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EXECUTIVE SUMMARY

INTRODUCTION AND BACKGROUND

he Oregon Plan for Salmon and Watersheds (Oregon Plan), initiated in 1997, is a state-

led effort to restore watersheds and recover fish and wildlife populations to productive

and sustainable levels while providing substantial environmental, cultural, and economic
benefits. Through the Oregon Plan, Oregonians have established that we value environmental
quality, not only for the use of the natural resources that are vital to the state’s economy and social
values, but also for the ecological sustainability of fish and watersheds. These social, economic, and
environmental values can be, and in some cases currently are, tracked with indicators.

The Oregon Watershed Enhancement Board (OWEB) has several key statutory responsibili-
ties in its implementation, including a requirement to report to the Governor and the Legislative
Assembly biennially on environmental trends. Although a huge volume of data about the envi-
ronment is available, much of it is so site-specific that it cannot be used to assess the condition of
broad geographic regions. In order to provide a mechanism to assess Oregon’s collective restoration
investments (state, federal, and private dollars), OWEB partnered with the Institute for Natural
Resources (INR) to develop and institutionalize a system of tracking a small set of environmental
indicators throughout Oregon. Once defined and agreed on, these indicators will allow Orego-
nians to answer the question Is Oregons environmental condition stable, declining, or improving over
time? More specifically, Are environmental conditions improving under current land management and
restoration practices? The answers are important because they are reflected in environmental poli-
cies, regulatory laws, and investments in environmental restoration. Ultimately, indicators of en-
vironmental condition should support resource management policies and management programs
that will lead to more effective use, protection, and restoration of Oregon’s natural resources.

Odur ability to evaluate sustainability depends on the availability of sound social, economic,
and environmental indicators. Only environmental indicators are treated in this report because
currently there are no data and agreed-on indicators to characterize ecological conditions at mean-
ingful scales. Conversely, social and economic indicators are generally agreed on, and data exist for
reporting at meaningful scales.

A process to describe existing social and economic indicators within the same hierarchical
framework proposed in this document has been initiated by the Oregon Progress Board. Social,
economic, and environmental indicators will then be linked in a framework that can be used to
assess if we are achieving sustainable communities and watersheds.

There has been an abundance of valuable thinking and implementation on the topic of
environmental, social, and economic indicators. Such work has taken place at the state, regional,

national, and international scales. Of these efforts, the Oregon Progress Board Benchmarks, the



Willamette Initiative, and the State of the Environment Report form the foundation for this proj-
ect. This project starts where these efforts left off by putting proposed indicators into a framework

to evaluate the Oregon Plan and proposing a sampling design for a subset of indicators.

PrIORITY INDICATORS

The conceptual framework that we used links Oregon Plan goals with environmental indica-
tors. Within this framework, the indicators are grouped into four environmental classes: Aquatic
and Riparian Ecosystems, Terrestrial Ecosystems, Estuarine Ecosystems, and Ecosystem Biodi-
versity. This classification provides the information and framework necessary to allow decision
makers to determine whether environmental conditions are improving under the implementation
of the Oregon Plan.

During an INR-hosted workshop in November 2003, technical staff from state and federal
agencies, local governments, and nongovernmental organizations specified 15 environmental indi-

cators of basin condition, identifying five (in bold print) as an immediate priority:

AQuATIC AND RIPARIAN ECOSYSTEMS

1. Anadromous fish abundance, distribution, and life histories

2. Coldwater Index of Biotic Integrity (IBI) for fish and for macroinvertebrates (With
the same data, we can report native and nonnative species numbers and distributions for
Indicator 15.)

3. Water Quality Index (WQI) (miles or percent of streams with rating of poor, fair, or
good WQI)

4. Area, distribution, and types of riparian and wetland vegetation

5. Riparian function index based on vegetation and site capability (e.g., large wood recruit-
ment, shade, and nutrient input) and wetland function index based on hydrogeomorphic
(HGM) typing

6. Physical aquatic habitat and estuarine habitat condition

7. Access to freshwater and estuarine habitat (miles of habitat accessible or limited; further
analyze by habitat quality)

8. Frequency of meeting instream water rights

TERRESTRIAL ECOSYSTEMS

9. Area, distribution, configuration, and types of cover for established ecological classes

10. Change in land use and land cover



ESTUARINE ECOSYSTEMS

11. Area, distribution, type, and change in area of tidal and submerged wetlands

12. Index of Biotic Integrity for estuaries

EcosysTem BIoDIVERSITY

13. Number of native plant and animal species and distribution over time (departure from
potential)
14. Artrisk species (aquatic, estuarine, and terrestrial; plant and animal)

15. Percent of nonnative invasive species (focus on subset of known species)

INTEGRATED STUDY DESIGN

The INR worked with the Oregon Department of Environmental Quality, the Oregon
Department of Fish and Wildlife, and the federal Environmental Protection Agency to propose an
integrated study design for collecting data on Native Fish, Indexes of Biotic Integrity and Water
Quality, and Riparian Area Condition and Function. Estimated costs are provided at various scales.

The reporting time frame will depend on the indicator and the sample design. A reporting
time frame of 5-10 years would allow ecosystems to respond perceptibly to both natural distur-
bances and management activities and policies. Shorter reporting periods are likely to reveal very

little change and yet increase costs.

NEexT STEPS

1. The INR recommends that OWEB begin to build understanding, acceptance of, and sup-
port for the proposed indicators and priorities from state, federal, and local governments
and nongovernmental organizations.

2. The proposal to integrate monitoring programs at the data collection level presents several
organizational and budgetary challenges that will require strong partnerships. OWEB
should determine how much support for integrated monitoring is available from state,
federal, and local partners.

3. The proposed study design, while building on current Oregon Plan monitoring approach-
es, will need further refinement. Before state-wide integrated data collection begins, a pilot
study to identify areas for improvement and increase the likelihood for longer term success
would be valuable.

4. OWEB should work with partners to further refine and define study designs and associ-
ated costs for collecting data on the indicators not addressed in the paper’s study design

section.



INTRODUCTION

he Oregon Plan for Salmon and Watersheds (Oregon Plan), initiated in 1997, is a

state-led effort to restore watersheds and recover fish populations to productive and

sustainable levels while providing substantial environmental, cultural, and economic
benefits (CSRI 1997; Governor’s Executive Order EO99-01 1999). Many fish populations
became listed as threatened species during the late 1990s and early 2000s. The original plan
focused on anadromous fish in the Coast Range, but the current Oregon Plan expands the
focus to recovery and conservation of all native fish and watershed health throughout Oregon.
The strategy depends on landowner and community support and volunteer actions, regulatory
programs, and monitoring and research to achieve its goals for watershed and native fish
conditions.

Our ability to evaluate sustainability depends on the availability of sound social, economic,
and environmental indicators. This report focuses on environmental indicators because there
currently are no data or agreed-on indicators to characterize ecological conditions at meaning-
ful scales. Conversely, social and economic indicators are generally agreed on, and available data
allow reporting at meaningful scales. A process to describe existing social and economic indicators
within the same hierarchical scheme proposed for ecosystem conditions in this document has been
initiated by the Oregon Progress Board. Social, economic, and environmental indicators thus will
be linked in a framework that can be used to assess whether we are achieving the goal of sustain-
able communities and watersheds.

The Oregon Watershed Enhancement Board (OWEB) has several key statutory responsibili-
ties regarding implementation of the Oregon Plan, including a requirement to report to the Gov-
ernor and the Legislative Assembly biennially on environmental trends. Although a huge volume
of environmental data is available, much of it is so site-specific that it cannot be used collectively
to assess the condition of broad geographic regions. In order to assess the success of Oregon’s col-
lective restoration investments (state, federal, and private dollars), OWEB is leading an effort to
develop and institutionalize a small set of environmental indicators to be tracked and reported at
a basin scale throughout Oregon. Once defined and agreed on, these indicators will allow Or-
egonians to answer the questions What are the environmental conditions of Oregons basins? Are they
stable, declining, or improving over time? Ultimately, indicators of environmental condition should
support resource management policies and management programs that will lead to more effective

use, protection, and restoration of Oregon’s natural resources.

PurprosEe ofF THis PrRoJECT

The OWEB commissioned the Institute for Natural Resources (INR) to specify a small set

of environmental indicators and their measurement methodology that can quantitatively and con-



sistently measure trends in environmental conditions. Ideally, the environmental indicators will be

used to evaluate 15 Oregon Plan “basins” throughout the state (Figure 1) and will

* detect status and trends in environmental resources over time

* be meaningful at the basin scale

* be sensitive to management actions

o inform policy and land management decision makers (e.g., boards and commissions, agency
staff, legislature) regarding resource-related investments, rules, regulations, and manage-

ment actions

This project introduces a framework for organizing a broad set of sustainability indicators.
We then focus on a subset of four environmental components: Aquatic and Riparian Ecosystems,
Terrestrial Ecosystems, Estuarine Ecosystems, and Biodiversity. We also draft a study approach for

a subset of indicators.

Lower Columbia

Umatilla

Deschutes

Malheur-Owyhee

South _
Coast Lake’s Basins

Klamath

Figure 1. Fifieen Oregon Plan Basins. The basins are based on 3’“’—ﬁe/d hydrologic unit classifications (HUC), modified
to provide more familiar names and to better represent physical and biological diversity in southwest Oregon. Note that
some HUC cross drainage boundaries (e.g., North and South Coast HUC).
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EvALUATING THE OREGON PLAN AT MULTIPLE SCALES

Establishing what indicator monitoring can and cannot provide to decision makers is
important. Monitoring the proposed indicators at a basin scale provides a measure of the status
or condition of given values and, when implemented over time, can measure changes or trends in
those conditions. This is different from establishing that a given action (e.g., the Oregon Plan or
riparian restoration) caused a given condition. To answer the question Do our actions cause im-
proved environmental conditions?, we must successfully establish cause-and-effect relationships. This
requires a different scale than does broad-scale indicator monitoring. Therefore, the state should
invest in nested reach- and small-watershed-scale effectiveness studies to evaluate if restoration
and management practices are contributing to desired watershed conditions. In concert, indicator
monitoring at the larger basin scale, as discussed in this paper, and effectiveness studies at smaller
reach and watershed scales would provide a complete picture of environmental conditions and

indicate whether our actions are having the desired results.



BACKGROUND

Basin ConpITION

or the purpose of this project, basin is defined as the land area, biological communities,

and water bodies contained within a 3"-field hydrologic unit classification (HUC) as

designated by the United States Geologic Survey (Seaber et al. 1987) Although this paper
refers to these as “basins”, they actually represent an aggregation of watersheds that may not drain
to a common water body. Within a 3"-field HUC there may be a mixture of land (terrestrial)
habitats, such as forested mountains and grassy plains. There may also be a combination of aquatic
habitats, such as streams, lakes, reservoirs, freshwater wetlands, and estuarine wetlands. Vegetated
transitional (riparian areas) habitats between terrestrial and aquatic habitats provide unique
habitats that may include meadows, low-growing shrubs, hardwoods, or conifers. Basin condition
therefore is defined as the status of these terrestrial, aquatic, and riparian habitats and the biologi-
cal communities they support within the boundaries of a 3*-field HUC.

Oregon ecosystems support a wide range of aquatic and terrestrial communities that both

shape and depend on basin characteristics to support their life histories. Hydrologic, geologic,
and soil processes, frequency and intensity of natural disturbance, and the climatic and vegeta-
tive characteristics of a basin affect the character, quality, and quantity of terrestrial and aquatic
habitats. The State of the Environment Report (SOER Science Panel 20002) stated that the extent
to which these processes and characteristics reflect natural ranges is considered the best long-term
indicator of basin and aquatic ecosystem “health”. This approach can be problematic and raises
several challenges, such as defining the temporal and spatial scales within which the range is
considered, defining “natural”, and determining the human role within “natural”. Natural is com-
monly defined as conditions before settlement by European-Americans, a yardstick that represents
ecological conditions before industrial human population. Within this definition, the temporal
and spatial scales of processes used to define “natural” should incorporate a range of rates and

extents of disturbances such as fire, flood, and debris flows characteristic of particular ecoregions

or HUC:.

INDICATORS

Indicator, parameter, and attribute often are used interchangeably. The differences are
important. For the purposes of this project, an indicator provides an overarching quantifiable de-
scription; the data parameters or attributes describe specific data collected and used to support or
calculate the value of the indicator. We employ the definition of indicator articulated by Cairns et
al (1993): “An indicator is a characteristic of the environment that, when measured, quantifies the
magnitude of stress, habitat characteristics, degree of exposure to the stressor, or degree of ecologi-

cal response to the exposure.”



Why EstaBLISH INDICATORS?

The fundamental and common driver among the various processes for establishing indica-
tors is to inform decision makers (Montreal 1999, National Research Council 2000, Heinz 2002,
Whitman and Hagan 2003). Whitman and Hagan eloquently describe the utility of indicators in

the following excerpt:

Good indicators will inform us about whether things we value are being maintained (or
sustained), and warn us of an impending breach in a value or a group of values. Typically,
the values we wish to maintain are highly complex (e.g., the economy, biodiversity) and we
cannot afford to measure all the possible components of the system of concern. Indicators are
specific components of these complex systems, that, when measured, tell us a great deal about

the present or future condition of the large system.

Valuable thinking about and implementation of environmental, social, and economic indi-
cators have been abundant at the basin, state, regional, national, and international scales, particu-
larly in recent years (Green Mountain 1998, Montreal Process 1999, National Research Council
2000, Heinz Center 2002, Salwasser and Fritzell 2002, EPA 2003, Hillman 2003, NRTEE &
TRNEE 2003, SOER Science Panel 2000a). All these efforts share a common goal and face simi-
lar challenges:

* a goal to establish an accounting system to track the assets that sustain our social, econom-

ic, and environmental values

* an obligation to bridge the gap between policy and science by informing decision-making

processes with scientifically credible information

* a need to represent highly complex and interconnected environmental, social, and eco-

nomic systems with simple, intuitively meaningful indicators

* a constraint to obtain useful decision-making information based on scientifically defen-

sible data for the least cost

InpicaTOR DeveLoPMENT: CRITERIA AND FRAMEWORK

The process used to establish indicators can profoundly affect the likelihood that the pro-
posed indicators will shed light on the questions; will be supported by the collectors, users, and
stewards of the data; and will successfully inform decision makers. If the process bridges the gaps
among scientific, social, and political stakeholders, it is more likely to be successful. The integrity
of the bridges depends on establishing clear goals, identifying the social values that form the basis
of the goal, and seeking and implementing input into the process from representatives of the
stakeholder communities in a way that focuses on the values and goals of the project.

There are long-established “frameworks” or approaches designed to guide indicator develop-

ment. Most efforts have established principles or qualities of an ideal indicator (Cairns et al. 1993,



National Research Council 2000, Heinz Center 2002, Salwasser and Fritzell 2002, Whitman and
Hagan 2003). Authors commonly recommend using these principles to screen candidate indica-
tors and move towards a less biased, more scientifically rigorous set of indicators. The lists can be

quite long (35 criteria), but for this project we have focused on six characteristics:

¥ Quantifiable: The indicator can be described numerically and objectively.

¥ Relevant: The indicator will be biologically and socially germane to the questions being
asked.

¥ Responsive: The indicator will be sensitive to the stressors of concern.

Vv Understandable: The indicator can be summarized so as to be intuitively meaningful to a
wide range of audiences and pertinent for decision makers.

¥ Reliable: The indicators will be supported by science. Statistical properties will be well
understood and have acceptable levels of accuracy, sensitivity, precision, and robustness.

¥ Accessible: Data are available or collection of necessary data is feasible in terms of cost,

time, and skills.

Whitman and Hagan (2003) went beyond a list of criteria and adapted a long-standing

conceptual framework based on four types of indicators.

v Pressure indicators represent the level of stress related to human activity that affects a
value of interest (e.g., area of timber harvest/yr).

v/ Condition indicators describe the current condition or status of a resource.

v Impact indicators signify the change in a value of interest as a result of a pressure.

v/ Policy Response indicators show the level of action taken to reduce the pressure on a

value of interest.

The Pressure-Condition-Impact-Response framework offers a hierarchy by which to link
indicators with values and goals. This framework acknowledges that our goals are, by definition,
value driven. The inclusion of four types of indicators is compelling in that it provides differ-
ent types of information on which to base decisions. Once established, the process by which we
evaluate if these goals are being met can be based on scientific monitoring. We have adapted the
Whitman and Hagan framework to this Oregon Plan Indicators Project.

In the case of the Oregon Plan, the overall goal is to achieve basin and native fish sustain-
ability (Figures 2-5). Social, environmental, and economic components are associated with this
sustainability goal (discussed further in this paper under “Monitoring Sustainability”). Each com-
ponent, in turn, has a set of associated values described as “ecosystem categories”. For example, we
define the Oregon Plan environmental component with the set of four environmental categories,
which will provide a complete framework for addressing basin and native fish sustainability. Our
ecological understanding of basin sustainability is supported by what is learned from trends in

ecological indicators.
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Figure 2. Schematic of how indicators of aquatic and riparian ecosystem conditions support an understanding of
sustainable basins and native fish (adapted with permission from Whitman and Hagan 2003).
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Figure 3. Schematic of how indicators of terrestrial ecosystem conditions support an understanding of sustainable basins
and native fish (adapted with permission from Whitman and Hagan 2003.)
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Figure 4. Schematic of how indicators of estuarine ecosystem conditions support an understanding of sustainable basins
and native fish (adapted with permission from Whitman and Hagan 2003).
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Figure 5. Schematic of how indicators of biodiversity support an understanding of sustainable basins and native fish
(adapted with permission from Whitman and Hagan 2003).




ReLaTionsHIP oF OREGON PLAN INDICATORS TO OTHER EFFORTS

Our strategy for organizing the environmental indicators into four environmental categories
differs somewhat from current or historic efforts, but there is significant overlap and opportunity
for collaboration. For example, in the Oregon State of the Environment Report (SOER Science
Panel 2000a), the authors evaluated environmental conditions for “key natural resource systems”,
which included water quantity; water quality; marine, estuarine, and freshwater wetlands; and
riparian ecosystems. They further reported findings and recommendations by land use (forest and
rangeland, agricultural, and urban ecosystems), biological diversity, and ecosystem.

The State of the Nation’s Ecosystems Report (Heinz Center 2002) researched 10 “core
national indicators” and 93 ecosystem-specific indicators. The indicators were grouped into four
categories: System Dimensions, Chemical and Physical Conditions, Biological Components, and
Human Uses. Indicators for each of these categories were reported for six “ecosystem” categories:
coasts and oceans, farmlands, forests, fresh waters, grasslands/shrublands, and urban/suburban.
The core national indicators are referenced in Appendix A. The Environmental Protection Agency
(EPA 2003) used a hierarchical system as well, starting with six categories: Clean Air, Purer Water,
Better Protected Land, Human Health, Ecological Condition, and Working Together for Envi-
ronmental Results. The EPA further organized ecosystem condition indicators into six categories:
Landscape Condition, Biotic Condition, Ecological Process, Chemical and Physical Character-
istics, Hydrology and Geomorphology, and Natural Disturbance. Indicators for each of these
categories were in turn reported for each of the six Heinz report ecosystems.

The 1992 Earth Summit called on all nations to ensure sustainable development, including
the management of all types of forests. Following the summit, Canada convened an International
Seminar of Experts on Sustainable Development of Boreal and Temperate Forests. This seminar,
held in Montréal in 1993, focused specifically on criteria and indicators for boreal and temperate
forests and how they can help define and measure progress towards conservation and sustainable
development. Ten countries participated (with the addition of two more in 1995), representing
over 90% of the world’s temperate and boreal forests. In 1995, from Santiago, Chile, the original
10 countries issued the ‘Santiago Declaration’, which identified 7 criteria and 67 indicators. Rath-
er than comparing all 67 indicators to the proposed Oregon Plan Indicators, this report focuses on
those that have been considered for use in Oregon by the Oregon Department of Forestry (ODF)
and evaluated by Salwasser and Fritzell (2002).

Relationships between proposed Oregon Plan indicators and those used for other state,
regional, and national projects are illustrated in Appendix A. In this report, we organize existing
indicators for Oregon and the nation in a hierarchical framework, which links environmental
benchmarks with those addressing the broader topic of sustainability. Taking a subset, we then

propose a method for collaborative data collection and reporting.



IMONITORING SUSTAINABILITY

o sustain” literally means “to keep going, or keep in effect as an action or process”.

Through the Oregon Plan, Oregonians have established that we value environ-

mental quality, not only for the natural resources vital to the state’s economy and
social values, but also for ecological sustainability. There are many practical definitions of sustain-
ability, most of which project a state of well-being into the future, maintained by a self-perpetu-
ating process. Oregon’s Independent Multidisciplinary Science Team described the recovery of
endangered or threatened salmon as the process by which “the decline of an endangered or threat-
ened species is arrested or reversed, and threats to its survival are neutralized, so that its long-term
survival in nature can be ensured” IMST 1999). The US Fish and Wildlife Service (USF & WS)
defined the goal of the recovery process as the maintenance of secure, self-sustaining wild popula-
tions achieved with the minimum necessary investment of resources (IMST 1999). The OWEB
strategy for achieving healthy watersheds (OWEB 2001b) links healthy watersheds with thriving
communities in the vision to “help create and maintain healthy watersheds and natural habitats
that support thriving communities and strong economies”.

Effective indicators of sustainability provide a balanced view of environmental, social, and
economic conditions at the scale of interest (community, ecoregion, basin, county, etc.). This is
particularly attractive when considering Oregon because of our social and economic success that
stems from fertile agricultural valleys and productive forests, abundant fishery resources, and a
diverse array of recreational opportunities. The three sustainability components and examples of

related values are listed below:

e Environmental Values
* Aquatic Communities
e Aquatic and Riparian Ecosystems
* Terrestrial Ecosystems
* Estuarine Ecosystems

* Biodiversity

@ Social Values
* Land Stewardship
* Land Management and Policies
e Fish Management: Harvest and Hatcheries

e Education

® Fconomic Values
e Sustainable Economies

* Poverty and Employment Rates



The Oregon Progress Board has developed a strategy for monitoring sustainability in Or-
egon “based on the assumption that the social and economic well being of Oregonians depends
on the inter-connectedness of quality of jobs, a sustainable environment, and caring communities”
(Oregon Progress Board 2003). This approach emphasizes the three components of sustainability
(social, environmental, and economic) and recognizes that the three components must be consid-
ered simultaneously in order to monitor sustainability effectively. As noted earlier, the remainder
of this paper focuses on the environmental component, where the need is greatest because of a

lack of agreed-on indicators and supporting data.



ProrosING ENVIRONMENTAL INDICATORS FOR THE OREGON PLAN

he environmental indicators presented in this paper relate particularly to a subset
(75-89) of the environmental benchmarks described in the Oregon Progress Board’s
Benchmark Performance Report (Oregon Progress Board 2003). The benchmarks have
been significantly reviewed and revised; the current versions are described on the Oregon Progress
Board Web site (http://www.econ.state.or.us/opb/03050bms/Environ.pdf). The relationship be-
tween the Oregon Plan Indicators and Progress Board Benchmarks are summarized in the Appen-
dix, along with other environmental indicators specified in regional and national reports.
The INR hosted a workshop in November 2003 for technical staff from state and federal
agencies, local governments, and nongovernmental organizations. The participants designated
15 environmental indicators (Table 1), identifying five as an immediate priority. The proposed
indicators have been ranked against the six principles of a suitable indicator discussed earlier. Each
of the proposed indicators ranked well against this small set of principles, but none was without
limitations or challenges (Table 2).
The reporting time frame will depend on the indicator and the sample design. Five to 10 years
would allow ecosystems to evolve and change in response to both management activities and policies and

natural disturbances. Shorter reporting periods are likely to reveal very little change and yet increase costs.

Table 1. Proposed environmental indicators of basin condition. Indicators in boldface type were ranked as of im-
mediate priority in the November 2003 workshop.

Aquatic and Riparian Ecosystems

1. Anadromous fish abundance, distribution, and life histories

2. Coldwater Index of Biotic Integrity (IBI) for fish and for macroinvertebrates (With the same data we
can report native and nonnative species numbers and distributions for Indicator 15.)

3. Water Quality Index (WQI) (miles or percent of streams with rating of poor, fair, or good WQI)

4. Area, distribution, and types of riparian and wetland vegetation

5. Riparian function index based on vegetation and site capability (e.g., large wood recruitment, shade, and
nutrient input) and wetland function index based on hydrogeomorphic (HGM) typing

6. Condition of physical aquatic habitat and estuarine habitat

7. Access to freshwater and estuarine habitat (miles of habitat accessible or limited; further analyze by habitat
quality)

8. Frequency with which instream water rights are being met

Terrestrial Ecosystems
9. Area, distribution, configuration, and types of cover for established ecological classes
10. Change in land use and land cover

Estuarine Ecosystems
11. Area, distribution, type, and change in area of tidal and submerged wetlands
12. Index of Biotic Integrity for estuaries

Ecosystem Biodiversity
13. Number of native plant and animal species and distribution over time (departure from potential)
14. At-risk species (aquatic, estuarine, and terrestrial; plant and animal)
15. Percent of nonnative invasive species (focus on subset of known species)




Table 2. Aquatic and Riparian, Terrestrial, Estuarine, and Biodiversity indicators, assessed according to the indicator criteria
discussed on p. 15. Indicators have been preliminarily ranked on a scale from 1-3 on likelihood to meet the criteria. 1

= likely to meet, 2 = likely to meet with the specified challenges, 3 = unknown certainty or unlikely to meet the criteria.
Indicators identified as an immediate priority at the November 2003 workshop are in bold.

Total
1. 3. 4, 5. 6.' (6 = best;
Indicator Quantifiable Relevant Responsive  Understandable Reliable  Accessible 18 = worst)
Aquatic and Riparian
1. Anadromous fish 1 2: Responsive to 1 2:Challenges with 1 8
abundance, distribution multiple stressors precision for trend
and life histories detection due to
natural variability
2. Coldwater Index of 1 1 2:Requires some 1 1 7
Biotic Integrity for fish and technical
for macroinvertebrates explanation
(With these data, we also
can report native and
nonnative species numbers
and distributions for
Indicator 15.)
3. Water Quality Index 1 1 1 2: Challenges 1 7
(WQI) (miles or % of with seasonal
streams with rating of variability not
poor, fair, or good WQI) being captured
4. Area, distribution, and 1 1 1 1 3:Remote 8
types of riparian and data are of
wetland vegetation limited value
5. Riparian function 2:Need 1 2:Depends 1 3: Remote 10
based on vegetation agreed-on on index data are of
and site capability index of of function limited value
(e.g., large wood “function”
recruitment, shade, and
nutrient input) and wetland
function based on HGM typing
6. Condition of physical 1 2:Response may be 1 2: Natural 1 8
aquatic habitat and overshadowed by variability may

estuarine habitat

7. Access to freshwater 1
and estuarine habitat
(miles of habitat accessible
or limited; further analyze
by habitat quality)

large disturbance events dampen precision

1 1 1 2: Challenge 7
to obtain
complete census

continued



Table 2. continued

Total
1. 2. 3. 4, 5. 6.' (6 = best;
Indicator Quantifiable Relevant Responsive  Understandable Reliable  Accessible 18 = worst)
8. Frequency with which 1 2: Depends on  2: Response 1 2: Reliability ~ 1: Modeled 9
instream water rights how the may be over- may be limi-  approach
are being met rights were  shadowed ted by natu-  currently being
established by natural ral variability  used for
variability in in flow and 2003-2004
flow and complex complex hydro- Oregon
hydrologic processes logic processes Plan Assessment.
Terrestrial
9. Area, distribution, 1 1 1 1 2: Challenges 1 7
configuration, and with precision to
types of cover for evaluate trends
established ecological
classes
10. Change in land 1 1 1 1 2: same as above 1 7
use and land cover
Estuarine
11. Area, distribution, 2: Challenges 1 1 1 1 1 7
type, and change in with
area of tidal and establishing
submerged wetlands ~ baseline
12. Index of Biotic 2: IBI not 1 1 2: Requires 1 3: Need to 10
Integrity for established yet some technical develop IBI
estuaries explanation
Biodiversity
13.Number of native 2: Challenges 1 1 1 2:Challenges 1 8
plant and animal with establishing with precision
species and potential to evaluate
distribution over trends
time (departure from
potential)
14. At-risk species 1 1 1: Although 1 1 1 6
(aquatic, estuarine, may also
and terrestrial; plant simply reflect
and animal) policy shifts
15.Percent of nonnative ~ 2: Need 1 1 1 1 2: No 8
invasive species manageable systematic
(focus on subset of subset of species evaluation
known species) to focus on

'Data needed for most of these indicators are not currently available statewide. A rating of “1" therefore reflects an assessment of the ability to acquire
data, given collection costs and available technology.



PrioriTY ENVIRONMENTAL INDICATORS

Eventually, tracking a component of each environmental indicator group and combining the

findings from environmental, social, and economic indicators to provide a balanced picture of en-

vironmental trends and sustainability in Oregon will be important. The state is unlikely, however,

to be able to pursue all the proposed environmental indicators simultaneously. The following dis-

cussion evaluates the immediate priority indicators identified during the workshop in more detail.

AquATic AND RIPARIAN ECOSYSTEMS

Status and trends in aquatic and riparian conditions comprise eight indicators, all of which

concern condition (Table 1). The four indicators identified as a high priority are discussed below.

Examples of available data are provided in Table 3.

Table 3. Summary of priority aquatic and riparian ecosystem indicators, data needs, and sample design, with examples of
currently available data.

Aquatic Biota Currently Available Scale of
Indicator Data Needs Sample Design Data Available Data
Native fish abundance, e Native fish adult Spatially balanced o Coastal streams since 1998 4-field HUC
distribution, and life abundance random sampling ¢ John Day
histories e Lower Columbia River
tributaries, 2003
* ODF&W started in early
1990s using stratified
random sampling
e Juvenile abundance: Spatially balanced Coastal streams since 1998 3¢-field HUC

Coldwater Index of
Biotic Integrity

Fish/m? and pool
occupancy

Coho smolt abundance:
total number of migrants

*Dam counts

® Species richness &
relative abuncance
of fish & other aquatic
organisms, & health
of the organisms

Need to develop index
based on reference

conditions for some HUCs

random sampling

Life cycle basins'

Spatially balanced
random sampling;
reference sites

Various streams & start/
end dates

e Winchester Dam:
N. Umpgqua

¢ Columbia

¢ Willamette Falls

o Coastal streams since 1998
¢ Willamette, John Day &
Deschutes

Small scattered streams

3r-field HUC

continued



Table 3. continued

Aquatic Biota Currently Available Scale of
Indicator Data Needs Sample Design Data Available Data
Water Quality Index * Temperature Spatially balanced Coastal streams since 1998; o 3-field HUC
¢ Dissolved oxygen random sampling ambient sites statewide e Subwatersheds
* Bacteria since 1960 for ambient data
o Turbidity
. pH

* Phosphorus

e Nitrogen, nitrate, &
ammonium nitrate

e Macroinvertebrates

* BOD
e Total solids
Area, distribution, o Acreage/miles of stream e Field: Spatially o Field: FIA plots, state e FIA: State
and types of riparian with vegetative coverin  balanced random, and/ e AREMP ¢ Remote: Select
and freshwater one of the following or augment current FIA Remote: Low-level air photos ~ watersheds
wetland vegetation categories: hardwood, plots for value at the (DOA), certain watersheds; e Ground-based
softwood, hardwood/ 3¢ field HUC DEQ-TMDL data satellite: plots: reach
softwood mix, shrub, ¢ Remote: Use 1:100K field plot comparisons for e Interagency Workplan:
grassland, shrub/grass- hydro layer as a guide to  select watersheds Combine all at
land mix, row crops, select scenes, then o CLAMS 3- to 4%-field HUC
pasture, impervious area,  use Gradient and o EPA, USF&WS, DSL and OWEB:
bare ground Nearest Neighbor Change in wetland acreage

« 35mremote sensed  below 100 m. Time frame,
« 5 mremote sensed between 1984 and 1999;
« 0.5 m aerial photos available in 2004
e Acreage & location
of wetlands by HGM type

"These sites could be considered for watershed scale effectiveness studies, and possibilities to replicate the approach to other basins should be evaluated.
May need to place adult traps where the smolt traps are located. Look for opportunities to link with or build on other watershed scale studies in the region.

ANADROMOUS FISH ABUNDANCE, DISTRIBUTION, AND LIFE HISTORIES

Indicators of abundance and distribution of native anadromous fish are singled out from
those for other species because the focus of the Oregon Plan historically has been on recovery of
threatened fish populations. Therefore, the Oregon Plan goal for sustainable fish populations can
only be monitored if we track the numbers and distribution of threatened fish species. Life history
trends (i.e., size, age, and weight, combined with migration timing) in native fish are also critical to
understanding how management decisions may be influencing population vigor. Because moni-

toring life history trends is challenging, we typically retreat to reliance on fish numbers to inform



our management decisions, but such an approach is incomplete. In a few cases, life history studies
provide some data to allow examination of run timings, sizes, weights, and ages of fish and answer
questions such as Are fish maturing faster and coming back smaller? Although life-history monitoring
was identified as a high priority, we limit discussion in this report because Oregon Department of
Fish And Wildlife (ODF&W) is formulating species conservation plans as directed by its Native

Fish Conservation Policy. These plans will contain information on life history monitoring needs.

INDEX OF BioTiC INTEGRITY

Anadromous fish indicators focus on a small component of aquatic communities and
respond to multiple pressures and conditions that challenge interpretations. Therefore, we rec-
ommend using an IBI to broaden our understanding of aquatic ecosystems. The use of an IBI
provides a more comprehensive index of aquatic organisms, including native fish, and incorpo-
rates reference conditions as a measure of the relative “health” of the aquatic environment. An IBI
combines measures of multiple biological indicators, such as species richness, relative abundance
of specific organisms, and health of the organisms, to rate the condition of the system (Hughes et
al. 1998, Mebane et al. 2003, Hughes et al. 2004). The data also can be used to evaluate pressures

from introduced species.

Warer QuaLity INDEX

Trends in water quality conditions are proposed as an indicator because of the relative sensi-
tivity to management, the availability of data, and the importance of water quality to native fish.

Multiple parameters (Table 3) are tracked and used to calculate one WQI.

ARrea, DistriBution, AND Types of RipAriAN AND WETLAND VEGETATION

Undoubtedly one of the greatest needs is to understand riparian conditions in the state at
broad landscape scales (SOER Science Panel 2000a). This need has been articulated by the IMST,
the Core Team for the Oregon Plan, multiple natural resource agencies, nongovernmental organi-
zations, and researchers. The value of riparian data for Oregon Plan indicators is in the sensitivity
of riparian vegetation to management and its linkages with water quality and aquatic and terrestrial
habitat and communities. Protection, maintenance, and improvement of riparian areas also rep-
resent key management approaches to conservation of aquatic species currently considered at risk.
Therefore, improving the ability to report on riparian conditions could vastly improve the likeli-
hood of understanding environmental changes over time that are sensitive to management and
restoration investments and have well-understood linkages to the health of basins and native fish.

In March 2003, an interagency team wrote a work plan for developing riparian landscape

condition assessments (State Interagency Work Group 2003). The report established the need



for interagency efforts to collect riparian data at multiple scales, using three types of data (satel-
lite imagery, aerial photography, and field plots), and a structure for implementing the work. If
implemented, this work plan would provide basic information on the area, distribution, and types
of riparian vegetation. The indicators recommended in this paper could be acquired in a subset of
basins by implementing the pilot study described in the interagency work plan.

Freshwater wetlands provide unique and diverse functions with regard to aquatic and basin
health. These functions vary by ecosystem (e.g., Klamath Basin versus Cascades or Willamette
Valley) but commonly include water storage to delay flood runoff, fish and wildlife habitat, and
improved water quality. Indicators are proposed that are significant to ecological condition and
sensitive to change. Wetland data are currently being collected by the EPA, USF&WS, the Or-
egon Department of State Lands (DSL), and OWEB and will be available in 2005.

TeERRESTRIAL ECOSYSTEMS

Status and trends in terrestrial conditions are addressed by Indicators 9 and 10 (Table 4).
Both Indicators 9 and 10 are relevant and sensitive to management. They can be used to quantify
pressure and conditions. Indicator 10, Land Use and Land Cover Changes, was identified as an
immediate priority at the workshop.

Land use change analyses are currently available from 1973 to 2001 for nonfederal lands in
Oregon (Lettman et al. 1999, Lettman et al. 2004). The data were compiled from aerial photo-
graphs and US Forest Service (USFES) Forest Inventory and Analysis (FIA) plot data. Land cover

change analyses will require further refinement of cover classifications for terrestrial ecosystems.

EsTuARINE ECOSYSTEMS

Estuaries are important both for our social and economic needs and from an ecological
perspective. Oregon’s 22 estuaries provide unique ecological functions because they are transition
zones that integrate the basins they drain with the marine environment. Estuaries are ecological
“hot spots’ boasting exceptionally high biological productivity and providing habitat that serves
critical life stages of a wide variety of marine and anadromous species (SOER 2000b, Chapter I1I).
The proposed indicators were selected because of their ecological importance and sensitivity to
environmental change. While the estuarine indicators were not identified as an immediate priority
and will not be discussed further in this paper, data are available that can provide a synoptic report
on various estuarine qualities (EPA 1999). A cooperative effort among the EPA, the USF&WS,
the DSL, and OWEB will generate wetland change data for all of Oregon coastal wetlands below
100 m elevation. This data will be available for the change between 1984-1999 for the entire
coast in 2005.



Table 4. Summary of terrestrial ecosystem indicators, data needs, sample design, and currently available data.

Terrestrial Indicators

Terrestrial Data Needs*

Currently Available Data

Sample Design

Type and source

Scale

Area, distribution,
configuration, and

type of cover for

established ecosystem NLCD layer grouped to align

and cover classes

Land use and land
cover changes

Need an agreed-on classification Combination of plot
data and remote

system. Could include those
used by the USGS in the sensing data
Statewide
with broad land-use categories:
Water Report every
Open water 10 years

Perennial ice/snow
Urban
Low-intensity residential
High-intensity residential
Commercial/Industrial/
Transportation
Bare/Mining
Bare Rock/Sand/Clay
Quarries/Strip mines/Gravel pits
Forest
Transitional
Deciduous forest
Evergreen forest
Mixed forest
Shrubland
Shrubland
Farmland and Grazing
Orchards/Vineyards/Other
Grasslands/Herbaceous
Pasture/Hay
Row crops
Small grains
Fallow
Urban/recreational grasses
Wetlands
Woody wetlands
Emergent herbaceous wetlands

Other potential indicators include
impervious area and road density
separately from the Urban Class.

Subclasses might include total density

density within 100 ft of streams, and
density on steep slopes

Conversions from farming

urban or rural residential
and back again
Conversions to conservation
use
Urban sprawl

Air photos and
or forestry or grasslands to  FIA plot data

USGS National Land Cover
data; most recent is 1990.
Forest Condition Analyses
Forest Type(C) by structural stage:
FIA plots combined with
satellite imagery
Fire Condition Class (C):
USFS (Missoula) and FIA
or satellite
Forest Management Trends (P):
Land use boundaries within
various management classes
The Nature Conservancy (TNC):
Remote, Cascades not complete
yet, also part of ODF&W
Conservation Plan
Farmland and Grazing Data
NRCS-NRI: Soil and vegetation
condition compared to
potential natural community,
plot data
TNC: Remote, Cascades not
complete yet, also part of
ODF&W Conservation Plan
Available Urban
Sprawt Northwest Environmental
Watch
Portland Metro: Area providing
intact riparian areas

ODF and TNC studies

Statewide

Statewide; EO is a mix
of years and sources

Statewide and national;
current

Statewide; 1960—
current

Statewide, by ecoregion,
every 10 years

Statewide-every 5
years until 2004,
then every year.

Doesn't revisit sites.

Statewide by ecoregion,
report every 10 years

Portland area
Portland metro has
riparian data

1973-2000, statewide

*C = condition data, P = pressure data, PR = policy response data



Ecosystem BioDIVERSITY

The need to understand the biodiversity of ecosystems is common to the other four envi-
ronmental values identified in the framework—aquatic and riparian, terrestrial, and estuarine
ecosystems. Biodiversity has been described as the variety and variability of living organisms. It
includes the diversity of ecosystems, as well as the diversity between and within species. Protecting,
maintaining, and restoring native biological diversity at both local and landscape scales is impor-
tant for sustaining the biological systems humans depend on—their web of life and the ecological
processes that all species need to survive (Salwasser and Fritzell 2002). Indicators 13, 14, and 15
(Table 1) are recommended for tracking the biodiversity of ecosystems. Although the biodiversity
indicators were not identified as an immediate priority for this project and will not be discussed
further in this paper, available data can provide a synoptic report on various biodiversity qualities.
It is also important to note that the state of Oregon is undertaking a statewide conservation plan
and biodiversity assessment. The final Oregon Plan indicators should be synonymous with those

identified in the statewide conservation plan and assessment.



DATA MANAGEMENT AND INFORMATION SYSTEMS

electing an appropriate data management tool that facilitates the sharing of data among

partners will be critical. This is especially important because it is likely that the information

will be collected by multiple sources. An interagency project, funded by OWEB, initiated
a data library in 2003. This system provides a data clearinghouse for the Oregon Plan Assessment,
also initiated in 2003. Eventually, the data library may be used for both housing and distributing

natural resource data.

DRAFT STUDY APPROACH FOR A SUBSET OF INDICATORS: FisH
DisTrRiBUTION & ABUNDANCE, INDEX OF BioTIC INTEGRITY,

WAaTER QuALiTY INDEX, AND RiPARIAN CONDITION

he overarching questions articulated in the Introduction—What are the conditions in

Oregons basins? Are they stable, declining, or improving over time? Do our actions cause im-

proved environmental conditions>—are combined into one general question for this study
design:

Are restoration projects and land management practices protecting andlor improving aquatic com-
munities, aquatic ecosystems, and riparian ecosystems?

We propose collecting data for Fish Abundance & Distribution, an IBI, a WQI, and Ripar-
ian Characteristics within the same sampling scheme (e.g., at the same places and with the same
strata or classes). Some of the challenges to this approach include the need to visit some of the sites
several times in 1 year in order to measure water quality accurately. Also, capturing accurate mea-
sures of fish distribution and abundance may require an increased density of sites in areas popu-
lated by specific species of interest. The approach we propose, however, can answer some specific

questions (Table 5).

Table 5. Monitoring questions and indicators that can be used to answer specific questions. The questions are
posed to address conditions at the “basin” scale, in this case the 3"-field HUC. The sample design can be adapted
to other scales, for example, “provinces” or ecoregions, in which case basin would be replaced with “province” or
ecoregion.

Monitoring Questions' Indicators

What fish and amphibians occur most commonly? 1Bl

What aquatic and riparian nonnative invasive spe-  IBI; Riparian Area, Distribution, & Cover (also develop ripar-
cies occur most commonly? ian index)

What percent of stream miles are in good, fair, and  IBI; WQI; Riparian Area, Distribution, & Cover (also develop
poor condition for aquatic biota, water quality, and  riparian index)

ey R .
riparian condition? continued



Table 5 continued

What streamside vegetation occurs most com-

monly?

What parameters represent the main stressors (e.g.,
sediment, temperature, nutrients) to aquatic biota?

What is the salmonid abundance?
What is the salmonid distribution ?

What targets or benchmarks represent attainment
of biotic, water quality, and riparian condition or

function?

index)

riparian index)

Riparian Area, Distribution, & Cover (also develop riparian

[BI; WQI; Riparian Area, Distribution, & Cover (also develop

Fish Abundance & Distribution plus spawner surveys
Fish Distribution & Abundance, Habitat Quality

[BI, WQI, Riparian Area, Distribution, & Cover (also develop
riparian index), Habitat Quality

! All monitoring questions except the last are considered with respect to two subquestions: How is this changing over time? and How does this vary

within land classifications of interest ( stream size, land use, etc.)?

Indicator

Definition

INDICATOR DEFINITIONS AND PARAMETERS

Parameters

Fish Distribution and
Abundance

Index of Biotic

Integrity (IBI)

Numbers and distributions of salmonids.
This grouping includes “canary-in-the-
coalmine” species, as well as fish that are
listed or vulnerable to listing. It also
tracks the numbers and distribution

of species throughout the measurement
unit. The species conservation plans
being formulated by the ODF&W will

include life history monitoring needs.

Observations are compared with those
in reference reaches. Separate indices
will be established for invertebrates and
vertebrates. RIVPACS (a multivariate
model) will be used to evaluate inverte-
brates. A vertebrate multimetric model
will be used to evaluate fish and aquatic
amphibians. RIVPACS and vertebrate
models have been developed (Hughes et
al. 1998, 2004) and are available for use.
(The current RIVPACS model applies to

Western Oregon only.) Periphyton should

Species, age, count (snorkel-
ing and electrofishing).
Adults will have to be
monitored with a separate

sample.

Invertebrate IBI: Species and

abundances

Vertebrate IBI (fish and
aquatic amphibians):
Species, abundances,
size, anomalies (diseases,

deformities, tumors, lesions)



Water Quality Index
(WQI)

Riparian Condition

also be considered as an indicator because
it is relatively inexpensive to collect and
analyze and is not constrained by a
permitting process, as fish sampling is.

It is also sensitive to management and
can be used to detect various anthropo-

genic disturbances and stresses.

The parameters listed are compared
with values established by the Oregon
Department of Environmental Quality
(DEQ) from reference conditions or
standards. Multiple parameters are

combined into one index.

Measures of streamside vegetation and
land-use characteristics. Species, size,
cover, and distribution; land use categ-
ories; and cover over the stream are
measured. An index for riparian condi-
tion still needs to be developed or agreed
on. EPA’s EMAP has developed a riparian
disturbance index that incorporates these
variables. We may also consider using site
capability as described by the Oregon
Department of Agriculture (ODA) and
used in collaboration with some total
maximum daily loads (TMDLs). Func-
tional aspects that vary by ecosystem (e.g.,
meadow, shrub, forest) and goals may also
be incorporated. The precision, accuracy,
and responsiveness of these alternatives

need to be evaluated.

Temperature, pH, bacteria,
phosphorus, nitrate, nitro-
gen, ammonium nitrate,
dissolved oxygen, biological
oxygen demand (BOD),
total solids (Revisiting a
subset will be necessary to

determine seasonal trends.)

To be determined by
existing methods [e.g.,
AREMP, DEQ, EMAP,
FIA, Greenline, ODA,
ODE ODF&W, PIBO
(Windward 2000)]. Data
parameters typically include
but are not limited to,
understory and overstory
vegetative species; size
(diameter and/or height);
cover over the stream and
within the riparian area;
distribution relative to the
stream of trees, snags,
shrubs, and herbs; domi-
nant land use categories
(forestry, agriculture, range,
urban, rural residential,
open space); stubble height;
vegetative buffer width.



SAMPLING DESIGN

Random probabilistic: We propose an EMAP (random probabilistic) sampling design with a 5-
year rotating panel. A similar design has been implemented in the state for various projects,
including EMAP and Oregon Plan monitoring by EPA, DEQ, and ODF&W.

Sample size and precision: We propose 50 sites

Table 6. Indicator and expected precision with 50 sites per  per classification unit (e.g., 3%-field HUC,

classification unit (basin, province, etc.). province, or ecoregion) plus 50 additional ref-
Indicator Precision (%) erence sites. This equals 300 sites for 5 prov-
IBI 12-15 inces or 800 sites for 15 basins. In general, as
waQl 12-15 sample size increases and variability decreases,
Riparian characteristics 5-40 (depends on the precision in estimating conditions increas-
indicator) es. The expected precision of an estimate of
Fish abundance and distribution ~ 20-40 the average “condition” for a given sample size

is provided for each parameter in Table 6.

Five-year rotating panel: This approach involves visiting a subset of sites each year until the desired
sample size is attained after 5 years. For example, visit 60 sites a year for 5 years (300 sites)
for province-level sampling, or visit 160 a year for 5 years (800 sites) at the basin scale. It will
be necessary to return to a subset of sites every year, as well as a subset of sites several times a
year, in order to characterize some WQI components adequately.

This approach presents three advantages:

* Sample size increases after the first 5 years, because we would start a new set of 300 (five
provinces) or 800 (15 basins) sites.

* We can report a preliminary statewide picture every year with increasing precision over time.

e After the first 5 years, we can report on the classification unit of interest (e.g., provinces or
3"-field HUC), and every year after that begin reporting on trends.

Sampling Frame: The sampling frame currently available is the 1:100,000-stream layer. The
1:24,000 stream layer will provide a superior sampling frame if it is available when this proj-
ect is implemented.

Classifications: The goal of this project was to describe indicators that could describe ecological
conditions for 15 3"-field HUCs throughout Oregon. An additional goal was to propose a
cost-effective study design for collecting data on those indicators. The necessary sample size
for acceptable precision (<15-20%) increases with increasing number of classifications (e.g.,
5 provinces versus 15 basins). Therefore, we offer alternatives to the 15 Oregon Plan Basins
and associated budget estimates.

1. Landscape classes. The greatest limitations to implementation of this program are costs.
Creating fewer classifications reduces costs. Each of the following classifications is desirable

for the reasons described.



* 15 Oregon Plan Basins: OWEB has defined 15 3*-field HUC reporting basins (Figure
1). Sampling schemes will allow inferences for each of the 15 basins.

* 5 DEQ Provinces (Draft): DEQ is considering 5 provinces that would meet the agen-
cies’ programmatic needs (statewide monitoring that addresses TMDLs and permitting
programs) and be cost effective to implement. Use of provinces would increase collab-
orative and cost-reduction opportunities.

* 9 Ecoregions, Level I1I: Ecoregions stratify the environment into areas with generally
similar type, quality, and quantity of environmental resources. EPA Ecoregions were
specifically designed through an interagency effort to develop a common framework
on which to base ecological research and monitoring (EPA 2003). A hierarchical
scheme, designated by roman numerals, has been adopted for different levels of ecolog-
ical regions. The EPA has defined 9 level III and 65 level IV ecoregions within Oregon.
This project can be designed to characterize the environment for Level III Ecoregions.

* 7 ODF Georegions: Oregon Department of Forestry rules vary regionally and scale
down the ecoregions into 7 georegions. Results would align with ODF policy and
program questions.

* 8 Fishery Basins: The above delineations may not align with fish populations and distri-
butions. The following combinations may provide better strata when considering fish

abundance and distribution:
Umatilla, Grand Ronde and John Day
Lake Owyhee and Powder
Hood and Lower Columbia and Willamette
North Coast, Umpqua, South Coast to Cape Blanco
South Coast
Rogue
Deschutes

Klamath

2. Stream size. An additional stream size subclass should be considered for each landscape

class as defined by stream order: Headwater (1% order), Wadeable (2*-4" order), and Boatable

(>4" order). If stream flow is modeled and mapped for the whole state at the time this project

is implemented, the use of stream flow would be a superior sampling subclass to stream order.
Post-stratification: Intrinsic characteristics of the environment will influence the observed spatial

and temporal trends of indicators such as water quality, IBI, and vegetation. The data will be

“post-stratified” so that indicators can be reported in the context of this natural variability.

Possible strata include
*  Geology: geology can be considered categorically.
* Gradient: gradient can be considered on a continuum or categorically.
* Landform: landform can be considered categorically.
* Valley width: valley width can be considered categorically.
* Stream size: stream size can be considered categorically. If it is not a sample classifica-
tion, it should be addressed with post-stratification.
* Elevation: elevation can be considered on a continuum or categorically.



* Natural disturbance and cycles: natural disturbances and cycles that have broad influ-
ence on the priority indicators will be accounted for in the analyses. These include
fires, floods, droughts, windstorms, and ocean conditions.

* Land-use classes: It will be useful to describe the results for various political and land-
use boundaries when making management and policy decisions. These may include
land-use classes such as urban, rural residential, agriculture, range, and forestry.

* Ecoregion: if ecoregion isn't used for the initial landscape class, it should be used as a

pre- or poststratification.

AssesSING TRENDS

The indicators are designed to provide a measure of condition, but when tracked over time
they can also provide an index of change over time. To answer the question s there a difference
between years?, we will use a step-trend (box-and-whisker plot) analysis. To answer the question /s
the trend improving, degrading, or staying the same?, we will use a monotonic (regression) analysis.

Trend analyses can be reported every year, with increasing certainty over time.

EsTimATED CosTs

Establishment of a statewide coordinated effort may be able to leverage other funds, especially
if it is linked to programmatic interests and national efforts such as the EPA EMAP program. There
may also be opportunities to build on existing state and federal programs and program budgets.

The estimated cost for collecting, processing, managing, and analyzing data is about
$8,126/site with a design of 50 sites for 5 provinces plus 50 reference sites. Tables 7-9 summarize
and break down costs. The costs/site vary, depending on the design, because some expenditures do
not change with increasing sample size. For example, two data managers and analysts are recom-
mended, regardless of sample size (Tables 8 and 9). Total costs over 5 years are estimated at $5.8
million to report on 15 Oregon Plan Basins. Costs range from $2.5 million to $12.9 million,

depending on study design decisions.

Table 7. Number of samples and total estimated costs for the various classification systems.

Number of Trend and Estimated Rotating

Reference Sites over 5 Estimated Annual Panel Costs over 5
Classification System (number) Years (and per Year) Costs ($) Years ($)
DEQ provinces (5) 300 (60) 487,564 2.5 million
Fishery basins (8) 450 (90) 693,346 3.5 million
OWEB basins (15) 800 (160) 1,154,192 5.8 million
*DEQ provinces (5), 3 subclasses 900 (180) 1,265,724 6.3 million
*Fishery basins (8), 3 subclasses 1350 (270) 1,570,038 7.9 million
*OWEB basins (15), 3 subclasses 2400 (480) 2,574,512 12.9 million

*150 reference sites rather than 50, due to 3 subclasses within each landscape class.



Table 8. Estimated annual and 5-year costs for five provinces without subclasses. The calculations assume
60 sites/year for a total of 50 sites per province and 50 reference sites after 5 years.

Annual Costs ($) Estimated Costs ($)

Expenditure for 60 Sites  over 5 Years for 300 Sites
2 crews of 3 @$5000/mo for 4 months to do 60 sites 120,000 600,000
Travel ($85/night-commercial) 5 nights for 3 months for 6 people 24,480 122,400
Project Coordinator 110,000 550,000
Data Manager and Analyzer (@$95K/year) step 3 95,000 475,000
Data Manager and Analyzer (@$105K/year) step 4 105,000 525,000
Vehicles-2 @$1000/mo for 3 months with travel plus 9 months “parked” 12,000 60,000
Overtime (10 hours/week) @$22/hour 1,584 7,920
WQ Data/lab processing @$125/site 7,500 37,500
I-1BI Data/lab processing @$150/site 9,000 45,000
V-IBI Data/lab processing @$50/site 3,000 15,000
TOTAL 487,564 2,437,820
Per-site estimate 8,126
Table 9. Annual costs ($) for various classification schemes.
Classification System
5DEQ 8 fisheries 15 OWEB
8 fisheries 15 OWEB  provinces, 3 basins, 3 basins,
basins basins subclasses subclasses 3 subclasses
5-year Sample Size Number of Reaches
50/unit plus 50 reference reaches 450 800 900 1350 2400
(no subclass) or 150/unit plus
150 reference reaches (3 subclasses)
Number of Crews and Expenditures ($)

Explanation of Costs 3 6 7 9 16
3 people/crew @5000/mo, including 180,000 360,000 420,000 540,000 960,000
OPE, for 4 months to do 30 sites
Travel ($85/night-commercial) 36,720 73,440 85,680 110,160 195,840
5 nights for 3 months for each
crew member
Project Coordinator: (1 for 2-3 110,000 220,000 220,000 220,000 330,000

crews, 2 for 69 crews, 3 for 16
crews), including OPE

continued



Table 9. continued

Classification System

5DEQ 8 fisheries 15 OWEB
8 fisheries 15 OWEB  provinces, 3 basins, 3 basins,
basins basins subclasses subclasses 3 subclasses

Data Manager and Analyst' 95,000 95,000 95,000 95,000 95,000
(@95K/year including OPE) step 3
Data Manager and Analyst' 105,000 105,000 105,000 105,000 105,000
(@105K/year including OPE) step 4
Vehicles: 2@$1000/mo: 3 months with 18,000 36,000 42,000 54,000 96,000
travel, 9 months “parked”
Overtime (10 hours/week), $22/hour 2,376 4,752 5,544 7,128 12,672
WQ Datallab processing @125/site 56,250 100,000 112,500 168,750 300,000
I-IBI Data/lab processing @150/site 67,500 120,000 135,000 202,500 360,000
V-IBI Data/lab processing @ 50/site 22,500 $40,000 45,000 67,500 120,000
Annual total: 693,346 1,154,192 1,265,724 1,570,038 2,574,512
5-year total: 3,466,730 5,770,960 6,328,620 7,850,190 12,872,560

'Cost is the same regardless of sample size



NEXT STEPS

1. The INR recommends that OWEB begin to build understanding, acceptance of, and sup-
port for the proposed indicators and priorities from state, federal, and local governments
and nongovernmental organizations.

2. The proposal to integrate monitoring programs at the level of data collection presents sev-
eral organizational and budgetary challenges that will require strong partnerships. OWEB
should assess how much support for integrated monitoring is available from state, federal,
and local partners.

3. Although the proposed study design builds on current Oregon Plan monitoring ap-
proaches, it will need further refinement to ensure that it is adapted to partner programs
such as state conservation plans. Before state-wide integrated data collection begins, a
pilot study to identify areas for improvement and increase the likelihood for longer term
success would be valuable.

4. OWEB should work with partners to further refine and define study designs and associ-
ated costs for collecting data on the indicators not addressed in the study design section of

this paper.

REFERENCES

Cairns J. Jr., V. McCormick, and B.R. Neiderlehner. 1993. A proposed framework for develop-
ing indicators of ecosystem health. Hydrobiologia 263: 1-44.

CSRI. 1997. Coastal salmon restoration initiative: Executive summary. http://www.oregon-plan.
org/archives/ocsri_mar1997/ocsri_mar1997ex.pdf (accessed 9-1-04). 17 p.

EPA (Environmental Protection Agency). 1999. EMAP western pilot: coastal waters. pp. n.a. http://
www.epa.gov/region09/water/wemap/coastal.html (accessed 12-23-04).

EPA (Environmental Protection Agency). 2003. EPA’s draft report on the environment 2003. pp.
n.a. hetp://www.epa.gov/indicators/ (accessed 9-9-04). 203 p.

EO 99-01. 1999. Governor’s executive order: E 99-01. Salem, Oregon. http://www.oregon-plan.
org/archives/e099-01.pdf (accessed 9-01-04). 17 p.

Green Mountain Institute for Environmental Democracy. 1998. Moving toward “a small, but
powerful” set of regional salmon habitat indicators for the Pacific Northwest. Montpelier, V'T:
Green Mountain Institute for Environmental Democracy. http://www.gmied.org (accessed
12-23-04). 16 p.

Hart, M. 2000. Sustainable Measures. pp. n.a. http://www.sustainablemeasures.com (accessed 12-
23-04).

Heinz Center. 2002. The state of the nation’s ecosystems: measuring the lands, waters, and living

resources of the United States. The H. John III Heinz Center for Science, Economics and the



Environment. New York: Cambridge University Press. http://www.heinzctr.org/ecosystems
(accessed 12-23-04). 270p.

Hillman, T.:W. 2003. Monitoring strategy for the Upper Columbia Basin. Draft Report. BioAnalysts,
Inc., Eagle, ID. Prepared for the Upper Columbia Regional Technical Team, Upper Colum-
bia Salmon Recovery Board, Wenatchee, WA. http://www.efw.bpa.gov/cgi-bin/FW/wel-
come.cgi (accessed 12-23-04). 97 p.

Hughes R., PR. Kaufmann, A.T. Herlihy, .M. Kincaid, L. Reynolds, and D.P. Larsen. 1998. A
process for developing and evaluating indices of fish assemblage integrity. Canadian Journal
of Fisheries and Aquatic Science 55: 1618—1631.

Hughes, R M., S. Howlin, and PR. Kaufmann. 2004. A biointegrity index for coldwater streams of
western Oregon and Washington. Transactions of the American Fisheries Society 133: 1497-1515.

IMST (Independent Multidisciplinary Science Team). 1999. Defining and evaluating recovery of
OCN coho salmon stocks: Implications for rebuilding stocks under the Oregon Plan for Salmonids
and Watersheds. Technical Report 1999-2 to the Oregon Plan for Salmon and Watersheds.
Salem, OR: Governor’s Natural Resources Office. http://www.fsl.orst.edu/imst/ (accessed
12-23-04). 18 p.

Institute for Environmental Research and Education and Defenders of Wildlife. 2002. Biodiversity
and land use indicators. Washington DC Workshop, DRAFT (6-11-02) report. http://www.
biodiversitypartners.org (accessed 12-23-04). 10 p.

Institute for Natural Resources, Heinz Center for Science, Economics, and the Environment,
Oregon Progress Board, The Food Alliance, Institute for Environmental Research and Edu-
cation, Metro, and Defenders of Wildlife. 2002. Measuring success: Biodiversity and habitat
indicators at multiple scales. Final draft workshop report, October 2002. http:/[www.biodiver-
sitypartners.org (accessed 12-23-04). 14 p.

Kershner J.L., E. Coles-Ritchie, E. Cowley, R.C. Henderson, K. Kratz, C. Quimby, D.M. Turner,
L.C. Ulmer, and M.R. Vinson. 2004. A plan to monitor the aquatic and riparian resources in
the area of PACFISH/INFISH and the biological opinion for bull trout, salmon, and steelhead.
Interagency Regional Monitoring Program in the Pacific Northwest. http://www.fs.fed.us/bi-
ology/resources/pubs/feu/pibo_final_011003.pdf (accessed 9-9-2004). 104 p.

Lettman G.J., D.L. Azuma, K.R. Birch, P. Delzotto, and A.A. Herstrom. 1999. Land use change
on non-federal land in western Oregon, 1973—1994. Prepared for the USDA Forest Service
Pacific Northwest Research Station and the Oregon Departments of Forestry, Land Conser-
vation and Development, and Agriculture. Salem: Oregon Department of Forestry. 55 p.

Lettman G.J., D.L. Azuma, K.R. Birch, and A.A. Herstrom. 2004. Land use change on non-federal
land in eastern Oregon, 1975-2001. Prepared for the USDA Forest Service Pacific Northwest
Research Station and the Oregon Department of Forestry. Salem: Oregon Department of

Forestry. 42 p.



Mebane C.A., T.R. Maret, and R.M. Hughes. 2003. An index of biological integrity (IBI) for
Pacific Northwest Rivers. Transactions of the American Fisheries Society 132: 239-261.

Mobrand Biometrics. 2003. Guidelines for rating Level 2 environmental attributes. http:/ [www.
mobrand.com/MBI/pdfs/Attribute Rating.pdf (accessed 9-9-04).

Montreal Process. 1999. Criteria and indicators for the conservation and sustainable manage-
ment of temperate and boreal forests (second edition). http:/[www.mpci.org/meetings_
e.html#publications (accessed 9-9-04).

National Research Council (Committee to Evaluate Indicators for Monitoring Aquatic and
Terrestrial environments; Board on Environmental Studies and Toxicology, Water Science
and Technology Board; Commission on Geosciences, Environment, and Resources). 2000.
Ecological Indicators for the Nation. Washington, DC: National Academy Press. 17 p.

Northwest Environmental Watch. 2002. Spraw! and smart growth in metropolitan Portland: Com-
paring Portland, Oregon, with Vancouver, Washington, in the 1990s. http://northwestwatch.
org/press/portlandgrowth.pdf (accessed 9-9-2004). 9 p.

NRTEE & TRNEE. 2003. Environment and sustainable development indicators for Canada.
National Round Table on the Environment and the Economy. Ottawa: Renouf Publishing
Co. Ltd. http://www.nrtee-trnee.ca/Publications/PDF/Report_Indicators_E.pdf (accessed
9-28-04). 54 p.

ODF (Oregon Department of Forestry). 2003. Assessing forest sustainability in Oregon: Forest as-
sessment project study plan to assess the condition and trends of Oregonss forests: February 2003
DRAFT. Salem: Oregon Department of Forestry, Forest Resources Planning Program. 45 p.

Oregon Progress Board. 2003. 2003 Benchmark Performance Report to the 2003 Legislative Assem-
bly. Oregon Progress Board. Salem: Oregon Progress Board. http://www.econ.state.or.us/
opb/2003report/2003BPR.htm (accessed 1-10-2005). 90 p.

OWEB (Oregon Watershed Enhancement Board). 2001a. Willamette Restoration Strategy-Recom-
mendations for the Willamette Basin supplement to the Oregon Plan for Salmon and Watersheds.
Salem: Oregon Watershed Enhancement Board. http://www.oweb.state.or.us. (accessed
12-23-04). 187 p.

OWEB (Oregon Watershed Enhancement Board). 2001b. Monitoring strategy for the Oregon Plan
Jfor Salmon and Watersheds. Salem: Oregon Watershed Enhancement Board. http://www.
oweb.state.or.us (accessed 12-23-04). 38 p.

Pacific Coastal Salmon Recovery Fund Workshop. 2002. Breakout session summary: monitoring and
evaluation protocols, December 12, 2002. Facilitated by Phil Roni, NOAA Fisheries. 3 p.
PNAMP. 2004. 2004 DRAFT Recommendations for coordinating state, federal, and tribal watershed
and salmon monitoring programs in the Pacific Northwest. Pacific Northwest Aquatic Monitor-

ing Partnership. 49 p.

Reeves H.G., D.B. Hohler, D.P. Larsen, D.E. Busch, K. Kratz, K. Reynolds, K.E Stein, T. Atzet,

P. Hays, and M. Tehan. 2001. Aquatic and riparian effectiveness monitoring program, regional



interagency monitoring for the Northwest Forest Plan. http://www.reo.gov/monitoring/water-
shed/cover-aremp-report.htm (accessed 9-9-04). 48 p.

Salwasser H. and E. Fritzell. 2002. Building a biodiversity assessment for Oregon—Progress report of
the Biodiversity Assessment Working Group. Corvallis: Institute for Natural Resources, Oregon
State University. 30 p.

Seaber, PR., EP. Kapinos, and G.L. Knapp, 1987. Hydrologic unit maps: U.S. Geological Survey wa-
ter-supply paper 2294. http://water.usgs.gov/GIS/huc.html (accessed 9-09-04). 63 p.

SOER Science Panel. 2000a. Oregon state of the environment report. Statewide Summary Salem:
Oregon Progress Board. http://egov.oregon.gov/DAS/OPB/ (accessed 12-23-04). 80 p.

SOER Science Panel. 2000b. Oregon State of the Environment Report. Department of State
Lands Chapter 3.3 and 3.4: Oregon’s Resources Aquatic-based Systems. 24 p.

State Interagency Workgroup. 2003. Interagency workplan for developing riparian landscape condi-
tion assessments: A riparian prototype that involves multiple digital imagery automated image
interpretation, and ground-based measurements (3/19/03). Prepared for Oregon Watershed
Enhancement Board. Salem. 12 p.

Walter, G.R. 2002. Economics, ecology-based communities, and sustainability. Ecological Econom-
ics 42: 81-87

Whitman, A.A. and ].M. Hagan. 2003. Final report to the National Commission on Science for Sus-
tainable Forestry. A8: Biodiversity indicators for sustainable forestry. Brunswick, ME: Manomet
Center for Conservation Sciences. http://www.manometmaine.org (accessed 12-23-04). 45 p.

Windward, A.H. 2000. Monitoring the vegetation resources in riparian areas. General Technical Re-
port RMRS-GTR-47. Fort Collins, CO: USDA Forest Service, Rocky Mountain Research
Station. 49 p.



APPENDIX A: SUMMARY TABLE OF INDICATORS FOR THE STATE
AND NATION IN ComPARISON TO PROPOSED OREGON PLAN
ENVIRONMENTAL INDICATORS

42



ISNENE]]

'9z1s ‘Iaquinu
sjjows

azispue‘uonng

-LISIp 9ouepunce
3[1uaAnljueq
Sppai Jo uonng
-LSIP PUe lRquInN

fypundsy pue

's113uah’uiblIo v00Z dWYNd)
“opjes a5 ‘a2 diysiauyieqd
uonisodwod  ‘anpnas abe funio}iuoy
Buijapouw ap|spue| pue Jafe| pue Lodsues éwswmsmw 213enby
saads Jenbe SPEO0J JUBISISUOD UO S| SN20} Sl SHnpy }samylioN
Uo S| Sn204 “passaippe 1o\ passaippe 0N JuaLnd :Juawdoanap Japun Juawdo[anap Japufy dejiang dejiang dljed
awabeuew fuigels yueq
PRIUEIN "ajensqns
uonexo| "jueq
‘215 'fouanbay noispun
apijspue] ads3d
fouanb ‘s9|hue
duanbayy a4 Jueq ‘yidap
fioysiy bty j00d |enpisal
ael ‘sayoud
ain|ie} Lann) feutpnyibuoy
sBuisson ; onel
ap o1 yip!
weals AP OLAIPM o eraban
pue suaAnd Buiddew ueved 10
jo Jaquiny UORIS SO v duwiod ($00Z e
papauu0d poom abie| [eInpns 19 Jauysisy|)
fijeaibojoiphy sbussop 4o uoanquisiq - fabeis fesas ameladws | (091d) weay
fysusp peoy weans fynauuod uonelaban JE) anpnns  papajodae | Buriojiuop
sae pue suaAnd suoipesdiu  uepedu jo punoib Kyjenb fyunwwod  siz1pwesed uoruidg
peo. JuajeAinb] foysiy Jo Jaquiny utejdpooj4  uonejuswdely CITREITE] 131 a1eigaUANY| [ea1Bojoig |ed1ojoig
passaippe 10N «dejiang 1S9MBH  passalppe 10N dejiang dejiang depiang depiang “depang dejiang :depang | Ysipul/ysiped
JLET 95N 15910}
000 Ui
PaUIEIU0 1ad abueyy o} pansasaid 1U9][92%0
10 papnpxa  (Bunsi| [esapay abeane BREEE0- seaf 3L jo3no 0} poob
fjnyssedns 1o agels) xsl PUB[SM 3|8 lewlpusg suwiow 71, (q) (2) pue ‘spuas
10u s3pads  1e jou sapad _ JelemussH g5y dojanap pue Jeak ot fyjenb Jarem
ANSBAU|  [BLISL3) pue SLOPRWPUSE o0 10 uequn 0 0110 Syuow buiseanap (€00z p1eog
Buiusiealyy 191BMySDY pueIdM  P3M3AUO) Jou 10 6 (¢) Siyb Jeafjpbueyd () pue ssa1boid
Isow paioyjuow auUleNiS? Jo 7861 Ul pue| Moy WNWIUIL abeane  Huiseanul (e) uobaig)
40 JBquIny 1O JUBDIJ adfy uo |1esap [eanynoube Bunaal pUB[IM UMM Sweans s)dewyduag
68 8% [euonippe 4O JUDIJ sweans Ja1emysal4 4O JUIRJ (S1 140 999) pieog
Jewypuag 68 Sylewypuag UUM 108 pewtpuag o3 40 uadiag ‘LLYlewyduag g/ jlewyduag L8 piewpusg ssaaboid
dejian URS e passaippe JoN-—— ‘aues awes (01140 9dS  ip/ ewypuag passaippe 10N ‘aules ‘awes  passaippe JoN dejiang uohaiQ
1e3qey (yuawndop
sa12ads sa1Dads 13A0D 1elgey auuen}ss fya63yu) siy1)
ANIseAU| [ewiue spuepam | 49A0d pue] josadfypue | spybu sazem auLens? “jjenbe uonelaban  xapu) Jnolg s ._33_._2__
aAjjeuuou sapads wiueid | sauen)se Joj pabiswigns | @ asn pue]  ‘uonnguislp | weansu bunsaw  Iajemysaly [eaishyd uonuny puejyam Kyjend Jo xapu| ysiy pays 1918 M
0 3UIRY ASU-Y anneN IOMpue gl R epiL ui abueyd B3Iy 40 fouanbaiy 0}SS920y  JO UOIIpUOD uepedi B ueredy 191em 13)eM-p|0)  SNOWOIPRUY | yp) 4 uohaiQ
Gl vl ‘€l K4 ‘1 0l 6 8 'L 9 S v '€ T I pasodoid
fusianpoig swaysAsod3 auuenisy Swa)sAs0d3 |elisals) swa1sAs033 dienby pue uenedry 32In0§

"(S1d0) Sioyedipu] ueld uobaiQ pasodoid ays 03 saangupe pue ‘sizpaweled ‘siojedipul weiboid snowen Jo uosuedwo) |-y 3jqel



(£00Z 3INY1

wajqoid ® 3314N)
10 apnyjduwe epeue)
pue fouanbay 10} slojedipuj
$3U0J029 7| ‘adods yuswdojanaq
—I310 15310} spuejam Jojed1pul a|qeule}sns
ul sabuey) jo uapg  Aujenb salep pue
passaippe 10N dejiang passaippe 0N depang depang  ---------- PassaIppe JON----------- juswuo4iAug
ssealed (€007 2]
, UOWIES s 1poworg
uonepaid UEIaO0 )
fbojoydiow ‘fiaydiey pueiqop
ysi ‘U330 'S3AIRULOU (s1q3)
anjjeuuou ‘3dfy 1engey 'suaboyied sjuswjeal]
uo snaoj awibai 2160jo1phy "In02s ‘Kypiguny poom uoipnpoid 'sSauUL a13soubeiq
4o apisino ‘uofjelien Mol “JUAWIPAS 3ul ‘uorpuny ainjesaduway puefusionp  fuunwwod  |wdysAs0d3 10}
'passaippe S|eMeIpYNM J31eM passaippe 'ssaupappaqu3 uepedry pue Ansjway)  d)eIgaUAAUION.I ys SaNqLIIY
1oN ---SWRILS PU. YSI) UO SNI0) :pISSAIPP. JON-—-——-—-——-- depang 10N depiang «deyang  passaippe 10N dejiang dejiang depang | |eJusWIUOIIAUT
(€00z
fususp uewjiH)
peoljies fBayens
_pue ‘peos furio}iuop
BUBGUNISIP  BdUBGUNISIP D
paysIalem paysIalem e - Syous ueld
yumdepano  yum depiano Smo J0 FOUBGUNISIP  SWES 318 [DM alusanfiued | uohaaQ uiseg
feuw ybnoyye few ybnogye  Buiwn pue ‘aseq awes anpnig '3NPNAS 10} PasN eleq  SAIRIGIMBAUIONEY  'Sppal ‘Synpy eiquinjo)
~-PASSBIPPR JON—-—--rmm e e —auop —auoN  “yead ul abuey) 1o depiang depang dejiang dejiang dejiang depiang depang 1addqp
aseasip pue
‘13sul ‘all
:dueqINISIp
153104
uoIsosa |10 (uoneujweuod
(uoneuiweyuoy Juswabeuew [euiap
(21w pue diysiaumo ‘w%_u_mmwQ
'sappisad 152104 ety MBI e
“uawipas soue 4O Snels 0} ‘snioydsoyd
‘snJoydsoyd Bﬁes_ou:m_ saifenb asay “6-3)
"waboxiu “6°3) " 3)e|al 0} paau siajawesed
siarauesed R ay) sajou oday leuoippY
ar_m:s spuesseib (2002) sweains spue| Awmwuoa
sa199ds paIq sapadspig  HeM 9JdBINI ‘leaynoube  Ja1ua) zulay ULSPAS] S1BAIN- oy nanife [e2(b0j03) @
ANISEAUILIOU 3NSBAUIUOU  SI3lep| [e1SR0) ‘ueqngns  Aq painuap! amesadwa]  pue uegin abueyp peo| e jo yied se
aneu angeu 10} Xapu| pue uegqin sadfy SMOJ} Weals '€ 140 Japun urseale joseamospue  reAIU [BI0L pue _sapads (£00Z Vd3)
JUB BAISEAU pUB 3AISeAU| funwwo) ‘padojanap  wiAshsods, Jo apnjubew papodal asou uepedy abueyd pue sweans ul  xapu Aunwwo) v_mﬁ__ . ue ,JuawuoIAUZ
uj spual] uj spual] JYudg 1140 995 joalxy  9jojuaxy  ‘Bujwn uj abuey) 10 [eaidy alow JO1U3DIA4 JUIIX3 PUBAM  S|3N9| BleAIN d1ypuag t&%_mcs 3y} uo Jioday
leianQ aues dejiang owes  deysng oues dejiang ideyiang  passalppe 10N  dle Sislaweled dejiang dejiang dejiang depang ) passaippy | 14vHd S,Vd3
1elqey (3uswmop
sapads sapads 19N 1elqeYy aulen)ss Ky11623u) siy1)
dAISeAUl |ewiue Spuepom | 43n0d pue| josadfipue | sybu Jajem aulen]ss “ijenbe uoneyahan Xapu| noig s ._33_._:__
dAljeuuoU s912ads giueid | sauensa o} pabiswgns | asn pue] ‘uonnquisip  [ueansul buieaw  '191eMUSIL} [ea1shyd uoruny puejam Kyjend Jo xapu| ysiy pays. wwm m
0 1UBdI3d ASU-1Y anneN [OMPpue|dl R [eplL ui abuey) ealy Jo fouanbaly 01SS820y  JO UOIIPUO) ueyedly g ueuediy 191eM 13}eM-P|0)  SNOWOIPRUY|  yp1 4 uofiai(
Gl vl ‘€l Tl ‘Il 0L ‘6 8 L 9 S v '€ T ‘I pasodoid
fusianporg swaysAsod3 aulen)s3 SwaIsAs07 |euISaLR] swa}sAs0d3 dnenby pue ueuedry 32In0S




fuuijes “epew

u_cm@o 'UoIsold

10s puejdon)
walshso2s
fq xapu|
Yimoln Jueld abeiors
sapIuNWWod uogsed
[ewjue pue jue|d pue[gRIyS
jouompuoy nuejsseid
deyiang pue 153104
Seale uequn 1o} ae 153104
Spue|qniys
puelq n_”__m eaJe snoindu| dejiang siny oo
spue|sselb spue|gnIys A sadfy Ayunwiwod abue| _m_o?&e uequn Jo
104 spAIq pue }s3104 _—— SRl yopejafion
ANISeAUIUOU spue|sseid v mm_m%_ _Mwﬁ, 515310} Aﬂh mnm\_ _m_\n% ur snioydsoyd apisweans (@
[ ERys ‘pue| ysaio} swaysfsona JO AIUSIBUMO oy rcennn Renb cpyoiguys el
ul spuan) 10§ AjjeUUON Jolew g o ajend Jo d1jqngd Jolewr 940 1e}iqey weans pue E_Mﬁ_.“_ Mﬁ%w S (co0z
uone|ndog puejdon Joj  uopeujweod  ussled pue IENG] wianed pue uojeuIWe0)  Sspue|sseld _o_hs gjo Uoeuweiuo) uequngns EH@ 193Ua) zuiaH)
Swa)shs0d sapads  uoneyahan |ea1way) _co_E__wEmg UMM Bty .:o_uﬁcw_.:mg S|eMeJpUIM JaIep [e21WaY) 10f UOHIPUOD uianed pue [EIWRY)  ypqun uy sjewiue swa)sAsod3
9 Joj papioday - anjew sy SN Juawanow Wapg - sano papoday MR SMOJJWeaAs Ju3Wanow veledly yopeuawhey  juswerow  BujMp-WONOG  Ppassaippe suoljeN ay}
dejiang ‘auwes dejiang uaboniN ‘aules ‘aues ‘aules Buibueyy passaippe JoN uaboniN dejiang BUEIVE| usbolN  pue ysij jo sniels 10N Jo a1e1§ 3yl
sapads 1elqey
pUe SielIgey [eAnjeu pue
fauioud pabeuew ynm (20
Jo uoipajoyy  HEHYRY dneu -11-9 }jelp “je
' J0 RyAipauu0)
uoged o215 D11 19 uonyesnp3
1eak snommaud Hebigspos mh.m_a.w” pue yieasay
ul uonerabian SdINgG PaYUI| pabeuew jejuswuodinug
aneu -fusianipolq j0 3z uone}ahan Joj ayny1ysuy)
seale 4O uoneI0}SAY J02GUNN by pafeuew J31em punoib ueledy doysyiom
papajoid uj uonerabian fususp peoy  |e101 snsian pue soepins papajold 121em 000z 2a
-yum sadads angeu Aq 1 140 Japun pabeuew jo uonajdag fijebay pue puej ‘uojburysem
anjeuuou pajeujwop PagLISIP aneu uouny Jo fjeashyd g suixoy jo -s10}ed1pu|
10 afeIan0) eaJe JUIJ sioeoipu; 10 UOBNGSIA 5i6oj0sfy feimieu joealy  UopeWISSY as() pue] pue
dejiang  passaippe 10N depang - passalppe JoN-——— uoia10.4 dejiong 10 uonedlipoy passaippe 10N depiang :deyiang passaippe JoN Ky1s1an1poig
sal0p  PLPUREL'lL
Juobasg woy ‘01 Awoede)
uonngLauo) aANpold
1z aph salohaled
uogue) jeqojy Pepajoid uladfy
voppuoy B2 fq easy ueyd uoisos3 (€00Z
iU € hussaniporg fupgeureisns 81 522053y 400) ;5533014
a6ues puofag afes [euojssad ap MBS |eaJyuoy
sapads suabeso M fq eaty Ul passaippe sweans woly
pasabuepus  anpejuasaidal sasspoud g L fysianiporg 3l S)5310} panwi  Ausianip [eaibojoiq ul Aujiqerien siojedlpul
‘pausiealy} 40 S[3A3] papaye ealy adfy 1210} uepedy  Aujenb-sarepm dH03s1Y Jo aBues apisino seale 2l10)
‘3le1:sniels  uopendog RARNIEETT fq eary bunenjers g sadnosay 15310} U S31poq Jalem 9% :€7 | —KJ3s3104 JO
-1 Rusianpolg 6 Aussanipoig washsody | Ausianpolg 10} sanbuypa) MBS S32un0say (M3S) Jatep pue [10S | juawsedag
L1140 93$ aues dejianQ  —----Passalppe JON---——-- :deyiang B S NENT R EE 140 93§ depiang depiang «dejiang jpuies uohauQ
1egey (3uawndop
sapads sapads 19N 1e3qrYy aulien)sa Kyabayug s1y3)
ANISeAU| |ewiue spuepam | 49A0d pue] josadAypue | sybu sslem auLenIs? “ljenbe uoryeahan Xapuj noig s ‘_Smu_._:.__
aAljeuuou sapads giueyd | sauense oy pabiswgns | B asn pue] ‘uonnquisip (weansul bunsaw  islemysaly |eaishyd uoruny puejiam Ayjend Jo xapu| ysuy pays 1918/
40 18234 PG aAleN IDMPUe gl B epiL ui abuey) 'ealy Jo0 fouanbaiy 0155920y JO UOIIpUO) ueyedly 3 uepedly 191em 13)eM-p|0)  SMOWOIPRUY | yp) 4 uoBaig
Sl bl €l T ‘1 0l 6 8 'L 9 S v '€ T } pasodougq
fisianipoig swa)sAsod3 aunenysy Sw)sAs0d7 [eLIsaLa] swaysAs0d3 dnenby pue ueuediy 32In0g




1dag-bny buunp

HELE 0661 L
3|qeureisns spaysioiem pasedwod
seale 01 3}l fayiond ‘eate ueredu
UOIJRAIISUOD BECIVEREL I L1 pue ur uonduinsuo) suopypuoy  [euomuNy L0181y (q pue
ul papajoud sajeruoisosd  (} sigosopun Y Buraq 1ybu puejdn Jope o} paedwod fuges 2100z 93M0)
Juadied pue Ayjenb uondinsap Asem weaasu| ‘fyjenb szie  JOIUNOWY  B3IE PUBHIM SaleIgeHaAU 104 s nm_u_m_mm_w aAnenu|
auwes depang QWS —--—---PISSIIPPE JON- [10S U} Spual| EENY ues  passalppeloN  'Id| Uo Sasndo4 ‘aues dejiang auwes ‘awes ey | AWM
Senqey (abe1s [euols
asianp .mmuuﬂm 10 Mmm_u
wouy} s|ans| 3e QUM 282
uonejndog LA
panosduwi
abuey fonjod
J3uwio} J1ay} ybnouy) paulp
4o uopuod 3 0} spasu (sasatpuased
[[BUIS uofpajold) ul
e huifdnadg salioBajed umoys 200z
pue (abeys papajoid 11323114 pue
[einpnAs pue uj ealy (abes 195SP mes)
(Buppej are  adky3salo) uonejuswbesy Bwio} | yuawabeuepy
eleplenqey  Aq pafeue 6 13
J1 [nJasn jou) §1 Ingasn S P }sa404
sa1ads 15310} alow) |eUOISSaNS jewse | dl9euleIsns
PUNXS Jo s312ads (6140 2a5)  39SSEP abe Guikdnno | 403 S403eatpu
‘pasabuepus  juapuadap souoboyey 2dfAqealy pa—, 592044
‘pauajealy) — 15310} papajoid 515910} 10 sg_cs: [eaJpuopy
passaippe JoN ‘Bey  jolRquny passaIppe JON-——— urealy  loydepang passaippe 10N Jopisu0Y) | JO UoeN|eAs
[RINETIT] sienqey .
1UBSISU0D OU 3njeU JO (zo0z ‘e
ybnoypje) Jonew  uonejuawbel 19 5921n0s9Y
J1ueblo (10§ depang |eimen
faigenien jo S3uo Joj agmysuj)
abuel 11051 palpou doysyiom
(uRw [DEINLEIE]] 0 m.\,_um_m ' Hw_mu.m
WaISISU0) 7140 3pun suopipu) skeNgey ddnnN
sapads sapads ou Pa12103 depiang aAljeu Jo spaau uolelaban sio1ey [eaibojoiq e siojedipuj
ANISeAU] ysude  ybnoyye) aq few awnjano  uonnguisip |e2160]033 uepsedy Buipnpu jeliqey pue
jojuaxa pue  jo uoiuodosd  sajeigapaAUl 'sauenisa paxoes uaym RUENE) 10} 3]qe|lene J0 uonNqLAsIp * Rubayu 7140 Kyis1anipoig
uonnquasig 10 2QUINN - [BUISIRL oy oy dye passalppe 6 40 Japun waishs0r3 WNOWY  paccaippe 7140 Japun PUBIUNOWY 711 13pun dlenbe,, o xapu| Jopun se ydanve :$5920N§
aues owes deyang  passaippe JoN 10N passaIppy ‘oues ouies 10N passalppy  passaippe JoN ‘oures passalppy dejiang  passalppe JoN Buranseay
(s329f0ad
uol}e10)saa
10} si03edipul
ssnasip 0} dnoih
1nojea.g)
ERIIEN S3)eIGRLAAUI0LBW :doysyiom z00Z
sjueyd uetsedy 10 dduasaid  Buipeoj sugap UBWIPas pue "fyandnpoud ajuepunge | pun4 £13n029Y
SNISBAU]  1yciuefii0 apenbe oy 'y Speol BUIUOISSIWWOIaP SB 1oNS fBojoipAH  ysuy ‘sialueg fpoom abie7  -—--sainseaw uorelahap-—- aimessdwa] fiewiig usi4 uowjes
depang 03 12adsas yum Ajuo passaippy  ‘deiano [ewiuiw ylim SWeans pue ysiy uo sndoj :passaippe 10N depiang depang depiang dejiang dejiang depiang depang | 150D d1jded
1eMqey (auawndop
sapads sapads JEIY0) 1e)qeYy aulen)ss Kyabayug s1y3)
ANISeAU| |ewiue Spuelom | 49A0d pue] josadAypue | spybu Jsiem 3uLen)ss “ljenbe uonjeyahan Xapuj Jnjoig s ._33_._:__
anljeuuou sapads giueid | sauenlsa loj pabiawgns | @ dsn pue|  ‘uonnquisip | weassul Bussw  ‘431emysaly |ea1shyd uonoun} puejiam Kyjend Jo xapuj ysiy pays 191
JUBIIERIEN] YUY dAleN IOMPpue gl % [epiL ui abuey) ‘ealy Jo fousnbayg 0155320y JO UOIHPUO) ueyedlyy g uepnediy 191em 13}eM-p|0)  SMOWOIPRUY | 154 uohaag
Gl )4 ‘€l ul ‘1l 0l 6 8 L 9 S )4 '€ T ‘1 pasodoug
fusianipoig swa)sAs013 aunensy SwaIsAs027 [eisalal swa)sAs033 anenby pue ueuedry 22In0§




sadipeld

3|qeureisns
Jo uondopy
spuej by
uodNpoid Y0jsaN|
3|qeureisng
UoIs013 [0
seale papelbap
4O UORIpUOd SIS
|ea1boj03 [eatbojolq
sassoud [
[eatbojoda _Swmo_egu
(11 32UBNJJUL 1By} upiAol
Se [gl yum saads Jue|d lojpue
payoeun aq ued 6 awibai al Pejul eale
asayy) sa) SPUBRDURY ) 1 SBues uepiedy
-unwwod ysij o6 aan [enuuy feinjeu yum ueqin
pasabuepua yonnqusip siRu0d 36T paeduion R
0 1elgey 1sanley Joquin suiaped ueedu
HUgEe angeN 3|qeureIsns - uoneyaban— e EHEDEIEP 1530y
ul spuai] : : forg ] J1bojoiphy
: sadfy S1S3104  spuejabuey JlRIGaLIAAY| : Buysiy
USHIPRYS  yopejafion $19002/535N J3Y0 snjd (SOIHUNWIWO> $321N0591 salenisd Yods pue
‘ysty suuew ’ aneu 0] UOISI3AUOD usened o weyd Jenbe 10} |OM Sn|d [[IBJENTToa)
JOSPOIS ) 3fueyy PUBTUBAN  3dedspuey euoiduny O G 1ua]|3%3 HORRE] .
U mojyu Rine o5y yyum pm  fauuoy 0} poob uoejndod (9’20002
seale emysay  Judwabeuew pasedwod SIALpUB  JUB)SISUOD uonNQUASIp  UI Sweass jo fyyeay |oued
UOJeAI3SUO) Rysiap ‘seale ¥si04 abeis SaYe| ‘sweans saw)  puefusanp  ebejuadiad Y30s) Moday
ul papajosd sa1ads papajoid ui UOISIaAUO) [eanpnas MOJj Mo| uequn Jo uoiun puepam ui pue Lldoepun Sl aMIeU | JudwWUOAIAUZ
JUIA 5159104 10M  1eNqey snjd pue| 152104 153104 J0 S8y  bBulnp uonexo||y fujenb jengey uepedly abuew sn/g SpuaLl DM palsi] 1eys 10 JUDIRY ays jo
auwies ‘awes aweg aweg ‘auwes «depiang deyiang dejiang  passalppe JoN deyiang depang ‘awes ‘aweg 0} s31e|3y depang | 9115 U0ha.1Q
(uomuny [e2160|033)
3ouBeq JUBLANN (1L1d0
fouapiys 3) aﬁ__ummmu
! uopdnpoud Ajdde
350 AN o1 3102 90 A2 a%auﬁwnuu
(L1140 a_uw%éo_t%oi 1an0> (11 140 uabAxo weans N:E o
29s) fyedey  BDEIOIS UOGIED - pug| pue osn aas) fieded smess a1ydos aye1 feuolieN)
(uonouny [e2160j023) Myandnpoid Arewid 1N uondnpod Jojew  pue jo sniejs uonpnpoud i uolen ay}
fussanip saipads anneu ‘Ausisnip sapads [e1o]  passaippe fidde oy dluebio jlog  pue uapg fidde ounijusianN 10} s103ed1pu|
depang 0N 3|qe aq fepy dejiong dejiang passalppe JoN o) ajqe agq ey -—— passalppe JoN——— depang passaIppe 0N |ea160j0d3
Jeldey [auuey40
uonisodwod ajensqns
farxa)dwod ‘sjood
‘fyisonuis‘uoiyas
-SS010 [3UUeY) o 1239 mm\\_wam@w
sapl|spue SaYeal q
el paulessuodun Ul mEo;.%S_Q weifoig
fysusp peoy (owibal urejdpooj} yum AN saoipu amswnnw Ayunwwod | Buriojluoy
S3LI3s MO} JO UopeIa)e) sBuisson funpauuod uoneposse pue abexs ainjesaduisy 'Sa]eIqaLAAUI0NRU 1Sy | SSAUIAIIYT
UB| 153104 JSAMULION 243 40 SUoRIod pue abess |elas fynuenb sa1ep jo Ausuag |uuey)  [esds —uoneiahan uenedy 181 pue suejqiydwe :fyubamul dnoig uenediy
13Y10 1 aqfew Inq'dNTYY Ul passaippe 10N passaIppe 10N deporg 01 140 99S depiang dejiang depang deyiang dejiang -awes/deyang | pue d1renby
1egey (3uswndop
sapads sapads 19A0) 1elqeY aulen)ss Ky1a633u) siy1)
ANIseAU| |ewiue spuepam | 49n0d pue] josadfipue | - sybu sazem aullen)ss “jenbe uorjelahan Xapu| Jnoig s ._Smu_._o:_
anjjeuuou sapads gueid | sauenisa Joj pabiawgns | 1 asn pue) .co__ysn_bm_v weansul bunsaw  ‘1a1emysaly |eatshyd uoippun} puejam Kyjend Jo xapu| ysiy paysiazem
01U AsU-1y aAleN IOMPpUe |9l B [eplL ui abuey) 3y J0 fouanbauy 0}1S532y  jouompuo)  ueledly  guenedly  Jdjepm 13)eM-|0)  SMOWOIPRUY | yp 4 yoBaiQ
Sl 7l €l T ‘L (]} 6 8 L 9 S ‘v '€ T L pasodoug
fyisianiporg swa)sAsod3 aurien)sy swaysAs0d7 [eisala] swaysAs013 dnenby pue ueuediy 32In0§




'sue|d

fujiqeureisns fHuabe a1els pue ‘(MB4Q0) Ueld UOBAIBSUOD BpIMaIES e Jo Juatudonap ‘wiea] Ain0day [ediuypa] uobaiQ ay) apnjaul S103ed1pUI JO UOIB[RS By} dudNjuI Aew Jeyy Aemispun Apuaind uobaig ul SHoya Jayl0 ;310N

*3|qe} SIY} Ul PApN|UI 10U 213M SI01RJIPUI YIOM3UWIEI) [PUONNISU pue [efa] pue JILoU0I3010S BUIN,
'200¢ 121ua) zutay Aq paynuapl sadk wayshsoda g ay) Joj paniodai si Jojedipul yae3,

(zooz)
yrem
|meids ueqin jJuswuoliAug
passaippe JoN uies passaippe JoN 159MHHON
spedwi
uoneyodsuel]
depiang
adepns
snojnadu 3]qissaaoeul
seale jeNgey (3661
uepedu pue |ea10ISIY foenowsg
uejdpooyy $59208 .*o ‘adfy [epuawuoIALT
uo siseydwsa pluow|es fq ‘unowe (1140 os[e) 3o oyt b
aph ay| UM Sasn mojle  ayipue ‘adfy  ease buumeds  puowes u&:w‘um“wmhwn“
pluow|es 3o Ay pue| snopen ojjuapyns  Aq ‘papadul BT 0} Jexqey 1eNqey L
o}anjeA  pluowjes IEETIEN] lojpue  3Ie uowes DR pueiam puejiam _83._.83 ede | yaalg) dnoin
puelengey  oMieNgey pauaAu) spiuowes Aq aloyw  'dop weang pue ‘lauueyd nu ‘oM ¢|apow buumeds | y10p 3e31q8H
auuen)sa pUB[IBM 9 :13A0D pue| painbai mojj suonedo)| slqap uepedy o ‘vepedy JRIEELD) uBIRYIp auepunge uowjes
J0JuaIX3 aneA  pue asn pue] |eUOSE?S Sn|d Jo 1Bquiny fipoom abieq J0 anjep jouaxy  aimesddws] Buisn ag few ‘|g us4 }samyjIonN
passaippe 10N dejiang dejiang ‘Wes  passaippe JoN ues auwes dejiang depiang dejiang dejiang ues ues Jljided
1e}gey (yuswmop
sa1ads sa12ads 1310) 1e3qey auLenyss Ky1abayu) s1y1)
ANISeAU |ewjue spuepam | J4an0d pue] josadfypue |  spybu Jarem aulien)sa “jenbe uonyeyahan xapu| noig s101e21pu|
aAljeuuou sapads giueld | souenisa Joj pabiewgns | 1B @sn pue|  ‘uonnqusIp | weasisu Bussw  Ialemysaly [edishyd uorun} puejam Kyjend Jo xapu| ysiy paysi &Es
JIRTIERJEN] NI aAleN IOMPpue gl 9 [epiL ui abueyy ‘ealy jo fouanba. 4 0155920y JO UORIPUOD uepedy 3 uenediy 1918 13)eM-P|0)  SMOWOIPRUY|  ypy 4 uoBaiQ
6l Pl €l K4 ‘1 0l 6 8 L 9 S v € T b pasodougq
fysianiporg swa1sAs013 suuenysy Swa)sAs0d7 [eisaLa] swaysAs03 dnenby pue uepedry 32In0S




Oregon State University is an affirmative-action, equal-opportunity employer.






