocol
Measurements began in 1995 and
are continuing through 2006 in an
effort to determine the effect of cli-
matic variability on CO, fluxes. The
study was established on sagebrush-
steppe at the Northern Great Basin

Figure 1. Bowen ratio energy balance instrumentation (Model 023/CO, Campbell

Scientific, Inc., Logan, Utah, USA)

Experimental Range (43° 29°N
119° 43’W; 1,380 m elevation),
about 64 km west of Burns, Or-
egon. The study site was a 160-ha
ungrazed Wyoming big sagebrush
(Artemisia tridentata Nutt. subsp.
Wyomingensis) community (10
percent canopy cover). Understory
species include Thurber’s needle-
grass (Stipa thurberiana Piper),
bluebunch wheatgrass (Pseudo-
roegneria spicata (Pursh) A. Love),
Sandberg’s bluegrass (Poa sandber-
gii Vasey), bottlebrush squirreltail
(Sitanion hystrix [Nutt.], Smith),
prairie lupine (Lupinus lepidus
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Dougl.), hawksbeard (Crepis oc-
cidentalis Nutt.), and longleaf phlox
(Phlox longifolia Nutt.). Livestock
have not grazed the community
since 1995. Above-canopy 20-min-
ute-average CO, flux was measured
continuously using Bowen ratio en-
ergy balance instrumentation (Mod-
el 023/CO,, Campbell Scientific,
Inc., Logan, Utah, USA) (Fig. 1).
Bowen ratios were calculated from
temperature and humidity data. The
turbulent diffusivity, assumed equal
for heat, water vapor, and CO,, was
then calculated. Average CO, fluxes
were calculated as the product of



turbulent diffusivity and the 20-
minute CO, gradient, correcting for
vapor density differences between
the arms of the system. Samples
were obtained at 75 and 175 cm
above the ground. Negative values
indicate plant uptake of CO, (flux
toward the surface).

Results and Discussion

This region is characterized by a
short period of adequate soil mois-
ture in spring, followed by summer
drought. Active CO, uptake gener-
ally begins in April. Peak CO, up-
take occurs in May and June, with
lower flux rates in July and August
(Fig. 2). Coincident with maximum
forage yield, average daily uptake
usually peaks in late May at about
5gCO, m*d", and then steadily
declines, approaching zero in Sep-
tember. Plant growth during July
and August varies greatly among
years, based on soil water content
and results in large variations of
CO, flux between years. Also, this
region can experience freezing
nighttime temperatures during the
growing season, resulting in dam-
age to plant tissues. In June 1996,
freezing nighttime temperatures
(-6°C) occurred during peak growth
on two consecutive nights. Follow-
ing the frost, CO, released to the
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Figure 2. Five-year average monthly carbon dioxide flux over ungrazed
sagebrush-steppe on the Northern Great Basin Experimental Range in southeast
Oregon. Negative flux is toward the surface.

atmosphere exceeded uptake by
plants and the site became a source
of CO, for the year.

Annual CO, flux on this site has
averaged -0.2 kg CO, m? y”', indi-
cating that this plant community is
a CO, sink, although this may be an
overestimate because we have not
experienced a severe drought during
this study. Annual CO, fluxes have
ranged from 0.3 to -0.5 kg CO,

m? y'. These values are about half
of the 1.1 kg CO, m™ y"' reported
for tallgrass prairie, reflecting the
lower productivity of these semiarid
rangelands.
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Implications

Based on data obtained here,
sagebrush-steppe ecosystems in
the northern Great Basin usually
are sinks for atmospheric CO,,
and are sequestering carbon in the
soil. Even though the magnitude of
annual CO, uptake is smaller than
in ecosystems with longer growing
seasons, this uptake is important
because of the large number of
acres covered by sagebrush-steppe
in western North America.




Effects of Altered Precipitation Timing on Sagebrush-Steppe Communities

Jon Bates, Tony Svejcar, Rick Miller, and Ray Angell

Introduction

Alteration of precipitation pat-
terns and inputs as predicted by
general circulation models has the
potential to cause major changes
in productivity, composition, and
diversity of terrestrial ecosystems.
Current climate models have shown
little agreement as to the potential
impacts to our region of predicted
climate warming. Models predict
that with climate warming, our area
may receive more summer or more
winter precipitation. However, in
our region the timing and amount of
precipitation already are extremely
variable from year to year. Climate
has a huge impact not only on for-
age production but on assessment
of rangeland condition. Thus, land
managers face a big challenge in
separating the effects of manage-
ment from those of climate. Un-
fortunately, changes in rangeland
condition frequently are assumed
to be a result of management rather
than climate.

Experimental Protocol

We evaluated vegetation response
to altered timing of precipitation
during a 7-year study in a Wyoming
big sagebrush community. Four
permanent rainout shelters and an
overhead sprinkler system were
used to control water application
and seasonal distribution. Precipita-
tion treatments under each shelter
were WINTER, SPRING, and
CURRENT. The WINTER received
80 percent of its water between Oc-
tober and March; 80 percent of total
water added to the SPRING treat-
ment was applied between April

and July; and the CURRENT treat-
ment received precipitation match-
ing the site’s long-term (50-year)
distribution pattern. A CONTROL
treatment, placed outside each
shelter replicate, received natural
precipitation.

Current ecological thought is that
summer precipitation will favor
shallower-rooted grasses over deep-
er-rooted sagebrush, with winter
precipitation favoring shrubs over
grasses. The basis for this reasoning
is that in climates with summer pre-
cipitation, prairie ecosystems exist
(e.g., the Great Plains), and in areas
with a winter pattern of precipita-
tion, shrubs are dominant (e.g., the
Great Basin).

Results and Management
Implications

In this study, plant community
composition and productivity were
significantly influenced by the
precipitation treatments. A shift
in precipitation distribution to a
spring/summer pattern (SPRING
treatment) had the greatest poten-
tial for altering the composition
and structure of sagebrush-steppe
vegetation (Fig. 1). This result con-
trasted with our initial hypothesis
that shallower rooted grasses would
gain a competitive advantage over
shrubs if precipi