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Abstract: This document presents a long-term research strategy designed to address current and future research
needs for management of Department of the Interior-administered ecosystems in the Intermountain West. Although
the research plan was developed in the context of the Interior Columbia Basin Ecosystem Management Project, the
plan addresses many high-priority issues facing land managers throughout the Intermountain West. These issues
pose management challenges that may be addressed with applied research both currently and in upcoming decades.
Possessing a particular focus on semiarid ecosystems, the plan is a collection of research questions under five cate-
gories of research emphases: 1) restoration; 2) rangeland health; 3) aquatic-terrestrial connections; 4) devel opment
of monitoring and evaluation protocols; and 5) species and habitats at risk.

The goal of the research strategy is to provide ideas for integrating emerging scientific understanding into
future management in order to restore and maintain long-term ecosystem health and ecological integrity; provide
consistent management direction over broad spatial and temporal scales, emphasi ze adaptive management over the
long term; restore and maintain habitats for plant and animal species; and support economic and social needs of
people, without compromising the above goals. Research questions are prioritized into three categories based on
the immediacy of their need, feasibility of addressing the question rigorously under varying funding budgets, and
magnitude of risk posed by not addressing the issue. The research strategy is intended to support and integrate with
existing management efforts and strategies. As such, it melds observational studies with experimental manipula
tion, treating management actions as experiments whenever feasible.

The research strategy focuses on disturbance processes and events that have been the primary drivers of
change, to provide a predictive model for future changes. These drivers include fire, nonnative plants, herbivory,
roads and associated human influences, and climate change. Whereas management in the western United States has
striven to move from an inefficient species-based approach to a habitat-based approach, the plan focuses on
ecosystem function and ecological processes as critical measures of habitat response. Because of the large amount
and contiguity of public lands in the western United States, the region presents both a compelling opportunity to
implement landscape-level science and a challenge to understand a relatively understudied region that is expected
to contribute heavily to national biotic integrity in the future.

Key Words: prioritized research needs, public lands management, Intermountain West, arid ecosystems, rare
species, restoration, monitoring, rangeland health, aquatic habitats.
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OVERVIEW

The Interior Columbia Basin encompasses 125 mil-
lion acres (50.6 million ha) in eastern Oregon, eastern
Washington, |daho, and western Montana, and more
than half of the Basin is managed by federal agencies.
Within this area, Department of the Interior (DOI)
agencies are responsible for management of 37 wildlife
refuges and hatcheries, numerous Bureau of Reclamation
reservoirs and watersheds, 15 American Indian reserva
tions, 11 National Park Service units, and 26 million
acres (10.5 million ha) of land across 10 Bureau of Land
Management (BLM) districts. Research is heeded to

address management challenges associated with the
current condition of public lands in the western United
States. For example, 51% of BLM- and Forest Service
-administered lands in the Basin have low ecological
integrity, compared with only 23% that possess high
integrity (Figure 1). Because of the large amount and
contiguity of public lands in the western United States,
the region presents both a compelling opportunity to
implement landscape-level science and a challenge to
understand a relatively understudied region that is
expected to contribute heavily to national biotic integrity
in the future.

# Interior Columbia Basin Ecosystem
Management Project EIS Border
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Fig. 1. Classification of ecological integrity in subbasins (4th-field hydrologic units) of the Interior Columbia Basin and of portions
of the Klamath Basin and Great Basin. Composite ratings of ecological integrity synthesized integrity ratings of forest, rangeland,
forest and rangeland hydrologic, and aquatic component classifications, and were compared against knowledge of actual on-
the-ground conditions. Classifications are based on average trends of subwatershed composite departure from the historical
range of variability (based in turn on vegetation composition, structure, size, proximity to other patches of vegetation, and suc-
cession and disturbance processes), aquatic habitat conditions, and road density. Adapted from USDA and USDI (2000a).
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Fig. 2. Expanded conceptual model for habitats of arid ecosystems, showing measurable attributes that represent candidate indi-
cator variables. Natural and human-caused processes affect components of biological diversity through their effects on ecosys-
tem properties at several spatial scales. Adapted from Hemstrom et al. (1999).

This document presents a long-term research strategy
designed to address current and future research needs for
management of semiarid DOI-administered ecosystemsin
the Intermountain West. Although the Research Plan
(hereafter, Plan) was developed in the context of the
Interior Columbia Basin Ecosystem Management Project,
the Plan addresses many high-priority issues facing land
managers throughout the Intermountain West. Research
needs in forested ecosystems are being addressed exten-
sively by the U.S. Forest Service; therefore, scientists
and managers at a joint meeting in June 1999 agreed
that this research strategy should focus particularly (but
not exclusively) on rangelands.

At the request of the constituent agencies participat-
ing in the June 1999 meeting, the Plan contains five cate-

gories of research emphases: 1) restoration; 2) rangeland
health; 3) aguatic-terrestrial connections; 4) development
of monitoring and evaluation protocols; and 5) species
and habitats at risk. Sections of the Plan that address
specific research needs of each DOI agency arelisted in
Appendix A. The ultimate goa of the research strategy
isto provide ideas for integrating emerging scientific
understanding into future management in order to

* Restore and maintain long-term ecosystem

health and ecological integrity;

* Provide consistent management direction over
broad spatial and temporal scales;

» Emphasize adaptive management over the
long term;
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Fig. 3. Historical distribution of six key salmonid species (bull, westslope cutthroat, Yellowstone cutthroat, and redband trout;
steelhead; and chinook salmon) in watersheds and subwatersheds of the northern Intermountain West. This distribution rep-
resents the speculated potential range of species before European settlement. Ranges were characterized from historical dis-
tributions in preexisting databases (created by expected distributions modified by professional judgment) and augmented with
selected published and anecdotal accounts. Adapted from USDA and USDI (2000a).

* Restore and maintain habitats for plant and
animal species;

* Support economic and social needs of people,
without compromising the above goals.

We provide background information, extracted from
Interior Columbia Basin science assessments and reports,
aswell asfrom primary literature sources. This contains
relevant information about the region as awhole, aswell
as information specific to each of the five research foci.
Theinformation is intended to familiarize readers with
species, habitats, communities, ecosystems, and major
drivers of change in the interior Columbia River, Snake
River, Klamath, and Grest Basins.

The research strategy focuses on disturbance
processes and events that have been the primary drivers
of change, to provide a predictive model for future
changes. These driversinclude fire, invasive weeds,
herbivory, roads and associated human influences, and
climate change. Whereas management has striven to
move from an inefficient species-based approach to a
habitat-based approach, the Plan focuses on ecosystem
function and ecological processes as critical measures
of habitat response (Figure 2). However, single species
(e.g., sage grouse) that are both highly charismatic and
assumed to act as umbrellas for other taxa within a
habitat type receive special attention in afew cases.
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Fig. 4. Current distribution of six key salmonid species (bull, westslope cutthroat, Yellowstone cutthroat, and redband trout;

steelhead; and chinook salmon) in watersheds and subwatersheds of the northern Intermountain West. This distribution was
determined through the classification of subwatersheds (6th-field hydrologic units) by private, agency, and tribal fishery biolo-
gists, and augmented with information from existing electronic databases maintained by state and federal agencies, and other

sources. Adapted from USDA and USDI (2000a).

For each research issue, the Plan provides a broad
framework of questions within which specific questions
and hypotheses can be designed. Information regarding
the need and importance of research also accompanies
each issue. Research questions in the Plan possess des-
ignations to guide prioritization. Designations reflect
the magnitude and immediacy of the research need, as
well as the relative risk associated with not undertaking
the research.

The Rangeland Health section explores the role of
exotic weeds in shaping community dynamics of plants,
biophysical dynamics of soils, and the factors that
determine weed distributions. Also included are investi-

gations of how fire affects various components of
ecosystems, and how the dynamics of prescribed fires
compare with those of wildfires. We propose research
that addresses ecological roles of biological soil crusts
(i.e., soil-surface mosses, lichens, and bacteria) and
their response to various disturbances. Status and trends
of various groups such as bats, sagebrush-dependent
species, and wild horses also receive attention.

Active restoration has been proposed as the most
effective means to address the deteriorated structure,
composition, and function of ecosystems of the Interior
Columbia Basin. An important element of restoration is
the spatial relationships among habitats. Accordingly,
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the Restoration section suggests research on spatial
ecology to support the establishment and maintenance
of native diversity at landscape to regional scales.
Effects of habitat fragmentation, connectivity via corri-
dors, and characteristics of habitat patches are also
investigated. We suggest research to support the devel-
opment of techniques and spatial strategies to address
the key roles played by beavers, amphibians, and exotic
plants across habitat types.

The Aquatic-Terrestrial Interface section recognizes
the connection of habitats within and across watersheds,
and between riparian/wetland and upland areas. Our
focus centers on natural and management-induced dis-
turbance processes as drivers of change, and again we
adopt an integrative, landscape-level approach to assess
their effects. Spring- and stream-dwelling invertebrates,
amphibians, and aquatic nuisance species are investigat-
ed as indicators of agquatic health.

Although management and ecological research are
shifting toward broader areas and longer time scales,
few efforts have been able to integrate meaningful mon-
itoring and analysis across these scales. The Monitoring
for Adaptive Management section addresses agencies’
need to find reliable indicators that may be economical-
ly and efficiently sampled across various spatial scales.
The section addresses biological response to climate
change, spatial prioritization of monitoring and restora-
tion efforts, assessment of the adequacy of different
sampling strategies, and explicit testing of assumptions.
Proposed research also addresses effects of decreased
water availability and numerous recreational activities
on aquatic resources.

Species and habitats at risk are addressed through
research that strives to move from single-species
approaches for resource management and conservation to
habitat- or functional group-based approaches. Habitats
particularly at risk include sagebrush-steppe areas,
springs, ephemera wetlands, and areas affected by either
road networks or expansion of western juniper and other
woody species. Focal speciesinclude narrowly distributed
rare fishes, key salmonids (i.e., trout and salmon; Figures
3 and 4), wide-ranging top predators, and listed and can-
didate species on individual DOI management units.

Many research issues in the Plan require collabora-
tion across politica and disciplinary boundaries, and
involve mapping, hydrological, geomorphological, and
biologica expertise (see Appendix B). U.S. Geological
Survey (USGS), with its multidisciplinary structure, is
well suited to provide rigorous, integrated science infor-
mation relevant to management in the Interior
Columbia Basin. Furthermore, the Plan includes many
issues that are national-level priorities for USGS, includ-

ing water quality, invasive species, fire hazards, global
change, GAP andysis, species at risk, and status and
trends. The research strategy is proposed as a multidisci-
plinary framework of at least 10 years duration, at alevel
of approximately $7 million per year to address all ques-
tions contained within the proposed framework. Potentia
cooperators and partners have been identified and includ-
ed in shaping the strategy.

The Plan is intended to support and integrate with
existing management efforts and strategies. As such, it
melds observational studies with experimental manipu-
lation, treating management actions as experiments
whenever feasible. Consequently, numerous issues of
research design are described as essential components
to a successful research strategy. The Plan recognizes
the dynamic and unpredictable nature of ecosystems,
and explicitly allows for arange of outcomes rather
than an unvarying endpoint.
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BACKGROUND INFORMATION

Introduction

The Interior Columbia Basin Ecosystem
Management Plan (ICBEMP) owesits beginning to the
Northwest Forest Plan, which was initiated in the early
1990s in response to controversy regarding management
of old forests and associated species on federd landsin
the Pacific Northwest. Issues such as management of old
forests, anadromous fishes, riparian areas, and forest
health spawned a similar controversy in the interior
portion of the Pacific Northwest. This occurred because
traditional U.S.D.A. Forest Service (FS) and U.S.D.I.
Bureau of Land Management (BLM) approaches that
addressed single-resource issues often produced disparate
and conflicting management prescriptions. Thus, in July
1993, the President directed the FS to “develop a scientif-
ically sound and ecosystem-based strategy for manage-
ment” of forests in Oregon and Washington located east
of the crest of the Cascade Range. The BLM joined the
effort later in 1993 to work with the FS on the Eastside
and Columbia Basin draft Environmental Impact
Statements. By 1996 and 1997, scientific assessments
were produced that examined historical and current eco-
logicdl, social, and economic systems on all landsin the
project area, which included portions of seven states.
Subsequently, numerous management options were
proposed to address the challenges posed by the results of
the assessment, and three of the options (including contin-
uation of current management strategies) remained fea-
sible options in the Supplemental Draft Environmental
Impact Statement (USDA and USDI 2000a).

In June 1999, biologists and managers from several
management and research agencies met to devise a
research strategy for lands administered by DOI in the
Interior Columbia Basin Plan area. Because ICBEMP
has often given greater attention to forested systemsin
the Basin, constituent agencies agreed that the research
strategy should focus particularly on rangelands,
although not exclusively. The participants specified
major issues that resource managers will face in imple-
menting ICBEMP, and identified five categories of
research emphases. 1) restoration; 2) rangeland health;
3) aquatic-terrestrial connections; 4) development of
monitoring and evaluation protocols; and 5) species and
habitats at risk. Potential cooperators and partners iden-
tified include BLM, FS, USGS, U.S. Fish and Wildlife
Service (USFWS), National Park Service (NPS),
Agricultural Research Service (ARS), Natural Resources
Conservation Service (NRCS), Environmental Protection

Agency (EPA), non-governmenta organizations (e.g.,
The Nature Conservancy), universities, agricultural exper-
iment stations, and Native American tribes, among others.
The geographic domain pertaining to the Plan
includes portions of Oregon and Washington east of the
Cascade Range, and the parts of 1daho and Montana that
are drained by the Columbia and Snake Rivers. In effect,
all of Idaho except its extreme southeastern corner is
included, asis the northwestern corner of Montana west
of the continentd divide and north of Butte. The Planis
designed to address information needs of al Department
of Interior agencies (i.e, BLM, USFWS, NPS, Bureau of
Indian Affairs, and Bureau of Reclamation). However,
because (as stated above) issues relating to BLM-
administered lands have not been well addressed in
research strategies proposed by the FS, specia attention
is afforded to the lower-precipitation (1.6-4.7 in./yr; 4-12
cmlyr), lower-elevation lands that comprise rangelandsin
the interior Columbia River Basin, upper Klamath Basin,
and northern Great Basin (hereafter collectively referred
to as “the Basin”). Ultimately, however, effectiveness of
research and management on public lands in the region
will hinge upon strategic, landscape-scale collaboration
with FS research, and upon coordinated effort among
DOI bureaus to address common research interests.

Implementation of the Interior
Columbia Basin Ecosystem
Management Plan on DOI
Lands: Step-down Process,
Socioeconomic Considerations

The focus of future management and research isto
promote sustai nable ecosystems through maintenance,
protection, or restoration of habitats. Sustainable eco-
systems maintain a characteristic diversity of major
functional groups, productivity, soil fertility, and rates
of geochemical cycling, over the normal cycle of
disturbance events (Chapin et al. 1996). Management
decisions (e.g., determination of stocking rates) for any
particular area will continue to be made locally through
the land-use planning process for each BLM resource
area, wildlife refuge, or national park. Information from
multiple scales will be integrated to aid decision-making
through a step-down process, such that commitments of
actions to meet broad-scale objectives occur only after
local conditions are considered (USDA and USDI
20004). Three tiers of more focused analyses include
subbasin review [a mid-scale assessment: 800,000- to
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1,000,000-acre (300,000 to 400,000 ha) drainage areas]
ecosystem analysis at the watershed scale [ 10,000-

to 100,000-acre (4,000 to 40,000 ha) drainage areas,
usually watersheds or subwatersheds], and site-specific
analysis (the level of most management activities, typi-
cally resulting in a National Environmental Policy Act
[NEPA] process). These three levels of analysis will
provide the primary means for setting landscape and
project goals and objectives.

At the fine-scale level of individud dlotments, it
may be challenging to implement significant change in
livestock grazing practices. Many ranchers families have
grazed livestock in the region for severa generations,
although as ranchers grow older, more operators leave the
profession than enter it (Haynes and Horne 1997). In the
Basin, BLM permittees manage operations that are gener-
ally more profitable and significantly larger than are those
of non-permittees (Haynes and Horne 1997). Dependency
of the livestock industry on forage from BLM and FS
lands averages 7% across the Basin, ranging from 1% to
12% among economic subregions and from ~0 to 40%
among individual counties (Frewig-Runyon 1995, Haynes
and Horne 1997). Economic dependence of communities
on industries such as livestock grazing, mining, and
recreation is highest in areas that are geographically
isolated and offer few opportunities for aternative
employment (Haynes and Horne 1997). Because of
lower beef cattle prices and higher production costs, the
fee for grazing on public lands has stayed at the legal
minimum of $1.35 per AUM since 1996 (USDA and
USDI 20004d). The number of cattle grazing on public
lands is predicted to decline by about 1% per year for
the next 20 years, as aresult of herd reductions to avoid
resource damage; declining economic feasibility of live-
stock grazing; and implementation of recovery plans for
federally listed species (Haynes and Horne 1997).
Nonetheless, complete elimination of livestock grazing
is neither projected nor recommended at the broad
scale, because elimination of grazing disturbance may
1) increase incidence of wildfire in some systems
(Young and Evans 1978), which is especially problem-
atic in areas where fire is not desirable; 2) disrupt the
economic and social needs of rural residents for federal
resource products; and 3) depart from the existence of
at least minimal levels of grazing in the Basin through-
out time (Mack and Thompson 1982).

General Overview of the Basin

Biophysical Background

Volcanism, plate tectonics, glaciation, weathering,
erosion, and sedimentation occurring over millions of
years have provided the physical foundation for the
evolution of the ecological relationships currently
observed in the Basin. Furthermore, the physiographic
environment dictates ecologica potential, response to
disturbances, and management options. Overlaid on this
template is the inherent stochasticity in environmental
(particularly climatic) conditions. For example, athough
all areasin the Basin experience irregularly occurring
droughts, more arid ecosystems generally are affected
most strongly by drought (Barry and Chorley 1982).
Whereas succession and disturbance regimes on forested
lands have been most dramatically dtered by timber har-
vest, road development, and fire exclusion, disturbance
regimes on arid lands have been atered most dramatically
by the introduction of exotic plants, excessive livestock
grazing, and fire suppression (Figure 5; Hann et a. 1997).
Biophysical templates on rangelands in the West have
changed more significantly than have templates on
forests or mixed lands, largely as aresult of agricultural
development (Hann et al. 1997)

Establishment of shrubs and other perennial plantsin
arid and semiarid habitats may be episodic and dependent
upon periods of above-average precipitation (Shaw and
Haferkamp 1994). In the Basin, frequency of drought,
favorable periods of precipitation for establishment
(defined as precipitation >110% of average for more than
2 years), and variability in precipitation al increase as
aridity increases (MacMahon 1980, Osmond et al.
1990, Leonard et a. 1995). Because timing of wetter
periods is unpredictable and because many of the
Basin's rangelands receive low amounts (7.9-14.2 in.;
20-36 cm annual average) of precipitation overall,
potential for restoration success clearly varies across
the Basin (Miles and Karl 1995, Hann et al. 1997).
Furthermore, especially in areas that normally experience
high levels of inherent environmental stress, manage-
ment-induced stresses may exacerbate the effects of
harsh or variable climate on ecosystems. For example,
Hann et al. (1997) suggest that recovery potential for
native vegetation, soil integrity, and ecological process-
es decrease from areas of >11.8 in. (30 cm) annual pre-
cipitation to areas between 9.8-11.8 in. (25 to 30 cm)
annual precipitation to areas receiving <9.8 in. (25 cm)
annually. Soils that are naturally susceptible to erosion
by wind or water, have high salinity, are sodic, or
shrink or swell upon wetting and drying also appear
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Fig. 5. General rangeland successional and disturbance
processes (includes altered sagebrush steppe). There are
three common pathways of succession in the sagebrush
steppe. Pathway A represents succession from a grassland
to a shrub-grass-dominated plant community, with fire acting
to move the shrub-grass-community back to a grassland.
This type of succession follows the climax model of plant
succession. Pathway B represents succession of a shrub-
grass-dominated plant community to either a woodland
(dominated mostly by juniper) or a shrubland, and is caused
by a reduction in fire occurrence. The dense shrub or wood-
land plant community can re-enter Pathway A if native
perennial understory plants are sufficient to establish them-
selves following a wildfire, or it could move into Pathway C if
the understory plants are mostly introduced annuals such as
cheatgrass following a wildfire. Pathway C represents suc-
cession of a shrub-grass or woodland-shrub-grass-dominat-
ed plant community to a community dominated by introduced
annual grasses, characterized by an increase in fire occur-
rence. Once dominated by introduced annual grasses, the
community tends to remain this way because of frequent fire
and competition from the introduced annual grasses, which
prevents shrubs and native perennial grasses from establish-
ing. This type of succession follows the model of plant suc-
cession known as state and transition. Figure and legend
adapted from Vavra et al. (1994).

especialy vulnerable to management-induced stress.
Soil types of highest susceptibility occur in southeastern
Oregon and across sou