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Executive Summary

Landscapes arie features of an area of land, including the physical, biological, aridemmnomic
characteristics. Collectively, they reflect the biophysical origins and the overlay of culture and human
presence, often created over millennia. However, and more importantly, landscapes reflect a living
synthesis of ecology, people, and plattl to local and regional identity, and social and economic

wellbeing. Landscapes, their character and quality, help define the self image of atagiense of

L I OS® ¢KS& INB GKS ReylrYAO o6F O] RNER LJ hingan dcifoisLI S QA&
interact within the Columbia River Basin landscapes to ultimately shape abundance, productivity,
diversity,andresilience of fish and wildlife populations.

Columbia River Basin landscapes are as varied as those of any river in théutatidy also carry the
signature of largescale change through human activities. A history of land use and conversion,

alteration of habitat and habitat connectivity, socioeconomic growth and development, expansion of
non-native species, and a shift fromatural to artificial production of native and narative fishes

translate to declines in abundance and diversity of native species. Remnant native populations are often
fewer, smaller, and more restricted in spatial extent; have more limited connectivityhave less

within and among population diversity. The net result is populations and species that are increasingly
vulnerable in a changing and unpredictable world. These trends can be reversed if critical habitats and
connections among them and thearldscapes are conserved and restored, but the perspective guiding
these efforts must be larger and more comprehensive than in the past.

The objectives of this report are to distill current concepts and understanding of the critical processes
shaping landscapes and their associated fish and wildlife populations, and to synthesize the best
approaches for conserving and restoring sel§tainng fish and wildlife populations within the

landscapes of the Columbia River BaSims reportbuilds on and extends previous ISAB and ISRP
reports that consider restoration in the Basin. Expanding on general guidance, a major focus of this
report is oncurrent understanding of the workings laindscapes as integrated ecological and
socioeconomic systemd/e emphasize past guidance to extend beyond the stream, consider the full life
history needs, and build from a larger context, but to do so with a reffextive engagement of social

and economic issues in the Basin.

This report focuses strongly on the socioeconomic dimension that has not been explicit in earlier ISAB
reports. We emphasize the need for effective socioeconomic and ecological integaation

interdisciplinary collaboration. Our review supports an effort to move beyond spatially isolated or
independent projects to broader integration of actions. A landscape perspective is critical for effective
habitat conservation and restoration. Specasl populations depend on the highly heterogeneous
characteristics of land, water, and people and on the interdisciplinary knowledge needed to manage and
restore resilient habitats. A comprehensive landscape approach demands a strong and continued
coupling between biophysical and socioeconomic knowledge. It brings understanding and engagement
on social and economic issues, making effective management and restoration possible.

The concepts dandscape ecologyesilienceandadaptive capacityprovide acritical foundationin

conjunction with the focus in the Columbia River Basin on abundance, productivity, diversity, and spatial
structure (defined in Appendix IX)andscape ecology argues that spatial and temporal patterns of
organisms, their habitats,nal the processes that create and maintain them, matter. Virtually all
organisms depend on linkages among a variety of habitats embedded in larger landscapes. These

vii



habitats collectively supply the conditions that support abundant and productive populabohsnly if
they are suitable, large enough or connected enough, and maintained in enough places through time.

Resilience is a key concept in landscape ecology and socioeconomics. Resilience is a capacity to absorb
and adapt to disturbance and chang&vhile maintaining essential functions. Resilience for fish and

wildlife results, in part, from diversity within and among species; modularity or compartmentalization

that defines individual habitats, habitat patches, and populations; and the connectiahfeadbacks

among them. Resilience in human systems follows from parallel conditions. Promoting an enduring
resilience requires a landscape context.

Adaptive capacity is the foundation for management of resilience in natural and human systems that are
increasingly variable and unpredictable. Adaptive capacity depends on the integration of diverse
interdisciplinary knowledge as well as the capacity to learn and adapt through better experimentation,
innovation, and diffusion of new and better informationdaapproaches. New goals, plans, and actions

that build adaptive capacity enable managed systems to provide valuable ecological services, even when
they may be very different from natural systems of the past.

Throughout the report we follow four generdiégmes to summarize important processes, underlying
principles, and criteria to evaluate a comprehensive landscape approach to conservation and
restoration. These criteria form the basis of our general recommendations for any group pursuing a
more comprehasive approach and the use of these criteria is the main recommendation of this report:

1 Engage the public and diverse social groups associated with the landscape and build socioeconomic
understanding.

1 Incorporate a strategic approach with a foundatiortie concepts of comprehensive landscape
ecology.

91 Develop organizations that support collaboration, integration, and effective governance and
leadership.

1 Promote adaptive capacity based on active learning through assessment, monitoring, innovation,
expelimentation, and modeling, combined with a clear process to share new information and revise
objectives, strategies, and actions in response to that information.

Many of the concepts and recommendations in this report are not new. The basic principles of
ecosystem management and the need to consider larger scale pattern and process in conservation and
restoration are already part of the vision and direction offered in planning and policy documents from
the Council, NOAA Fisheries, the Tribes, and otheits sBccessful implementation still faces technical

and socioeconomic challenges. These include inconsistent and conflicting conceptual models and
incomplete information; limited agency or public commitment and engagement; competing
preferences, values, @nunderstanding of the larger vision; a lack of sciemagmagemenipublic
engagement and integration; and missions that conflict among or within agencies. As a result, planning
and implementation of restoration can be piecemeal. Even with broader planmsipration activities

tend to be opportunistic, inadequately monitored, and without coordination between adjacent
landowners or responsibilities, rather than integrated and strategic.

Our understanding and implementation of a more comprehensive approacst be strengthened and
will continue to evolve. The basic concepts must become part of the culture of conservation and
restoration. Much of the distillation toules of thumkandbest management practicexcurs as

scientists, managers, administratoes)d the public review, compare, apply and modify approaches and
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as new knowledge and experience develop. We provide a series of points for each general
recommendation that summarize current knowledge and guidaiiedle VIl.1to facilitate that

process. We also provide seven recommendations in addition to our recommendation that the four
criteria (Section 1V) listed above be used in all evaluations. These are to:

1. Build Broader Public Support
Enlist the public and diversesal groups associated with the landscape to build socioeconomic
understanding and support for comprehensive restoration.

2. Rebalance the Vision for Restoration
Organize a strategic approach with a foundation in comprehensive landscape ecolobgltmates
the goal of abundance, with the vision of diversity and resilience.

3. Establish Leadership in Linking Science and Management
Support and facilitate a strong engagement of landscape science in assessment, restoration
planning and actions

4. Work Acoss Boundaries
Support or extend existing and ndraditional efforts and develop more, cost effective
partnerships.

5. Reinvigorate and Extend Adaptive Management
Fully develop adaptive management to support adaptive capacity.

6. Develop Best Practices
Support the development and diffusion of best practices to guide more consistent actions.

7. Strengthen the Social and Economic Capacities of ISAB and ISRP
Increase formal cooperation and collaboration between the two bodies to improve the integration
of ecdogical and socioeconomic perspectives.



|. Introduction and Background
[ F yRaOlI LIS
Objective of the Report

In recent decades, understanding of the ecology
of large and complex landscapes and how
societies shape their resilience has advanced
substantially. Landscapes are now understood
to be heterogeneous and integrated natural and
socioeconomic systems that acentinually
changing. Despite their complexity, biophysical
and socioeconomic scientific knowledge can be
applied to manage landscapes for the mutual
benefit of human societies and nature. River
corridors and their adjacent lands are complex
landscapes tat have served throughout history
as critical focal areas for human activity and
development. Resilient landscapes, and their
resilient human societies, have welkkveloped
capacity to adapt and persist in changing
conditions, and have internal sedfistaning
capabilities.

The Columbia River Basin landscape, 673,396
square kilometers (260,000 square miles) in
area and consisting of 11 ecological provinces
and 62 Counciilefined subbasins, includes
GOt AYIFIGAO O2yRAGAZY A
as any rivein the world- from alpine to desert
to rainforest 6 b 2 NI Kg Sa i
Conservation Council, Fish and Wildlife
Program, 2009, p 1). Within the Columbia River
Basin landscape, diverse human industries,
including agriculture, forestry, mining,
manufactuing, and hydropower, are typically
associated with water demands and other
impacts on the Columbia River, its tributaries,
and riparian zones. Human actions in upland
zones far removed from large tributaries and
the mainstem river also can have major imfzac
throughout the Columbia River Basin and into
the estuary.

Acomprehensive landscape approasmeeded
for understanding the interdependence of

& Rekry T8rapesODWitliainslzZNS é

habitats, fish and wildlife, and people and their
enterprises in the Columbia River Basin. There is
a longhistory of high quality research in the
Basin in a wide range of disciplines, including
fisheries, aquatic and wildlife ecology, geology
and geomorphology, stream and river
processes, sociology, anthropology, economics,
and political science. However, inadequate
attention has been given to develing a
sufficiently broad conceptual framework for
interpretation and application of results, which
no doubt involve factors that interact and which
must play out over the landscape and over long
time periods.

Recent advances in science and technology
enable broaderscale and more comprehensive
study, visualization, and management of the
Columbia River Basin landscape, including its
habitats and fish and wildlife populations. It is
the view of the ISAB that such advances can
significantly improve the effiency and
effectiveness of conservation and restoration of
the landscape, including habitats, biota, and the
human societies and economies that depend on

Iy tlRemij Ehe needl for a grmprehersivegandggade R

perspective taguide regional and sudasin

t 2 6 S N@Pproaghes taestoration (ISAB/ISRP Subbasin

plans review, 2004.3) is especially strong as
the Basin faces rapid increases in population
(ISAB 2008) and changes in land use, climate
(ISAB 200?2), biotic community structure (ISAB
20084), and aquatic food suppli€sSAB 2011

1). In particular, a comprehensive landscape
perspective will be useful as full libgcle
perspectives are incorporated into recovery and
conservation of salmonid and other
populations. A comprehensive landscape
approach will require interactmpwith very large
numbers of people who depend onthel a A y Q&
resources.



The objective of this report is to review the
recent scientific literature and distill current
understanding of the best approaches for
restoring seksustaining fish and wildlife
populations within the landscapes of the
Columbia River Basin. For anadromous fish,
such as the salmonids of the Basin, the
landscape includes diverse and connected
habitats, from freshwater tributaries where
they spawn and rear, to mainstem rivers,
reservors, dams, and the estuary and ocean. In
addition, watersheds, hillslopes, and riparian
and forest communities influence those
habitats. So too do the many and various
activities of the people, and a comprehensive
landscape perspective includes considematio
and engagement of people. Effective
conservation and restoration require
monitoring of ecosystem status and trends,
assessment of the results of actions, and
application of knowledge gained to future
actions. This report therefore includes
discussions cddaptive management,
forecasting/scenario planning, and monitoring
and assessment of habitats and species at
broad spatial scales.

Effective conservation and restoration of the
Columbia River Basirquiresa broader, more
comprehensive, and more coordinated
approach Thisview is notnew. For instance, an
earlier group of independent science advisors

this. Another need is fazoordination of social
and institutional governancgenvolving
leadership, improved communication,
collaboration among all interests, and
development of shared goals and values. This
aspect of cordination is widely acknowledged
but has proven difficult to achieve. A third
aspect of needed coordination lietween social
and ecological sciences and of social and
economic actions with environmental/natural
resource actionsThis coordination can be
particularly difficult, as it involves integration
among parties that may have conflicting goals,
values, or agency missions. Coordination of
socioeconomic and environmental/natural
resource actions remains a pressing need, and
paths to this coordinationglature prominently

in this report.

This report supports progress on these three
aspects of coordination by examining recent
science and concludes that restoration of the
Columbia River Basin requires implementing a
comprehensive landscape approattisthe
opinion of the ISAB that a comprehensive
landscape approach will improve the efficiency
and effectiveness of efforts to conserve and
restore the Basin. A comprehensive landscape
approach moves beyond spatially isolated or
independent projects to broagt integration of
actions in order to restore a healthy and
resilient regional ecosystem that sustains both

notedthatd XA YL SYSy (I GA 2y 2 Wivelishhabiteisiand\iBh and wildlife
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achieve a level of comunication and
coordination that is unprecedented for such a
large area, particularly because their
institutional mandates may occasionally
promote actions that are contradictagy

Return to the Riven$G2000, p. 610). However,
the needs remain and hawgrown more

pressing in the face of current trends in climate,
human population, economy, and globalization
(e.g., ISAB 2007, 20073, 20084, 20111).

One need is focoordination of conservation
and restoration actions over large areasd
landscapeecology provides a foundation for

poBuliptitiis iR &lsolviBranyhOmas socialies.
The recommendations of this report are
intended to enhance pragss on management
of ecosystems as naturalltural systems that
support shared social and ecological values and
areresilient that have the potential to adapt to
changing environmental and social conditions,
sustain diverse habitat, fish and wildlife
populations, and cultures, and retain the basic
functions and services on which those
populations and cultures depend. Thus, the
report provides guidance for progress toward
the visions and goals of the Fish and Wildlife
Program, Tribal recovery plans, an@~NA
recovery plans.



Scope of the report

This reportextends efforts to develop best
practices to foster restoration of salmonids, and
other fish and wildlife, in the Columbia River
Basin. Expanding on the general guidance in
Return to the RivgilSG 200pto think big, think
comprehensively, take note of connections and
diversity, and improve mitigation effectiveness,
a major focus of this report is on current
understanding of the workings of landscapes,
from heterogeneous watersheds to even larger
areassuch as the Subbasins and Ecological
Provinces of the Columbia River Basin. In
presenting this landscape perspective, we also
update recommendations from a previous ISAB
report, Review of Strategies for Recovering
Tributary Habitat{ISAB 2002).

The curent report adds a focus on the
socioeconomic dimension that was not explicit
in Return to the RiveitSG 200D We emphasize
the need to approach restoration and
management with interdisciplinary studies and
projects. Ecosystems are natwalltural
systems; people and their activities are integral
parts of ecosystems and have been for
millennia. Landscapes are integrated and
coupled ecosystems that include many
biological and physical playepeople and

many other organisms, including fish and
wildlife, as well as the lands, waters, and
diverse physical, chemical, and hydrologic
processes that support them.

Structure of the report

The report consists of this introduction (Section
1), seven other sections, and two Appendices.

Section lll(andscape Legg of the Columbia
River Basindescribes changes in the Columbia
River Basin landscapes over historic time.

Emphasis is on the extensive landscape changes

that followed European colonization and
continue to form the Basin and its cultures.

Section llIFoundations for a Comprehensive
Landscape Approagipresents current
understanding of how the patterns and
processes structuring landscapes underpin the
abundance, diversity, productivity, and
resilience of both fish and wildlife populations
and socioeconmic systems. The section distills
principles for restoration of large landscapes.

Section IVriteria to Evaluate Landscape
Conservation and Restoratipiaentifies four
Criteria that are necessary for effective
landscape conservation and restoratiomese
Criteria are the organizing framework for the
report. Examples are provided to illustrate the
effectiveness of approaches to landscape
restoration and how these relate to the Criteria.

Section {Implementing a Comprehensive
Landscape Approagimotes several long
standing challenges to successful
implementation of landscapéevel restoration
2F GKS FaAyQa
resolving them.

Section VIBuilding Adaptive Capacity through
Adaptive Managementdiscusses building
adaptive capacity, through adaptive
management, monitoring, and assessment. It
provides brief guidance as to ways to overcome
the considerable challenges to these
enterprises that are posed by the size and
physical, biological, and social complexity of the
Basin.This review emphasizes feasibility and
adequacy to assess status, trends, and
effectiveness at large spatial scales, as well as
approaches that better integrate the social,
economic, and cultural aspects with the natural
resources that are the typical fas of

monitoring.

Section VII synthesizes the central
recommendations from the report

Section VIII provides concluding remarks.

Appendix A provides more detail on viable
salmonid populations; adaptation, diversity, and
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restoration; classificatiosystems; spatial
structure; and linked habitat and life history
models considered in Section Ill.

Examples of how guidelines drawn from a
comprehensive landscape approach have

influenced efforts to restore large areas are
given throughout the report andiAppendix B,
which provides case studies for seven large
scale restoration programs considered in
Section IV.



Il. Landscape Legacy of the Columbia River Basin

Landscapes are a product of their history, Peoplehave greatly changed landscape
carrying the overt and subtle immitis of past patterns and processeof the Columbia River
natural events and human activities: Basin through activities that have included

depletion of furbearing animals and large
Godd (G KS fuSehetidiesSa 2 T piedagorR, development of agriculture, mining,
continue to influence ecosystem structure timber harvest, fisheries, and hydropower,

and function for decades or centuriesr industrialization, and urbanization. These
even longec after those activities have activities ame into prominence sequentially
ceased. Consequently, recognition of over a period of only 200 yearSigure 1.}

these historical legacies adds explanatory Each activity developed rapidly over a span of
power to our understanding of modern four to five decades, and each continues to
conditions... and reduces missteps in have significant social, political, economic, and
anticipating or managing for future ecological impacts. The fundamenthivers of

O 2 y RA (Fasterfeliah 2003, p 77). landscape change have been growth of the

human population, expansion of the economy,
advances in technology, and globalization.
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Landscape Effects of Peettlement
Resource Use by Native Americans

Human interactions with the landscape did not
begin with the arrival of EurdmericansNative
Americans had occupied the region for at least
10,000 years (Campbell and Butler 2010) and
had established their own accommodation with
the landscape; they managed the resources on
g KAOK GKSe@
cultures on Northweslandscapes was small,
relative to the pervasive impacts of modern
industrial society.

Use of fire to manage habitat

Native American tribes occupying the
Northwest prior to EureAmerican settlement
used fire as a tool for manipulation of local
habitat (reviewed by Robbins and Wolf 1994,
Hessburg and Agee 2003). Fires were set at
times and locations favorable for new growth of
plants used as food by both humans and the
animals they hunted (Boyd 1986, Boag 1992).
Cessation of burning by Native Americansljik
contributed to successional changes in
grassland, shrub, and lowetevation woodland
and forest biomes throughout the Northwest
over the past century, but other influences,
such as fire suppression and livestock grazing,
also have contributed to thesehanges.

Use of aquatic resources

Salmon and other aquatic foods were an
integral part of the culture of Native American
tribes in the Columbia Basin and figured
prominently in mythology and ceremony
(Gunther 1926, Williams 1980, Landeen and
Pinkham 199, NPCC 2004, ISAB 2a)1
Salmon were a food of major imgance as

2010). The weight of evidence suggests that
Native Americans in the Columbia River Basin
avaded the overuse of aquatic resources that
has characterized many modern fisheries.
Fisheries were concentrated at favorable
mainstem locations and harvested mixed
stocks, so overharvest of specific populations or
subpopulations may have occurred at timbst
impacts would have been reduced by the great

RSLISYRSR® ¢ k4Evergity of Wepisiqualypes withia and among 5 ¢ &

populations and species at that time.

The Fur Trade: Agent of Landscape
Scale Change

The original impetus for exploration of the
Northwest was the lure gbrofits from the fur
trade. The resulting neaxtirpation of beaver
was the first major impact of Ewmerican
exploration and settlement on Northwest
ecosystems, and the effects on landscape
patterns and processes, although often
unrecognized, remainvédent today. Attitudes
toward beaver today vary; reintroduction
efforts are underway in some areas, while
elsewhere beaver removal is still official policy.

Beaver dams strongly influence stream flows
and sediment transport. The highest density of
beaverdams is on the smaller firsthrough
fourth-order streams (Naiman 1988) that
account for >80% of the total length of river
systems (Naiman 1983, Benda et al. 2005).

'Beaver were a casualty of competition between
Britain and the United States. The two countries had
competing claims to the territory then known as the
Oregon Country, but an agreement in 1818 allowed
joint use and settlement of the region. Boplarties
realized that longerm joint occupancy of the region

early as 820@300 BR . dzii f SNJ | y R h Qyoudpsuatqpgble and that control would

2004) and remained so (Butler and Campbell
2004). Anthropological data and the
observations of early explorers and fur traders
indicate that ndive people regulated harvest of
salmon at important fishing areas on the
Columbia River and tributaries through social
custom and negotiation (Campbell and Butler

eventdally be established by settlement. The

auN)y GS3e 2F GKS | dzRaz2yQa
extirpate furbearing animals, particularly beaver, to
discouage American trappers and trade(Langston
1995, Thorson 2009 his campaign of

extermination severely reduced beaver populations
throughout the Northwest.
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Individual beaver dams have a life span of a
year or two to a few decades. When they are
breached or abandoned, newly exposed
sediments are colonized by terrestrial plants
and become valleppottom meadows, which
may persist for centuries (Rudemann and
Schoonmaker 1938). Chemical elements
accumulated from decay of the originally
inundated uplad vegetation support growth of
plants in the new meadows (Naiman et al.
1994). The result over time is a longitudinal
mosaic of ponds, meadows in different
successional stages, and steeper, ffieaving
steam reaches. In large river systems, beaver
build dams on floodplain channels and
backwaters, adding to the patchiness of the
mosaic of habitats. Beaver impoundments and
beaverformed meadows modify the hydrology,
geomorphology, and ecology of streams and
the exchange of nutrients with adjacent
terrestrialecosystems: consequently, aquatic
and riparian habitats in watersheds with
healthy beaver populations differ considerably
from those of watersheds without beaver
(Sidebar II.1

Continued over millennia, the process of beaver
dam building and rebuildinflattens valley
profiles and elevates valley floors (Naiman et al.
1988, Pollock et al. 2003). The rapid stream
incision and loss of sediment that has been
noted in many areas of the west in recent years
in many cases probably reflects erosion of
meadow sdiments deposited behind now
absent beaver dams, accelerated by removal of
large woody debris and trampling of stream
banks by livestock. Stream incision lowers
groundwater levels and may change perennial
into intermittent streams, with severe
consequencefor aquatic and terrestrial biota.

Beaver populations can reestablish rapidly,
given habitat and protection from harvest or
removal Figure 1.2, and can contribute to
watershed restoration. A study (Pollock et al.
2007) of the ability of beaver dams to reverse
incision in an eastern Oregon stream found
aggradation rates as high as 0.5 m/yr behind
new dams and rapid expansion of the riparian
zone

Sidebar 1.1 Did Decimation of Beaver Contribute to theePline ofCoho Salmon?

Concern that beaver dams might block the upstream movement of adult salmon sometimes prompts their re
from spawning streams. This concern islmbly valil only for annual lovilow periods; several studies have
shown that salmon can easily pass beaver dams at higher flows (Swanston 1991). Beaver ponds eliminate
potential salmonid spawning areas because of reduced flow, increased depthijtatidrs but scouring below the
dams may also create clean gravel depositions suitable for spawning. Aquifer recharge from beaver impoun
can help maintain dry season flows in small streams (Pollock et al. 2003). Little research has been done In
Columbia River Basin on the use of beaver pond habitat by juvenile salmonids, in part because populations
naturally spawning coho salmon, the species that may derive the most benefit from use of {sesatad habitat,
have been almost eliminated.

Coho were widespread in the Columbia Basin in the early 20th century. These runs were reduced to less th
historical levels by the late 1950s (NOAA 1991). As with declines in the abundance of other salmonid specig
Basin, the causesexe multiple and included ovdrarvest, loss of access to spawning areas, and habitat
modification. Because beaver ponds and backwater areas are preferred rearing habitat for juveni{&lcopioy
et al. 1989, LeidholBruner et al. 1992, Pollock et al.@), it is hihly likely that loss of beaveond habitat in the
Basin during the late 19th and early 20th centuries contributed to the decline of this species and continues f
detrimental to recovery efforts.
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Figurell.2. Changes in aquatic and riparian habitats during expansion of beaver populations on tr
km? Kabetogama Peninsula, Minnesota, over aydér period(1940-1986; from Naiman et al. 1988).

Habitat Conversion and Bgmentation:
Railroads, Agriculture, Timber Harvest,
and Roads

Improved transportation, passage of Federal
legislatiorf intended to encourage immigration,

*Four years after resolution of the Oregon Country
dispute with Britain in 1846, Congress pastes
Donation Land Claim Act, which led to the
development of the Willamette ValleBy the time
the law expired in 1855, more than 7,000 settlers
had filed on more than 2.8 million acres in Oregon.
An even greater stimulus to immigration was
passage of ta Homestead Act in 1862, which
offered settlers free title to 160 acres (65 hectares)
of undeveloped Federal land.

and discovery of abundant deposits of gold and
silver spurred population growth and
development in he Northwest during the

second half of the 19th century. Only a few
hundred settlers made the arduous wagon
journey to the Oregon Country in the 1830s, but
extension of the Oregon Trail to The Dalles in
1843 and discovery of gold in California in 1848,
followed by subsequent gold and silver strikes
in Idaho, Montana, Oregon, eastern
Washington, and Canada, opened the door to
mass immigration (Schwantes 2000,
HistoryLink, accessed 2011). The population of
the Northwest surged to 60,000 by 1860 and to
over 9M,000 by 1890 (Figure 11.1). Soaring
demands for food and lumber, along with
development of the rail system, spurred rapid



expansion of agriculture and the timber
industry.

Railroads

Railroads brought the industrial revolution to
the Northwest. An immedite effect was to
connect croplands (already in use or with
potential for production) and begbroducing
rangelands with eastern and California markets
(Rolbins and Wolf 1994). Resulting changes in
land use for grazing and farming activities are
discussedelow. Another change with enduring
consequences was the transfer of vast amounts
of public land to the railroad companies. To
subsidize railroad construction, the companies
were given every oddumbered section (one
square mile, or 259 hectares) of pudand

within 10 miles of the righof-way. For a time
the land owned by the railroads continued to be
publically available for grazing and other uses,
but eventually most sections were leased or
sold. The resulting checkerboard pattern of
public and privad land ownership crossuts
landscapes in many areas; different lamse
objectives and attitudes toward land
stewardship have fragmented once extensive
tracts of habitat and altered suitability for some
species of wildlifeRigure 11.3. The railroads
were also important in opening up large tracks
of timber for harvest, often with devastating
effects on oldgrowth forests (also see Figure
1.7 below).

Grazing

The cattle industry grew rapidly during the Gold
Rush years, first on the west side of the
Cascdes and then eastward into the valleys of
Columbia Basin tributaries. As ranching pushed
further into the Columbia Plateau, drier and

more fragile lands were grazed. By the time that
additional stimulus was provided by arrival of
the railroads in the 188Qslamaging effects of
grazing on riparian, grassland, and dry
shrublandforest habitats were already evident
in many parts of the Basin. Riparian zones, with
abundant vegetation and water, are preferred
by cattleand thusare particularly vulnerable to
grazing damage. Although riparian zones make
up only £4% of the land area of eastern Oregon
and Washington national forests, they supply
over 80% of the vegetation eaten by livestock
(Hessburg and Agee 2003 and citations therein).
Removal of native vegetatioand trampling of
stream banks often leads to bank collapse,
sedimentation, stream shoaling, and increased
solar warmingFRigure 1.4 The degradation of
the riparian zones profoundly influences
connections between terrestrial and aquatic
ecosystems anthe movements of materials,
energy, and organisms.

Dry shrublands and grasslands are also easily
damaged by overgrazing. Following the
introduction of large numbers of cattle and
sheep, native grasses were largely replaced by
grazingresistant, nonnative plants such as
thistles, cheatgrass, toadflax, knapweeds, and
spurge (Robbins and Wolf 1994). Ecological
effects are fareaching: reduced quantities of
fine, highly combustible materials no longer
support the frequent fires that were part of the
naturaldisturbance regimes of grasslands and
prairies, periodically killing the young stages of
woody plants. Consequently, in many areas
sagebruskuniper woodlands and ponderosa
pine-Douglas fir forests have replaced
shrublands and grasslands that had not been
converted to agricultureRigure 11.5.



Figurell.3. Avoidance of cleagut areas by radi@ollared lynx, Morrell Creek drainage, Montgi2806).
The checkerboard pattern is a legafyland grants to the Northern Pacific Railway in the 1860s
(courtesy of John Squires, Northern Rockies Lynx Study, Rocky Mountain Research Station, Mit
Montana).

Figurell.4. Riparianvegeta®iy’ | G 6! 0 dzy AN} T SR o0FSYyOSRU I YyR
eastern Oregorffrom Bayley and Li 2008).
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Figurell.5. Historical (198s) and current (1990s) habitatpe patterns in twosubwatersheds of the
Columbia Plateau Provind@) Lower John Day 2701, note replacement of shrubland by woodlanc
(B) Lower Grande Ronde 21, note replacement of herbradsland by forest cover (from Hessburg

and Agee 2003).

Governmentagencies began limited regulation
of grazing practices during the early decades of
the 20th century, and protection subsequently
improved. Shrublands and grasslands have
recovered some from past abuse, but lanse
legacies are persistent and sometimes
irreversible (Foster et al. 2003 and citations
therein). Exotic rangeland plants are difficult to
eradicate and reestablishment of histaaic
burning regimes may fail to reestablish original

11

soil characteristics and plant communities
(Foster et al. 2003).

Faming

Early settlers found ideal farming conditions in
the Willamette Valley and other fertile valleys
of the Columbia River Basin. Although the
amount of land put into crop production was
relatively small through the mid800s, the
areas selected for comvsion to farmland were



the most productive, biologically diverse, and
closely linked with stream networks. After
railroad lines reached the interior Columbia
Basin in the late 1800s, the acreage of
cultivated land increased rapidly. By the 1930s,
most ofthe native grasslands in the Basin were
converted to cropland or grazing land (Robbins
and Wolf 1994, Hann et al. 1997).

Today, agriculture (cropland, pastureland and
rangeland) istie dominant anthropogenic
landscape feature in the Northwest (40% of
total land area, Wuerthner 1994, citing data in
Jackson and Kimerling 1993), in theited
States(46%, Vegrby and Krupa 2001), and
worldwide (38%, The World Bank Open Data
2011). Convesion to agriculture, which
generally replaces native habitats and destroys
or disrupts habitat connections, fundamentally
alters the geomorphic and ecological processes
(Foley et al. 2005, Donald and Evans 2006).
Agriculture has had a disproportionaterge
impact on lowelevation areas with productive
soils and easy access (Huston 2005, Leu et al.
2008), and these areas are typically tightly
linked to aquatic system$-igure 11.5. Some

125°W 124°W 123°wW 122°W nRIEwW

Historic (c. 1850) Wildlife
Habitat Types

46°N =
46°N

H“N
HN

7 > f
/ OREGON A '

birds and mammals make use of cultivatedda
YR I Rel O Sbfaisbul f&r&lesSwell K
as the intensity of agricultural practices
increases (Donald et al. 200Additionally, the
ecological functions of neagricultural lands in

a landscape matrix can be reduced if
agricultural lands act as batrriers to ttransfer

of energy and materials and the movements of
organisms (Donald and Evans 2006). The barrier
effect becomes increasingly evident as smaller
farms become consolidated into large, spatially
homogenous, industrial farms (Benton et al.
2003). For theseeasons, conservation and
restoration of landscape pattern and process
and of function in landscapes with a major
agricultural componet is challenging (Benton
2007)but can be improved (e.g. Cohanal.
2009).

Changes in the physical and chemicalpemies
and microbial communities of cultivated soil can
persist long after cultivation ceases (Foster et
al. 2003 and references therein). Similarly,
changes in plant and animal communities may
persist for many decades or centuries after
former habitats ypes are reestablished on
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Figurell.6. Changes in habitat types in the Lower Columbia Province from 1850 (left) to 1999 Titigh
most salient changes are conversions of mesicagkDouglas fir forest and woodlands (light green) i
of herbaceous wetlands (lavender)damesic ripariarwetlands (pink) to agricultural (yellow) and urba
suburban (red) uses (from Northwest Habitat Institukeyw.nwhi.org/index/ibig.
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previously cultrated lands (Foster et al. 2003
Many factors contribute to this refractory
response to restoration: soil conditions may no
longer be favorable for native plant species,
limited mobility or barriers to movement nya
prevent access by native species, or mative
competitors may have become established and
monopolize key resources.

Logging and forest management

The development of mining, agriculture,
railroads and urban centers in the late 19th
century created stvng local demand for
lumber, accelerating growth of the timber
industry. Largescale lumber production began
after World War |, when adoption of the
gasoline engine to power tractors, logging
trucks and yarding machines, along with
increased access to eash U.S. and
international markets, pushed timber harvests
upward to levels that were maintained for over
four decades (Robbins and Wolf 1994, Figure
[1.1). In earlier years, ponderosa pine was the
preferred speciesAfterselective removal
reduced the abndance of this species, broader

market interest developed in species such as
Douglas fir, larch, cedar and spruce, and clear
cutting became the preferred method of
harvest (Robbins and Wolf 1994). The industry
declined after the midl980s, as it became
uneconomic as a consequence of decreased
availability of oldgrowth timber, competition
with foreign competitors, and new
environmental protection lawsClearcutting
substantially alters forest habitaFigure 11.7,

and the time required for reestablishmeaot
mature forest depends upon both natural
factors (soil, slope, exposure, precipitation and
others) and management practices. Early
successional stages create favorable conditions
for some wildlife; for example, forb and shrub
regrowth in cleafcuts provdes forage for elk
and deer. On the other hand, birds such as the
spotted owl and marbled murrelet and
mammals such as fisher, marten, and lynx (see
Figure 11.3) require oldrowth forest.

Prior to settlement and the advent ofdgging
and fire suppression, olgrowth forest was

abundant in the Basin, and fires ignited by
lightning or by Native Americans created a

Figurell.7. Cleacut timber harvestlikely Washington, circa 1934niversity of Washington Special
Collectionsttttp://content.lib.washington.edu/u?/indocc,54)1

13


http://content.lib.washington.edu/u?/indocc,541

matrix of forest types in various stages of
succession. Stands of edglowth timber are
now uncommon and isolated. Cr@an of a
mosaic of forest in different seral stages,
limitations on the maximum size of clearcuts
and alternative harvest prescriptions, and
provision for migration corridors between
patches of mature forest can help maintain
connectivity, gene flow, angdersistence of
animal populations (Swetnam et al. 1999, Keane
et al. 2002).

Fire suppression and grazing have decreased
the frequency of wildfires in the Columbia
Basin, allowing accumulation of fuel loads. In
the absence of lowintensity ground fires, elar-
cutting, selective logging, and plantation
forestry have simplified forests. In concert with
a changing climate, the result has been larger
and more severe fires, affecting millions of
hectares of Federal, state, and private land
(Figure 11.8Hessbur@nd Agee 2003). Although
standreplacing fires can have both immediate
and longterm deleterious effects on
ecosystems, fire also maintains the structure,
function, diversity and complexity aquatic and
terrestrial ecosystems (e.g., Reeves et al. 1995,
Bisson et al. 2003), and aggressive management
of fire and fuels can be detrimental (Rhodes and
Baker 2008). The threats and benefits of fire
and fuels management are debated (Bisson et
al. 2003, Rieman et al. 2003, 2010),
underscoring the need to engage aimegrate

all perspectives in deciding on strategies for
conservation, restoration, and management of
landscapes (Rieman et al. 2010).
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Roads

Roads are a dominant landscape feature in the
American West (Leu et al. 2008). The largest
contributor to the roal network is tertiary

roads that were built to access timber and other
natural resources; road densities on lands
managed for timber production are often much
higher than in rural agricultural areaBi¢ure

11.9). Valley bottoms along streams are favored
2 0 GA2Yy A
constructed on steeper hill slopes for logging
access. Roads have caused erosion, altered
hydrology, and commonly act as barriers to
movement of terrestrial and aquatic species.
They can also facilitate theseblishment and
spread of exotic species (Trombuka and Frissell
2000). Undetroad culverts often act as barriers
to fish during periods of low flow or, in some
cases, throughout the yeaFigure 11.1D The
conservation status of native fishes in the
interior Columbia Basin is consistently and
negatively correlated with forest road density
(e.g., Leetal. 1997, Rieman et al. 2001).

Habitat Conversion and Fragmentation:
River Channel Modification and
Hydropower

Until partially supplanted by railroads in the late
1800s, rivers were the primary corridors for
travel and commerce in the Columbia Basin. To
facilitate passage of boats and barges, the U.S.
Army Corps of Engineers modified larger rivers
by deepening prirary channels, removing large
woody debris, and eliminating side channels,
sloughs, alcoves and islands (ISAB 2011
Chapter B.2). Dikes were constructed to convert
bottomlands to farmland.
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Figurell.8. Changes in fire severity (upper) and frequency (lower) in the Columbia River Basin, 1t
2000(from Hessburg and Ag&®03).
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Figurell.9. Roads of the Willante River BasinRoads shown in light gray are maintained by the
Oregon Department of Transportation, in dark gray (or brown) by the Bureau of Land Manage
and in all other colors by the U.S. Forest Service. The densestebsdrks (other than in urén
areas) are on Forest Service and Bureau of Land Management lands managed for timber prc
From Hulse et al. 2002:71 with permission.
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Figurell.10. Poorly designed culver block upstream fisissagePhoto: Cecil Rich.

Channel modification

Channel modification began eaitythe
Willamette and other larger river valleys, due to
the importance of the valley centers for
settlement and agriculture. On the upper
Willamette River, thenetwork of braided
channels was progressively simplified until flow
was largely confined to a single channel. The
complex of biologically diverse riparian,
bottomland, and backwater habitats bordering
the river was reduced by over 80%dure 11.11
Hulseet al. 2002). Similarly, modifications to
channels and tidelands in the Columbia River
estuary reduced the area historically occupied
by wetlands by about onbalf (ISAB 2011,
Chapter D.7). River and stream channels
throughout the Basin were also altetdy

dams, water diversions, and channelization.
Large wood was removed from stream channels
to reduce the danger of flooding and because
(for a period in the mie20th century) it was
believed that log jams were obstacles to
upstream movement of adult salom (Merrell
1951). Another change was the construction of
large upstream water storage dams, which
reduced the spring freshets that in earlier years
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periodically reshaped and renewed the mosaic
of floodplain habitats. In aggregate, these
changes affect thesands of kilometers of rivers
and streams and have greatly reduced riparian
and floodplain habitats, as well as connectivity
between terrestrial and aquatic habitatksSG
2000 ISAB 2011). Loss or simplification of the
mosaic of habitats previously alatle in these
mainstem areas has altered food webs and
reduced the availability of feeding and refuge
areas used by salmonids and other fishes (ISAB
2011-1).

Dams

Small dams are located on public and private
lands throughout the Basirrigure 11.12

Almost 1/2 of the identified dams in the
Columbia River Basin are used to store water
for irrigation use (Lee et al 199%igure I.13
Small dams eliminate flowingater habitat and
increase sedimentation, but may increase
aquifer recharge. Low dams aréem barriers

to fish movement, blocking migrations to and
from spawning or rearing areas and increasing
the risk of extirpation for isolated
subpopulations.



Pre-EuroAmerican Scenario ca. 1851

Land Use and Land Cover 1990

Figurell.11. Simulated aerialigws of the upper Willamette River between Harrisburg and Eugene, Oregc
1851and 199¢F N2 Y | ©o{ @ 9y PBANBYYSyiGlf t NRGSOGAZ2Y ! 3Sy
based on data from Hulse et al. 2002:82 with permission).
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Figurell.12. Each dot represents a recorded dam in the Interior Columbia River Basin (east of the
Cascade crest delineated by the heavy likgdm Lee et al. 1997. Based on state inventories of dar
generaly meeting federal regulatory requirements (e.g. > 2m height).

Flood, Debris &

Erosion Control (4.47%) Stock or Fire Protection (6.32%)
— Other (B.70%)

— Aesthetics (1.47%)
Fisheries & Wildlife (3.66%)

Mining & Tailings (2.629)

Recreation (18.839%)

Navigation (0.76%)
Hydroelectric (5.56%)

Irrigation (47.60%)

Figurell.13. Summary of primary uses of dams in the Interior Columbia River. Basimnmarized by
Lee et al. 1997, see figure 12.1

The hydropower potential of the Columbia construction was identified as an instrument of

River was recognized early in the 20th century, economic stimulus. Rock IslaBém was

but no major projects were undertaken until completed in 1933, followed by Bonneville Dam
the Great Depression began and dam (1938) and Grand Coulee (1941). These major
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dams and others constructed during the
following decades provided abundant cheap
electrical power for the Northwest and
supported quickening economic activityjuman
population growth and urbanization throughout
the second half of the 20th century (Figure 11.1).

Large hydroelectric dams onghmainstem
Columbia River and its major tributaries have
substantially altered riverine and riparian
habitats, aquatic food webs, and fish migrations
(NRC 1994SG 2000ISAB 2011).
Impoundments behind the dams provide
habitat for many nomative organsms, ranging
from aquatic plants and zooplankton to
predaceous fishes; some of these organisms
compete with, feed on, or are fed on by native

Pacific @()cc:m

species, while the effects of others are not yet
known (ISAB 2008, ISAB 20%1). Since the
1980s, survival of genile and adult salmon
migrating through the series of hydroelectric
dams on the Snake and Columbia Rivers
increased as fispassage facilities at the dams
have improved (Williams et al. 2001) and as
hydrosystem operations have been modified
(e.g., releas of stored water from upstream
storage reservoirs and increased spill) to assist
fish migrations. Nevertheless, substantial
mortality is still associated with hydrosystem
passage, and white sturgeon and Pacific
lamprey have not benefited from fighassage
facilities, which were specifically designed to
assist passage of salmon. The combination of
the hydrosystem, loss and fragmentation of

. Areas blocked by dams
[ Areas blocked by natural obstructions

[[] Areas open to anadromous fish
[CIMajor dams that block fish passage
[ Major dams that allow fish passage

Montana

Figurell.14. Map of major dams that allow or block fish passage and the areas open to or bto

anadromous fisimodified from K S b2NI KgSaid t26SNJ FyR [ 2y
wildlife program,November 1982Page 4 | & CA 3dzNB ¢ = SalmbniahdIReelite
I FOAGFGSE [/ 2f dzYoAl wA @SNJ FaAVveEDD
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spawning and rearing habitat, harvest mortality,
water pollution, and other factors make
recovery of depleted salmonatks a

challenging objective.

Some dams in the upper portions of the Basin
do not allow passage of anadromous fish. Chief
Joseph Dam on the mainstem Columbia River,
Hells Canyon Dam on the lower Snake River,
Dworshak Dam on the Clearwater, tRelton
Round Butte Dam complex on the Deschutes
River® and most tributary dams in the upper
Willamette River Basin are impassable barriers
for migrating adult salmon, steelheaand
lamprey. These dams and other impassable
dams on smaller tributaries hawtiminated
access to about 335% of historically available
spawning and juvenile rearing habitat in the
Basin Figure 11.1%

Habitat Conversion and Fragmentation:
Urbanization and Exurbanization

Economic and population growth slowed in the
Pacific Northwest during the 1920s and the
depression decade that followed. This period
ended suddenly with the Japanese atkeon

Pearl Harbor in December 1941. Within months,
Portland and Seattle became active centers for
the production of armaments. Jobs in shipyards
and airplane factories attracted workers from
throughout the country, increasing the
population of the Northwet by 25% between
1940 and 1947. Most new residents stayed
after the war, buying homes in the suburbs that
developed around urban centers. The resulting
housing boom fueled demand for lumber and
other manufactured products. A growing
economy and increasduirthrate, along with
continued immigration, set population growth
on a new, higher trajectory that continued
through the second half of the century (Figure
I1.1). Over time, land availability near urban
centers decreasedr was restricted by landse
reguations. Subdivision developers pushed
further into rural areas, where land was
cheaper, development less regulated and taxes
lower. In recent years, the population growth
rates of some smaller metropolitan areas have
exceeded those of larger metro areas.
Nevertheless, absolute population growth is
much greater in the larger metropolitan centers
(www.census.gov/popest/metro/metro.html
ISAB 2008). Despite continued growth,

Tablell.1. Percentages of populations and numbers of residents (millions, in parentheses)

Ot FAa&aAFASR & AGNHzNY £ ¢ A y00KS FT2dzNJ b2 NI Ko
State 1920 1940 1950 1990 2000
Idaho 72.4(0.31) 66.3(0.35) 57.1(0.34) 42.6(0.43) 33.6(0.43)
Montana 68.7 (0. 38) 62.2(0.35) 56.3(0.33) 47.5(0.38) 45.9(0.41)
Oregon 50.2 (0.39) 51.2(0.56) 46.1(0.70) 29.5(0.84) 21.3(0.73)
Washington  45.2 (0.61) 46.9 (0.81) 36.8 (0.88) 23.6 (1.15) 18.0(1.06)

1) Definition of rural by U.S. CensusizNB | dzY a dddy 2 Ay dz2NBFYyAT SR |

HZpnn LISNE2ya 2dziaARS 2F dzNBFyAT SR | NBF aéo

2) Sourcewww.allcountries.org/uscensus/37 _urban_andiral population_and_by.html

except for 2000 data, obtained fromww.census.gov/compendia/statab/cats/population.htnl ¢ | NJ
'yYR dawdzNF £ € RSTAYAGA2Y ad 2608, Né&reaSiglthé HefcBntageDirasiSehty’
classified as rural by 3 to 5 percent.

® Round Butte Dam now has a functioning surface
collection system for juveniles, with transport
around Pelton Dam downstream.
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densely populated urbaand suburban areas
occupy less than 3% of the langka of the
Northwest but these areas have
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disproportionate impact through their demand
for resources, which drives the growth of
agriculture, forestry, mining, roa@énd energy
development, and the fragentation and
conversion of land used for producing these
goods.

The distribution of population changed during
and after the war. From 1920 to 1940,
approximately onehalf to two-thirds of the
population of the Northwest lived in rural areas
(Table 11.}; by 1990, only about onguarter of
the populations of Oregon and Washington
lived in rural areas. Decreases in the relative
proportions of rural to urban residents also
occurred in Idaho ahto a lesser extent in
Montana, although these states remain neor
rural than Oregon and Washington. In recent
years many small towns with economies based
on logging, mining, or agricultural activities
have struggled to remain viable, and some have
been abandoned.

Although urban and suburban populations grew
more rapidy than rural populations through the
20th century, absolute numbers of people living
in rural areas continued to increase (Table 11.1).
In recent decades, the fastegtowing use of
land in the West has been development for low
density second and retirenmt homes (Hansen

et al. 2005, Leu et al. 2008). Some states have
become concerned about the resulting loss of
productive agricultural land (e.gQregon
Department of Land Conservation and
Developnent’), but many of these small land
holdings are not located in lowalevation

areas favored for agriculture. Instead they tend
to be in areas that offer attractive scenery and
recreational opportunities, often near large
tracts of higherelevation landhat is managed
for timber production, wilderness, and other
values that may not be compatible with
residential development. This trend accelerated
with the information technology economic
boom of the 1990s (Huston 200%)ternet
access became widely alsdile and allowed

4 www.oregon.gov/LCD/farmprotprog.shtml
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many to work at home rather than commute to
an urban office. Development of previously less
disturbed rural areas eliminates and fragments
habitat, encourages colonization by noative
species (e.g., weedy plants, domestic cats) and
human-associated native species, and overall
results in loss of habitat and connectivity and
changes to disturbance regimes (e.g., frequency
and magnitude of fires and floods; Hansen et al.
2005, Radeloff et al. 2010).

Consequences of Landscape Change for
Fih and Wildlife Populations

For fish and wildlife, the consequences of
humancaused landscape change in the
Columbia Basin have been profound. Habitat
loss and fragmentation have translated to
substantial declines in abundance and
distribution of native spcies. One of the most
comprehensive assessments of the status of
native fishes across the Basin (Lee et al. 1997)
estimated that over ondnalf of the native
species were listed or considered for listing
under the Endangered Species Act or were of
specialconcern to managers. None of seven
¢1Se¢ ylruAaA@S arfyY2yaRa
populations in more than 22% of their potential
range (Thurow et al. 1997) and strong bull trout
populations were limited to less than 6% of
their potential range (Rieman et.d997,

Figures 11.15, 11.36Steelhead and Chinook
salmon have been lost entirely from
approximately 50% and 70%, respectively, of
their potential ranges (Thurow et al. 1997), and
McClure et al. (2003) concluded that 84% of the
remaining populations ine Basin were not
currently viable.

Most native fishes still persist in the Basin, and
some remain widely distributed, but local
populations are often fewer, smallesand more
restricted in spatial extent and connectivity
than in the past (USFWS 20@#gure I1.1Y.

High dams and other impassable barriers have
eliminated anadromous and freshwater
migratory forms from substantial areas of river

LIS NJ
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and stream habitat. Where resident forms still
persist, the loss of largkeodied migratory forms
has restrictedyene flow and demographic links
among populations, as well as growth and
fecundity within them (Rieman and Mcintyre
1993, Fausch et al. 2006). Many remnant
populations persist, but habitat fragmentation
has increased the vulnerability of these isolated
populations (Dunham et al. 2003), and that will
be aggravated with changing climate (ISAB
2007-2, Rieman et al. 200Fjgure 11.18
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Figurell.16. Changes in the distribution of bull trout within the interior Columbia River Bakmtop
image represents the potential historical range; the bottom image represents the predigtibution
of existing strong (black and dark gray), and depressed (light gray) populations (from Rieman et
1997).
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Figurell.17. Fragmentation of bull trout habitat in the Boise River BasahddAll colored watersheds
represent potential spawning and rearing habitat for bull trout. All patches of a common color are
connected and accessible to individuals moving from any other patch, with the exception of thos
are dark brown or orange.rBwn and orange patches are completely isolated from all others. Bull
persist primarily in the larger and more connected patches. Undedpxelopment conditions, bull
trout could move freely throughout the entire Basin, and are believed to have bewe widely
distributed and abundant (from USFWS 2008).
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remained.

As stock abudances and numbers of
populations have declined, diversity, both
within and among populations, has been lost.
Interior populations have generally fared worse
than those closer to the ocean (Gustafson et al.
2007); the result is a loss of genetic diversity
among the populations that evolved in those
distinctly different environments. Even within
many subbasins, habitat loss has not been
random. Generally, development or
encroachment has been pronounced on lower
elevation private lands that are flatter, more
accessible, and more productive than on higher
elevation, steeper, and more isolated public
lands (Rieman et al. 2000, 2003, Burnett et al.
2007, Whittier 2011). Dams and migration
barriers that eliminate migratory forms and
isolate remnant populations habeen more
common at higher elevations (Fausch et al.
2006, McClure et al. 2008). Because genotypic
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and phenotypic diversity are strongly associated
with environmental gradients at these scales,
the bias in habitat loss has further restricted
diversity (McClure et al. 2008, Bottom et al.
2005).

The losses of divergithave not been well
quantifiedbut are likely substantial (Gustafson
et al. 2007, Lindley et al. 2009). For instance,
within the Columbia Basin, where fish once
entered the river in virtuayl every month of the
year, diversity in the timing of adult Chinook
migrations has been reduced to several
temporally discrete runs (Waknitz et al. 1995).
For many populations of both anadromous and
interior salmonids, some distinct |Heistory
types no dnger exist (McClure et al. 2008,
Fausch et al. 2006). As variation in life histories
among streams and local populations has
declined, so has asynchrony in spawning



abundance (Isaak et al. 2003, Moore et al.
2010), reducing the overall stability of
populdions and metapopulations.

Attempts to manage fish and wildlife have
sometimes aggravated losses of abundance and
diversity. Fisheries can impose artificial
selection by disproportionately exploiting some
components of mixed stocks. Hatchery
programs deeloped to restore higher numbers
of fish may inadvertently contribute to the loss
of genetic and liféhistory diversity through
artificial selection or homogenization of stocks
and life-history patterns (Lindley et al. 2009). In
some areas, the introductioof nonnative
species, often to create new sport fisheries,
threatens native species (Sanderson et al.
2009). Conservation efforts are commonly
focused on populations that are currently the
most abundant or productive, but marginal or
currently unproducive populations may
represent a disproportionately important part
of total diversity or evolutionary potential (e.qg.
Hilborn et al. 2003).

Consequences of Landscape Change for
Fisheriesdependent Communities

Abundant fish and aquatic resources sustained
a Northwest tribal population of over 180,000
prior to EureAmerican settlement (Boyd 1999).
A series of epidemics in the 18entury
(originating from Spanish settlements in the
Southwest) and first half of the 19th century
reduced Native American poptians by 80 to
90%, decreasing fishing pressure on salmon
stocks until the advent of commercial fishing in
the 1860s. As tribal populations declined, fish
harvest by settlers increased, with much of the
catch canned for export. Development of the
gasolineengine early in the 2Dcentury

enabled fishing for salmon in the ocean, and
commercial and recreational salmon fishing
became important for communities up and
down the Pacific Coast. The economic base for
these coastal communities and for communities
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onthe lower Columbia River was a mix of
fishing, logging, and farming.

Beginning in the 1930s, Columbia River salmon
runs declined significantly, reflecting a
combination of excessive harvest rates and
landscape change throughout the Basin.
Fishingbased ommunities lost significant parts
of the fishing sector of their economy, and
Native American tribes experienced increasing
difficulty in harvesting the fish they depended
upon for sustenance and ceremonial purposes.
Lower Columbia River communities wear ¢

hit as fish canneries on the river closed in the
1970s (Smith 1979, Martin 1994, 1997).
Gillnetting and trolling vessels that occupied the
West Basin harbor in Astoria in 1970 were
almost completely replaced by recreational
watercraft by 2010 (C. Smitpersonal
communication). Decline of the fishing industry
eliminated jobs both for fishermen and for
those employed in fisiprocessing, as well as
other service and production jobs generated by
the fishing industry. Although fisheries in
groundfish, shrimp, crab, and albacore grew as
the salmon fishery declined, the net result was
a decline in the economic base for many coastal
and lower river communities that persists
today.

Future Trends

Human population growth and technological
advancement are the furainental drivers of
anthropogenic landscape change. The human
population of the Northwestern states (Idaho,
Montana, Oregon and Washington) increased
by almost 900% during the 20th century, and
rapid growth is expected to continue well into
the present centry.” The impacts of a growing
population on natural resources will be felt
throughout the Northwest (ISAB 2087 ISAB
2011-1) and beyond. A growing global

*The population of the Northwest is expected to
increase by 26% over the next 20 years (U.S. Census
Bureau ndwww.census.gov/population/
www/projections/stproj.html.
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populatiorf will further add to pressures on the
land and water resources of the Northwest.
International demand for wheat and other
grains and for beef will increase, and rising costs
for air transport of perishable foods such as
fruits and vegetables may increadeet
economic feasibility of local production. As
demand for food increases, undeveloped land
will be converted to agricultural use and new
water sources will be required. Growing urban
and rural populations will also require land for
housing and economic gelopment and water
for domestic and manufacturing uses.

Projected climate trends are expected to
further complicate management of water
resources: flows will become increasingly
variable, peak flows will occur earlier in the
spring, and the lowest summdows will be

lower than at present (Mote et al. 2005, ISAB
2007-2, Hidalgo et al. 2009). Warmer
temperatures will increase the use of air
conditioning and the need for electric power
during the summer months (NPCC 2010). Water
needs for agriculture, dogstic and

commercial needs, and power generation will
increasingly conflict with water needs for fish
and wildlife resources (Mote et al. 2003, Payne
et al. 2004, Battin et al. 2007, Lettenmaier et al.
2008,Alexander et al2011).

Preparation for future change typically includes
efforts to improve understanding of langse
legacies and of the cumulative effects of land
use change (Dale et al. 2005, Hobbs and Cramer
2008). However, 21stentury changes in the
environment, landscapeand ecosystems will
raise new and unexpected challenges (Hobbs
and Cramer 2008). Climate change is expected
to increase the frequency of wildfire, extreme
flow events, and other natural disturbances,
and to increase threats presented by disease
and invasre species. Landse change, climate

®world population is expected to increase from the
present 7 billion to 9 billion by midentury (United
Nations Population Division 2008ww.un.org/esa/
population/publicationspopnews/ Newsltr_87.pdf).
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change, disturbances (e.qg., fire, flood), stressors
(contaminants, disease) and invasive species
(Strayer 2010) can be expected to interact in
unanticipatedw 8 & 06 a O2 YLJ2 dzy RSR
LIS NIi dzNJbPaidelet?aly 2098}, adding the
uncertainty. Planning for conservation of
biological diversity in an unpredictable future
will require innovative and flexible strategies to
adapt to changing conditions.

Conclusions

Historical review

Historical review reveals landscape legaches t
constrain future options. Actions in the Basin in
the past 200 years have changed every
ecosystem characteristic, giving each a
significant human footprint. The loss of both
habitat and connectivity between habitats has
been particularly consequentiédr fish and
wildlife. Efforts to conserve and restore
landscapes face a future for which there is no
clear analog. Efforts to prepare for future
change must include improved understanding
of landuse legacies and of the interactive and
cumulative effectof landuse change over time
(Dale et al. 2005, Hobbs and Cramer 2008).

Agents of change

Each of the human activities responsible for
landscape changethe fur trade, mining,
railroads, agriculture, logging, hydropower
development, and urbanizationdeveloped
over periods of only three to five decades.
Other changes associated with urbanization and
human population growth, notably the
introduction and spread of nenative species
(ISAB 2008, 20111) and the release of
environmental contaminants (1$A20111),
have contributed to such change. Population
and economic growth and changing
technologies have been and continue to be
major causes of change.
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Nonrandom and cumulative change

The loss of habitat for native biota is enormous
and nonrandom, aml remaining habitat is
fragmented to various degrees. Losses of critical
habitat and connectivity and changes in spatial
structure are most extensive at lower elevations
and in riparian and floodplain areas. Changes in
landscape structure and function apersistent
and not easily reversed. Most restoration

efforts to date have been small, unconnected
projects, completed by willing landowners and
managers, and are unlikely to be sufficiently
integrated, complementary, and strategically
located to be effectie at the landscape scale.

As described in the next section of this report,
populations are basic units for restoration of
fish and wildlife, and populations require
landscapdevel restoration.

Loss of Habitat and Connectivity

Loss of habitat and habitaonnectivity isolates
subpopulations and increases the probability of
extirpation. Fish and wildlife are adversely
affected by blocking of migration corridors by
urban development at river mouths, highway
development, agricultural practices in lowland
river basin areas, filling of estuaries and sloughs
to create area for urban and agricultural
development, forest harvest practices, and
damming of rivers to generate electric energy
for urban and agricultural needs. Because
landscapes are dynamic and arenfeed of

habitat matrices that change continually over
time, restoration to a preexisting historical
condition may not be possible or desirable. An
alternative management approach is to
reestablish natural processes and plan human
activities so that the laslscape matrix contains

a wide range of habitat types and connectivity is
maintained between patches of similar habitat.
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The most powerful tools for accommodation to
changing conditions are maintenance of
landscape diversity and of genetic diversity
within species.

Changing values

Early EureAmerican settlers brought the values
2F aYl yA T &Ech leRGthelvidwy &
that landscapes would produce unending
guantities of fish, forest, and agricultural
products to support human communities. The
value systms of modern Columbia Basin
residents increasingly incorporate the
importance of landscapes for sustenance of
fish, wildlife, and humans. Recognition has
increased that humans are integral parts of
ecosystems, derive considerable benefits from
them, and nust pay more attention to the
impacts they have on them, but, as discussed in
this report, full engagement of this recognition
in conservation and restoration planning and
action needs to be much more fully developed.

A challenging future

Human populatio growth in the Basin will
continue at least through midentury, so that
pressures for use of land, water, and natural
resources will intensify. A changing climate is
expected to bring higher temperatures, changes
in precipitation patterns, earlier and me

variable spring flows, and decreased and more
variable latesummer water availability. These
climatic changes will interact with langse
changes and disturbances in unpredictable
ways, pointing to a future for which the past is
informative, but for whth there are not precise
analogs. Nonetheless, it is clear that biodiversity
and resilience will continue to decline unless
landscapes are protected and restored.



lll.  Foundations for a Comprehensive Landscape Approach
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Moore, The Pine Island Paradox

As this quote suggests, habitat conservation
and restoration are challenging tasks that must
consider vast, heterogeneous, and changing
ecosystems. The Fish and Wildlife Program
outlines a Vision of the Columbia River
SOz2aeaidsSy Fa 2yS ¥
YR RAGSNERS: FAAK | YR
Ffa2 LINRBGARS dal odzy Rl yi
harvest (NPCC 20@®:6). In its Scientific
Principles, the Program recognizes that
populations are integrally linked to the
biophysical components of their emehments,

that ecosystems are dynamic, and that their
resiliencadepends on the capacity to adapt to
change and disturbance. A primary focus of the
Program is conserving or restoring habitats that
support populations.

¢KS t NRPINIYQA
guidance and a growing body of ecological
work, with guidance for recovery of viable
salmaid populations (Appendix IX.Ahd with
Tribal recovery planglones et al. 2008, CRITFC
2011). This vision implies landscafavel
restoration, and it canot be realized without
successful implementation of a landscapeel
approach (e.g., Dale et al. 2000, Turner et al.
2001, Fausch et al. 2002, Steel et al. 2010,
Hanseret al.2011). Additionally, the vision
requires, and would be enabled with, more
comprehensive consideration of the
socioeconomic constraints and processes. Thus,
this report develops the background for a
comprehensive landscape approach.

The obijective of this section is to review the
scientific basis for a larger perspective in
conservaion and restoration of fish and wildlife
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populations and habitats. We provide an
overview of landscape ecology and of the
comprehensive approach needed to explicitly
integrate consideration of, and participation by,
the human inhabitants of the landscapEhe

G | 0 nateRdl iy sirimatidsiPaikalz€ries of Principles
¢ thét drierhefrBm thaéxdvidel andifdrra ghidande K |- G

Bririold &ffictvy [argeiceicénsefvatidtl and
restoration.

A Landscape Context

Landscape ecolodgpidebar Ill.Land the

concept ofresilienceprovide thefoundation for

a larger perspective. Landscape ecology argues
that spatial and temporal patterns of habitats
and the processes (or flows of energy, water,
and materials) that create and maintain them,
mdaér YeéwhpdpHiatiynd caf persist indefinitely
in small or isolated habitats. Populations
flourish only when they are buffered from the
vagaries of climate and disturbance and
supplied with flows of energy, nutrients, other
materials, and organisms from other places.
Virtually all organisms use or depend an
variety of habitats and linkages among them,
within a larger landscape. Thus, it is ultimately
the landscape that provides the conditions that
support abundant and productive populations.

ResiliencgSidebar lll.prefers to the capacity

to absorb andadapt to disturbance or change
while maintaining essential functions (Harrison
1979, Holling and Meffe 1996, West and Salm
2003, Walker and Salt 2006). Thus, resilience is
even more fundamental to the success of
restoration than are abundance and
productwity. Resilience results frodiversity
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within and among speciemodularityof
habitats and populations; and theonnections
and feedbackamong them. These conditions in
turn depend on landscape patterns and
processes that occur over large areas, so
promoting resilience requires a foundation in
landscape ecology. Resilience is as much a
socioeconomic as an ecological concept
(Gunderson and Pritchard 2002, Berkes et al.
2003, Healey 2009, Davidson 2p10kefish
and wildlife populations, societies and
economies can be resilient, drawing on their
diversity and capacity to adapt to changing
conditions.

Landscapes generally encompass areas larger
than the more traditional focus of habitat units
or reaches of stream, but have no single fixed
size. Landscapeange in spatial scale from the
smallest watershed to the entire Columbia River
Basin and beyond. For populations of some
aquatic invertebrates or fish like sculpins or
dace, the relevant landscape may include
interconnected habitats within a single reach
stream and its encompassing hillslopes. Salmon
provide an example of organisms that use
linked habitats across far larger and more
complex landscapes. Ultimately, the quality or
value of individual habitats depends on their
suitability, but also theisize, distribution, and
accessibility within those broader landscapes.
These depend in turn on the characteristics and
history of larger watersheds, landforms, and

climates, as well as past land use and future
development.

Thus, conserving and restorihgbitats to

support resilient populations depends on
constraints that are imposed by landscapes and
by people. Bisson et al. (2009) argue,
dalyl3asSySyid 27
Pacific salmon should focus on natural
processes and variability rather thattempt to
maintain or engineer a desired set of conditions
OKNRdzZK GAYS o05FtS Si
conservation and restoration are done within
GKS O2yGSEG 2F LIS2LX SQa
and values. Ecologists often have neglected the
social, ecoomic, and cultural considerations

(Dale et al. 2000, McKinney et al. 2010, Reid et

al. 2010). For example, Nassauer (1997:4)
O2y Of dzRSa GKF{G SO2ft23Arai
flIyRAOFKLIS SO2t23A0Ft a2t
impeded or disregarded because they dit fit
GKSANI Odzf 1dzNF £ O2y G SEG ®¢
approach to be effective, people must be

engaged in the process and must understand

the relevant science. Success depends on past
values given to landscapes, fish, wildlife and

their habitats, and on futurealues and benefits
desired from them.

A comprehensive landscape approach to
conservation and restoration implies an
understanding of physical, biological, and
socioeconomic processes, their integration, and
a capacity to adapt. We consider these inrtur

Sidelar I1l.1. Landscape Ecology: Pattern, Process, and Scale

Despite the desire to restore the broader landscape of the Columbia River Basin, habitat restoration has begen
focused mostly at small spatial scales. Landscape ecology is arativegliscipline that forms the basis for
restoration of landscapes. The foundations of landscape ecology are in the basic congegiterofand process,

scaleandhierarchy(Turneret al.2001).

Pattern and processefer to the composition, arrangement, dynamics of, and movements among basic éemen
2 NJ & LJ G OK S & £Forleyample, distingt Raitedris ln)Stieam and forest habitats can be linked to
movement and survival of organisms. Underlying processes igdrology and geomorphology) create and

maintain patterns in habitatsThose patterns in turn, influence physical, biological, and socioeconomic procegses,

including the sources and movements of organisms, material and energy between organisms aadsioé p
ecosystems, and the related of social systems. Spatial pattern and temporal dynamics of habitat influence
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abundance, productivity, diversity, and the persistence amen evolution of populationd.andscape ecology is
concerned with the interactios between pattern and process.

Scalerefers to the spatial and temporal dimensions of patterns and processes. Scale matters because differ
patterns become visible at different scales and different processes dominate at different scales. For exampl
occurrence of nomative brook trout anl native bull trout are negatively correlated at the scale of reaches alof
stream. This is presumed to reflect interactions such as competition and predation between the species tha
depend on the gradient of habitat conditions along the stream (eigmBn et al. 2006)n contrast, the two
species are positively correlated at the scale of-aatbersheds across the Columbia River Basin, presumably
because both require cold streams, even though they are locally separated by mechanisms that opemte at
finer scales (e.g., Dunham and Rieman 1999).

The concept of Scale is linked with the concepttiefarchy(or nested levels of organization). Each level can be
recognized by a limited set of patterns, behaviors, or processes constrained or contrplieeels above and
below the one of interestFrissellet al. (1986) proposed a framework of stream habitats organized within a
hierarchy of land form, valley form, and habitat respectively; Soranno et al. (2010) outlined a similar framew
lakes.

There is no single relevant landscape scale. The point is to consider pattern and process at scales large eng
understand the basic controls for the habitat, population, or phenomenon of$teni o h Qb SAt f S
et al. 1994 Schultz 201pbut also with a resolution fine enough to understand the critical underlying mechanis
That will often require a larger spatial and temporal context than has been typical of past habitat restoration
efforts.
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Sidebar III.2. Resilience Thinking

Walkerand Salt (2008) RSTAYy S NREAORBWOSGRaXalG2 06a2Nb RAaAdl
and structureg Resilience refers to the capacity of natucalltural systems to adapt to, absorb, or recover from
environmental change, allowirgpntinued support of important functions; thus, resilience is a fundamental
mechanism leading to sustainability. Resilient societies or ecosystenetiee able to meet challengeand are
better able to do so without compromising their potential to mdeture challenges. The notion of resilience is
essential to meeting the vision of the Columbia River Basin Fish and Wildlife Program.

Attempts to maximize production of some single natural good or service generally entaiaifada which other
goodsor services are limited (Lichatowich 1999). Examples of such-tofisiénclude timber harvest vs. water
quality, maximum yield fisheries vs. conservation of spawning stocks, hatchery production to support harves
native species recovery, and spilltisNI Yy A LI2 NI 2F YAINF GAy3I alfyz2yod aw
is a fundamental attribute of resilient systems. Resilience is promoted by maintaining diversity, which may r
foregoing some other opportunities. Efforts to make ecolagienefits more predictable and less variable tend
reduce diversity and resilience, making them more susceptible to collapse. Management that focuses narro
increasing one (or a few) thing(s) while degrading diversity makes ecosystems and mac&tyulnerable to
change that might otherwise have been absorbed (Holling and Meffe 1996).

Resilience results from three facteiversity, modularityandfeedback(Walker and Salt 2006. Diversity is varie
in basic elements such as habitats, spedifshistories, genes, populations, soetalltural institutions, and
knowledge (e.g., Healey 2009; Bisson et al. 2009), and it provides options and the legacy of materials for
reorganizationIntentionally maximizing productivity of one element generédlyds to a reduction in diversity.
Modularity reflects independence among elements such that they have the capacity to contain local damagg
reorganize afterward. Resilient systems have elements or modules that are neither too tightly nor too loosel
connected, which allows both local containment of damage and reorganization afterward. Feedback refers t
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well a change in one part of a system, such as abundance of one species in a biotic community, is recogniz
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responded to adaptively by othempts. Densitydependent population growth is an example of ecological
feedback. Feedback can be developed in saxidiliral systems by monitoring programs and experiments

The following are rules of thumb for building resilience:

for diversity - maintain many populations, species, and habitats and tolerate the perspectives of diverse
socioeconomic groups and individuals; recognize and embrace variability (which is a form of and a support for
diversity)rather than trying to control it;
for modularity - maintain redundant habitats or other entities (e.g., subpopulations, social groups, or economnic
units) that are connected enough to allow interactions, but not so connected as to experience the same
conditions

for feedback- maintain connectivity of soci@nd ecological networks, foster learning and experimentation, and
support redundancy in capacity and jurisdiction.

The Resilience Alliangevw.resalliance.orgrovides extensive resources to explore these cotsend
applications in the real worldSee alsavww.ecologyandsociety.org

Biophysical processes Frissell et al. (1986) outlined a hierarchical
classification of aquatic landscapes, including
geomorphic provinces, watersheds, valley
segments, channel reaches, and channel units
as a framework to underanhd broad and finer
level controls. These concepts have been
extended to classify and understand variability
in habitat and ecological conditions across
watersheds, rivers, and streams (e.g., Schlosser

Physical processesntinually shape landscapes
and the habitats within them. These are
commonly viewed in a hierarchical (nested
levels of organization) scheme (Montgomery
and Buffington 1998, Buffington et al. 2003,
Montgomery and Bolton 2003, Beechie et al.
2006, 2010Hgure I11.3. At the broadest level,

geology, climate, and the history of landform
evolution through tectonics, glaciation, and 1995, Montgomery et al. 1999, Ugedal and

erosion over geologic time scales {2@° years) Finstad 2011)'_I'h_e conclu_smns are that
KIS &aKF LISR -opog@dphyficSNI £ @& \e{a}\efffg{ags within a province should be. more
GSYLX iS¢ 6az2yld298NE | ""t‘rr].to Qo t-‘f‘”}g]‘geé i ?fy Ch":‘racu?”s“c?
This broad pattern has in turn constrained the tan €y "?‘trh‘? 0 .Ise |n”| eren protvmces,
size, geometry, topography, and local climates streams within simiiar vafley segments may
of the Columbia River Basin (e.g., its havg S|mllar reach and habitat characteristics
watersheds, stream networks, hill slopes and Within time frames relevant to land

valley bottoms; Benda et al. 2004, Beechie et al. manag_ement and restor_at|on (|:e_., 2O yr),
2010). The physicaharacteristics of stream geologic and topographic conditions at scales

reaches and habitats within this setting are larger than valley segments are relatively static.

defined largely through processes of hydrology In contrast, condl_tlons at the scale qf stream
(amount, timing of flow and transport of energy reaches_and habitats are metynamic,

and materials), geomorphology (erosion, respondlng to the flux and_storagc_a of water,
deposition and storage of sediments and coarse sediment, and wood,_and mtera_lc_tlons of
materials), vegetative growth and succession channel and floodplain. Formalizing these

(wood recruitment, bank stabilization, shading, conceps, Montgomery_ (1999) and others_
nutrient cycling), and their interactions, (Montgomery and Buffington 1998, Beechie et

feedbacks, and alterations through land use al. 2010, Naiman et al. 2000, 201pposed a

(e.g., agriculture, road construction) and natural cIa§S|f|cat|.on_at the valley S egment scale .
disturbances (e.g., wildfirstorms, droughts) defined principally by confinement and gradient

(Naiman et al. 2000), as the constralnt_s on source, transport, and
storage of materials and the feedbacks from
biotic components and their actions. Such
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classifications can asst in understanding and and can be used to guide habitat restoration
assessment of landscape patterns and controls and monitoring $idebar 1.3

Reach scale:
riparian and channel-
floodplain processes

Driving variables controlled by
reach scale processes:

- root reinforcment

- wood supply

Reach-scale processes:

- riparian processes

- channel-floodplain
interactions

Spatial scale of processes:
10" - 10" km?

Temporal scale of processes:
101 -102yr

Watershed scale: Snowmelt
erosion and

runoff processes

Driving variables controlled by
watershed-scale processes:

- discharge

- sediment supply, caliber

Watershed-scale processes:

- hydrology
- erosion

Spatial scale of processes:
10-'- 10%km?

Temporal scale of processes:
101 - 102 yr

Litho-topographic
template y

Driving variables controlled by
the litho-topographic template:
- channel slope
- valley confinement

Landscape processes
- tectonics
- erosion

Spatial scale of processes:
>10" km?

Temporal scale of processes:
>10% yr

Figurelll.1. lllustration of the hierarchy girocess that controls the dynamics and distribution of stre
habitats and ultimately the distribution, abundance and diversity of aquatic orgar{fsoms Beechie e
al. 2010).
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Sidebar II.3. Developments in the Classification of Land and Water

The pactice of classifying landscape features is advancing rapidly. The speed of data acquisition and analy:
the quantity, accuracy, and precision of data are transforming understanding of landscapes and socioeconad
systems and are making it possiblentanage them at scales heretofore unimaginable. Four technological ace
remote sensing, geographic information systems (GIS), data management, and spatial anaggeenhanced
our ability to examine the geographic context of both natural landscapestheir socioeconomic components in
detail. These technologies allow significant advances in effective-plsed restoration and conservation

Landscape and stream classifications help to identify conservation potential and restoration needsiésell, et
al. 1986, Nairan et al. 1992, Brierley et &008). Moreover, classification facilitates communication among
disciplines (Kondolf et al. 2003).

Four integrative approaches promise to change management fundamentaky are NetMap
(www.netmaptools.org; River Stylesaww.riverstyles.com/publications.phpremote sensing, models and
statistical analyses (Beechie and Imaki 2011, Whittier et al. 2011); and the use of catémaestuary (Si
Simenstad, biversity ofWashington, pers comm). Equally important, the emergence of regional datglsams
as thePNW Habitat Classification Systems (PHaCS) Datgivageles common links among classification system
Each of these is more fully described in Appendix I1X.B.

Effective classification systems have several attributeble 111.1Beechie et al. 2011 in press). They recognize
influence of higher levelarger scale) and lower level (smaller scale) factors on the subject of interedher
words, they use landscape or valley features to define the boundaries of possible conditions, as well as curtf
conditions within those boundaries (Naiman et #92; and see Sidebar Ill.1). They recognize that agents of
change (e.g., wind, water, fire) continuously influence conditions within a specific location. They recognize |
restoration goals and are suited to the geomorphic, ecologic, and historic dasftéhe region (Cullum et al.
2008). In this context, effective classification helps guide restoration of habitat conditions (e.g., pools, riffles
channels) that are constma&d by the biophysical conteg.g., supply large wood and sediment) as oppdsed
influenced by management and human history (Naiman et al. 1992, Buffington et al. EQ@#kr, effective
classification systems are ecologically relevant; their use depends on the goal of the activity (e.g., habitat fo
vs. sites vulnerableotdisturbance)Finally, they explicitly recognize uncertainties associated with both the
classification and predictions of ecosystem responses to changes in driving processes (Whittier et al. 2011)

LYLRNIFyGfes aodz Ayé oapeis ad ésaeNtl at@iBuie OfamMdfcstive amdsificétion
system. Researchers need to find compromises between complex classification systems that are scientifica
acceptable and rigorous methods that users and the general public can understanchajhiequire considerable
investment in consultation, outreach, and training.

Tablelll.1. Guiding criteria for developing an effective classification sygfesm Beechie et al. 2011 in press and
adapted fromKondolf et al. 2003).

Criterion Description

Hierarchical Recognizes that lower level conditions are
controlled by higher level processes

Processased Based on, and predictive of, responses to changes in watershed or reach le
processes

Locallytailored Suited to the local geomorphic, ecological, and human historical context

Ecologically relevant Relevant to local ecological or environment restoration goals and objectives

Recognizes uncertainty Explicitly recognizes uncertainties in batlassification of sites and predicted
responses to process changes
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The geometry of channel networks (i.e.,
branching patterns and interspersion of stream
size, gradient, and confinement) also influences
habitats and ecological conditions (Rkenetal.
2003, 2004, Poole 20p2Channel networks can
be viewed as a template organizing transport,
deposition, and storage of sediment, water,
wood, and other materials (Miller et al. 2003).
LYy AYLRNIF Yy
reach and habitat pghes whose characteristics
are determined by disturbances such as
wildfire, debris flows, floods, and subsequent

ecological succession (Reeves et al. 1995, Benda

et al. 2004). The longderm patterns of
disturd I y O S
their magnitudes, durations, frequencies, and
spatial patterns) are formed by climate,
landform, and geology, as well as the history of
past disturbance (Moritz et al. 2011). Similar
concepts have been used to consider stream
flow and temperature regimes (Gdd and
Naiman 2010, Poff et &010).

Biological processeasflect the physical
template. Physical and ecological processes
continually mold and remold habitats, creating
the environments for fish and wildlife. The
nature of populations and communities
depends on interactions between species,
interaction of species with habitats, on broader
controls and biological processes such as
invasion and evolutionSidebar 11l.4)and on
landscape history.

At the broadest scale of the Columbia Basin,
much of thepotential diversity among and
within species was constrained long ago
through influences of evolution, speciation, and
ocean and freshwater invasions (Matthews
1998, Reeves et al. 1998, Montgomery 2003).
The native fish assemblages derive from a
zoogeograhic history influenced by glaciation,
vicariance events (splitting and isolation of
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populations by natural processes), and dispersal
along routes defined by landform, river
networks and hydrologic and geomorphologic
processes such as headwater capture and
glacial flooding (e.gHaas and McPhail 2001).
Subsequent radiation and adaptation have
created the diversity now recognized within
distinct ecological or zoogeographic regions,
évoludianarily gighificant whilR, addidigtihcy 3 ¢
population segments (e.g. Waples 1995,
Allendorf et & 1997, Lee et al. 1997, Matthews
1998, Waples et al. 2008).

At the finest scales of stream reaches, habitat

602 NJ & RA d@ntladdd | y Qp&tchekBoReven nicrbhabitats, distributions

and diversity of species reflect local habitat
characteristics (e.g., Fausch et al. 1988, 2002,
Fawsch2010). At these scales, the physical and
chemical suitability of landscapes have been
aSSy |a aFAt GSNEE
traits of species or life stages that can occur
within them. The characteristics of populations
and communities a shaped by the physical

and biotic processes that act on species that
pass through these filters (Matthews 1998).
Thus, the abundances and life history
characteristics of species tend to vary
predictably along environmental gradients that
are defined bydctors such as temperature,

flow, depth, velocity, substrate, and availability
of food and refuge (Reeves et al. 1998jer et

al. 1999, Reeves et &011). Occurrence of
individuals of any species or life stage depends
on habitats that support growth,usvival, and
reproduction. Growth, survival, and
reproduction are influenced by interactions

with other species through a diversity of
processes such as primary production, foraging,
predation, competition, hybridization

(Matthews 1998, Falke and FauscH@Q

Reeves et al. 1998, 2011) and through
continuing adaptation and evolution (Sidebar
111.4).
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Sidebar 111.4 Adaptation and Diversity

'y 2NBFYyAAYQA loAfAGeE (2 &dzZNBAGSEI INBSZ | YR NBLN
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that evolve over many genations, through natural selection. A population that is adapted to a particular habi
will be more productive there than would other populations of the species that are not adapted to those
conditions.

at

Diversity among local populations of a specieglisasevolutionary significant unitsSUEof listed salmonids)

provides at least two benefits in terms of ecological goods and services. First, the variety of specialized adaptations

(suchasmigr G 2 NB (A YAy 3 portR & f okpppRldtichScaiEprovide BeRefitéisuch as extended

seasonal availability of salmon to food webs and fisheries. Second, a diversified portfolio can stabilize aggregate

benefits and provide insurance against fluctuating conditions. Populations with different local &daptare

likely to have distinct responses to changing environmental conditions, such that productivity increases for some

YR RSONBIaSa
of a species inhte landscapeFor instance, Schindler et al. (2010) summarized the diversity of run timing among
sockeye salmon populations of the Wood River Lakes system in Alaska and demonstrated how that diversity

contributed to the longterm stability of the compositsalmon run See Appendix IX.C for more detail.

As landscape concepts have developed in fish
and wildlife sciences, considerable interest has
been focused at scales intermediate to those
outlined above (i.e networks of streams to

river basins; Fach et al. 2002, Fausch 2010).
One result is growing recognition of processes
dependent on movement of individuals (Ward
1998, Fausch et al. 2002, Fausch 2010, Wipfli
and Baxter 2010). Because many species
require distinct habitats for reproduction, early
rearing, growth, and winter or summer refugia,
some individuals require migrations of
hundreds of meters to thousands ofdmeters
(Northcote 1992, 1997, Schlosser 1991, 1995)
to survive and maximize productivity and
fithess. Thus, the landscapedy usemust
included O2 YLIX SYSy Gl NB ¢
that are extensive, persistent, productive, and
interconnected enough to allow completion of
the full life cycle (e.g., Carlson and Rahel 2010,
ISAB 20141).

Variation in patterns of movement and habitat
use contribute to resilience as well (Healey and
Prince 1995, Rman and Clayton 1997, Healey
2009, Schindler et al. 2018jdebar 111.4;
Appendix IX.C). Temporal and spatial variation
in growth can lead to variation in lifagtory

and movementsSo, variabn that occurs

within populations (e.g., Narum et al. 2008,
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Johnson et al. 2010), within cohorts (Nielsen
1992), and even within the lives of individuals
(e.g., Brenkman et al. 2007) depends on the
patterns of accessible habitats. Variation in
timing of novements is critical for juvenile
salmon whose early ocean survival has been
related to coastal upwelling (Scarnecchia 1981,
Nickelson 1986, Pearcy 1992, Scheuerell and
Williams 2005), to other ocean factors such as

T2 NJ 2 (0 K&Nidbce vaidtidn indhiBvaral2tyiddSnceRhd@ @Bt & &

winter sea temperatures, spring trangity’ R ( S

d 23SNB SintdloF R G2 tF NBS
YR Ry 8zNI
and the Pacific Decadal Oscillation (Mantua et
al. 1997). As a result it is important to consider
the diversity, spatial arrgyand connectivity of

habitats for conserving and restoring the

LI ( Odivérsity a@ mioveihkend patteingiand life

histories in this age of climate change. The
suitability of different habitats will change due
to increasing temperatures in both fresh water
and the ocean (ISAB 20@Y, to dhanges in the
timing and intensity of coastal upwelling, to
rising sea levels and to increasing ocean acidity.
This diversity is therefore a hedge against
uncertainly and climate change that threaten
the resilience and productivity of many
populations (Hiborn et al. 2003, Tolimierei and
Levin 2004, Waples et al. 2007, Geoxet al.
2008, Lindley et aR009, Appendix IX.C).
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Dispersal, defined by movement away from the
natal environments with successful

reproduction elsewhere, can be essential to
colonizaion of new habitats that are created
even as others are lost. Dispersal contributes to
the spatial structure or populations and
communities (Falke and Fausch 2010, Appendix
IX.D) and can enhance gene flow and
RSY23ANI LIKAO &dzlJLi2 NIi
populations, allowing them to persist in areas
where they could not if fully isolated (Rieman
and Dunham 2000, Costello et al. 2003, Quinn
2005). Homing or lack of dispersal can increase
isolation and facilitate local adaptation, genetic
and phenotypic differetiation, and expanded
regional diversity among populations (Quoi
2005, Hendry and Stearns 2Q0ppendix IX.C).
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The growing understanding of fish and wildlife
movements has led to more interest in tools to
explore the controls on the dynamics and
resilience of populations acosss scales
(Matthews et al. 2009Falke and Fausch 2010,
Uchida and Inoue 2010). Metapopulation
(Schlosser and Angermeier 1995, Falke and
Fausch 2010) and metacommunity models
(Falke and Fausch 2010) are being used to
explore the roleof broad spatial patterns on
local population and community dynamics.
Spatially explicit life stage models are being
developed to consider the pattern and
condition of habitats used at different life
stages (Appendix IX.E). Knowledge of
movement of salmorin relation to ocean
habitats, and subsequent implications on
populations too, has grown (Pearcy 199Both
theory and empirical results suggest that
broader spatial patterns and dynamics of
habitats influence movement across
landscapes, and that thosefterns can be as
important to resilience and persistence of
populations as the quality of local habitat (Isaak
et al. 2007).

Socioeconomic processes

Socioeconomic processaxompass insights
from many disciplinesSidebar 1.5 each of
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which has detded understandings of how
socioeconomic systems work. Many groups of
social scientists, economists, and ecologists
have tried to synthesize the basic processes of
adapting to environmental change (CIESIN
1992, Stern et al. 1992, Kempton et al. 1995,
Gundeson and Holling 2002, Berkes et al. 2003,
Brewer and Stern 2005, RA 2010, Reid et al.
20NISSusSkin 2010. Theree B Ablsihgle
accepted answer, but most recommendations
suggest better integration of socioeconomic
processes. Here, we outline a conceptual
framework that links socioeconomic process to
a broader landscape context and its physical
and biological processes.

Socioeconomic processes are underlain by
values and goals. Knowledge about landscape
ecology is also fundamental to getting actions
that are more broadly considered and beneficial
to people. Knowledge for most people is filtered
by their valuesKigure Ill.2Kempton et al.

1995, Vaske et al. 2001, Dietizal. 2005).

Because people have values and goals, they add
intention to addressing complex issues (Malle et
al. 2001, Conte and Castelfranchi 1995). What
people plan or intend to do can be converted

into actions, but not all intentions become
actions. An actio that does occur results in
feedback that becomes part of the knowledge
pool, but knowledge is not always used
effectively. First, values influence how
knowledge $ interpreted (Vaske et al. 2001
Manfredo and Dayer 2004). Second, knowledge
can be lost (Blla 1997) and often lessons have

to be relearned as reflected in the commonly
KSIENR {FyllFrelryl 6mdpnpo
cannot remember the past are condemned to
NELISIG AGodé b2N R2S3
(Vallone et al. 1985, Nyhan and Reifler 2010);
dzadz- €t £ & GF1Sa azws$
Education is one of the common disturbances.
Counterintuitive results, natural or
socioeconomic events, collaborations, opinion
surveys, voting behavior, and conflicts can
OKIy3aS (KS (yz2¢fSR3S
willingness to accept it. One of the reasons for
early socioeconomic engagement is for the
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resulting collaboration to help people SFOK LI NIGAOALNF yGQa LIRAAGA 2

understand the knowledge base that structures

Sidebar III.5. SocioeconomiMeaning

The socioeonomic sciences have differentiated into many disciplines and subdisciplines. Each has multiple
2F0GSy O02YLISGAy3a G(KS2NARSa (2 SELXIFAY KdzYky | OGAzy
and economic dimensions of landscape @MW G A2y | yR NBAG2NI GA2y ® a{ 2(
systems, people, institutions, governmental and nongovernmental organizations, markets, policies, values,
preferences, objectives, intentions, projects, and actions. It encompasses soghlides as anthropology,

communications, economics, education, geography, law, philosophy, political science, social psychology, af

and
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sociology.

Disturbance I

Actor
System

Collective of
biophysical, beliefs plans intentionality .

. ) , . action,
economic, values intentions action
social, and norms attitudes behavior out-
cultural goals preferences come
knowledge desires

A
€ Least to most observable >
Feedbacks Feedbacks

Figurelll.2. Schematic of the knowledge, valuggentions, and actions procesSocietal knowledge is
filtered by values to create intentions that may become actions. The outcomes of actor choices ¢
actions produce feedbacks that affect each of these domains. Ecological or socioeconomic distL
are drivers for change in this system as are feedbacks (based on Stern 2000:412; Malle et al. 2C
Dietz et al. 2005:357).

The socioeconomicrpcess involves gaining getting agreement ofntentions and
LJS 2 Liinde®tanding anéngagement identifying those who can and will taleetion
resolvingvaluequestions and difference Values, which in Council publications are
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converted into intentions to act. Intentions are
the strategies, plans, and meass included in
the Fish and \dlife Program (NPCC 20609),

the Subbasin Planninghe Multi-year Action
Plans® (NPCC 2018nd the monitoring

programs (MERRIPCQR01017). Intentions

lead to desired actions. From a socioeconomic
perspective, intentions derive from vision and
leadership, rely on trust and partnerships, and
generate the power and resources to act (Smith
and Gitlen 2002).

Socioeconomic understanding and engagement
to develop and implement the Fish and Wildlife
Program (NPCC 2009) involves actors and
their values, intentions, and actions. The term
Gr OG2NRE Aa dzaSR G2
take action. Ators bring diverse values and
understanding of issues, competing social and
political intentions, and conflicting actions to
most situations where the path is unclear.
Actors are the people or groups who formulate
a plan or strategy that identifies meassrand
measurable goals to be achieved. Actors may be
a formal organization or people with common
interests. They can be any type of governmental
or nongovernmental association, or corporate
profit or not-for-profit organization. The NPCC
(200913) maintairs a list of over 200
organizations (actors) with which it

collaborates. The organizations are grouped by
federal managers, fish and wildlife agencies,
state government agencies, associations, tribal
associations, utility groups, agricultural
organizationspublic interest groups, building

and code enforcement agencies, and politicians
and related committees. Yet, not mentioned are
hundreds of cities and counties that make land
use decisions daily affecting fish and wildlife.
City and county road agenciesdaprivate road
and water districts influence the landscape on a
daily basis. In addition, there are hundreds of
thousands of landowners, many of whom can

" www.nwcouncil.org/fw/subbasinplanning/
default.htm
8 www.nweouncil.org/fw/lf/Default.asp
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corridors for fish and wildlife. Each of these
actors has disnct and limited temporal,

functional, and spatial scale.

Values&B LIS2 L)X SQa o6StASTa
or wrong, good or bad (Karp 2000). The use of
GO fdzSa¢g Aa
beliefs, desires, objectives, perceptions, and
world view. Rokeach (1973:122) argued that
social psychologists have long been interested
in values because they determine behavior.
Scarnecchia (1988) points out that values
determine actions in fisheries and hatchery
management. People interpret facts based on
their values and experiences (Dietz et al. 2005,
Smith 2005, Nyhan and Reifler 2010). People
may have to unlearn deeply held values and

adults respond better to active learning
(Meyers and Jones 1993) and being imed
rather than just being informed.

Intentionsconvert values, goals, and objectives
into behavior and action. The diversity of actors
and their values lead to diversity of intentions.
Some intentions are shared, some are
complementary, and some are @onflict. The
socioeconomic process begins by engaging
people and organizations in the discussion and
finding agreement on intentions. Early in a
process of selecting an action, people may not
be interested or engaged. As a potential action
is perceiveda affect an individual or group,
engagement increases. Agreeing on intentions
is context specific, timeonsuming, and
complex. The process is adaptive. Success
requires connectivity among all potential

LI NOIAOALI yGaz (2t SN yOS
collabaation. It includes unlearning along with
learning.

Policies such as langse plans and building
codes, regulatory requirements linked to
endangered species and water quality, court
decisions, and best practice prescriptions
structure actor intentions. Hixies are shaped
by education, experience, chance events, and
people with strong interests. The intent of
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policies is to set a framework and synthesize
rules for how people should act. Not every
action can be controlled, so policies that have
wide supportare more likely to be followed.
Policies that many people question are often
ineffective.

Developing intentions to get action is helped by
scientific, technical, and local knowledge. When
developing intentions it is helpful to know the
characteristics beffective organizations (Smith
and Gilden 2002, Sabatier et al. 2005) that have
moved successfully from vision to action.

Actionsare the culmination of the visioning and
planning processes (Smelser 2001, Hyman and
Steward 2004). Before any actions ¢ake

place, people and organizations have to
become engaged to understand the issues, to
formulate plans to act, to implement actions,
and to assess the results. Biophysical, economic,
social, and cultural knowledge all provide
important background and arthe basis for
getting people to act. Scientific knowledge
about physical and biological processes is not
the only form of knowledge. Yet, too often, it is
assumed that merely informing people of
scientific facts is enough. Local knowledge can
often provide details important for

conservation and restoration actions.

McKinney et al. (2010:2) note that lanude
patterns often transcend the legal and
geographic reach of existing jurisdictions and
institutions. Large portions of the Columbia
Basin come undethe jurisdiction of states. The
tribes have long temporal experience residing in
the Basin. Some actors have very specific
functions like the L& Fish and Wildlife Service
and state and tribal departments of fish and
wildlife. Private landowners have amterest in

a specific land area. The temporal, spatial, and
functional scope of those whose actions affect
landscapes is typically limitess that no one
organization or individual has enough power to
affect the whole system. Cumulatively,
however, thousads of uncoordinated actions
can greatly damage a landscape.
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The action process begins by identifying
relevant knowledge (Figure 111.2). Then a vision
or set of objectives is identified. The execution
of a vision and objectives requires leadership to
gainsupport for a measurable goal (Smith and
Gilden 2002). Since no group exists in isolation
or has full control of actions, trust and
partnerships bring diverse peoples and
disciplines together to collaborate on
commonly held, or at least complementary,
visions, and to resolve conflicts over divergent
ones. Actions require the power and resources
to put strategies and plans into practice. Actions
are based on knowledge, learning, and
feedbacks through monitoring, modeling, and
assessment to provide insightachthe

capability to change (Holling 1978, Walters
1986). Action should proceed along with a
rigorous process of monitoring and assessment.
Adaptive management and informing people
through active learning can enable the Council,
its partners, and the puldito develop the
capacity to cope with uncertainty.

Integration and an Interdisciplinary Process

Ecosystems, by definition, involve many
interacting physical, biological, and
socioeconomic processes and elements. An
integrative approach will be requirdadr their
effective conservation and restoration. The
conservation and restoration of aquatic
ecosystems cannot be effectively isolated from
management of terrestrial ecosystems,
socioeconomic systems, and general human
intentions.

Socioeconomic process such as globalization,
migration, markets, government policies, and
new technologies will continue to shape
landscapes (Stern et al. 1992, Kempton et al.
1995, Gunderson and Holling 2002, Reid et al.
2010). Climate change and invasions of new
species ad to uncertainty and create
ecosystems with no historical precedent (ISAB
2007-2, 20073, 20084, 20111).
Interdisciplinary socioeconomic and biophysical
science increases understanding of these



interacting processes (Gunderson and Holling
2002, Berkes etl. 2003). Collaborations that
include a wider range of participants, more
diverse organizations, and reach across
ecosystems and socioeconomic processes
improve intentions and actions (McKinney et al.
2010, Suskind et al. 2010). Governance
systems thatire more comprehensive and
holistic are more effective (Sabatier 1999,
Soden and Steel 1999, Boardman 2010).
Capacity for adaptation increases with better
knowledge, broader collaboration, and flexible
governance for coping with change and
unknowable futues (Sabatier et al. 2005). A
process that integrates science, management,
and socioeconomic interests, and builds
teamwork across a range of natural resource
disciplines, responsibilities, and capacities is
necessary to support a landscape perspective. A
goal of integration and interdisciplinary
participation is to bring better collaboration and
governance at the scales necessary for effective
conservation and restoration.

The legacy of past human actions has led to
significant alteration of landscapes, loss of
habitats, expansion of hatcheries, and collapse
of some fish and wildlife populations. Yet
people love natural areas, untouched spaces,
and places saved from humananachment.
Human actions also have the intention to
conserve and restore, resulting in both positive
and negative consequences for distinct
environments (Gunderson et al. 1995, Williams
et al. 1997). By taking a landscape perspective
with more integratedparticipation and broader
interdisciplinary teans thinking more broadly,
understanding interactions, preserving
diversity, and improving landscape functionality
using processes that already exist, Columbia
Basin landscapes can support people as well as
fish and wildlife. Recognizing that that the
future has many unknowns and new challenges
(ISAB 2002, 20073, 20084, 20111) implies a
need for new flexibility, capacity to adapt, and a
different way of thinking about the future.
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Adaptive Capacity

Many oganizations, including the Food and
Agriculture Organization (FAO 2006),
International Panel on Climate Change (Adger et
al. 2007, Parry et al. 2007), Millennium
Ecosystem Asssment Ecology and Society
2007, USAIR009), World Resources Institute
(WRI 209), RA 2010, and World Bank (2010)
are working to integrate biophysical and
socioeconomic science with environmental and
resource management. This integration is
intended to strengthen "adaptive capacity" and
ultimately the resilience of naturalultural
systems faced with change. While the
biophysical and socioeconomic concepts
outlined above offer some scientific guidance,
local knowledge also can clarify the appropriate
direction and governance approaches (Kempton
1995, Sabatieet al.2005).

Variabilty and change are inherent properties
of landscapes, ecosystems, and fish and wildlife
populations and may be accentuated by
attempts to control or exploit them (Holling
2001, Bottom et al. 2010, Sidebar I11.2).
Attempts to manage for a specific benefign
disrupt adaptive capacity and resilience by
simplifying the diversity of habitats, altering
connectivity, and disrupting mechanisms for
feedback. For instance, hatchery operations
have the potential to reduce diversity by
homogenizing the genetic compten and
patterns of growth and migration in large
numbers of fish, bgollapsing local populations
0 & Y 2 R)dafo & #w large, homogeneous
populations, or by overwhelming the influence
of natural density dependence (an important
ecological feedback) wvild stocks with the
artificially elevated capacity of a hatchery
environment. Such damage to the adaptive
capacity of ecosystems also could significantly
damage the communities and cultures that
depend on salmon and other species for life and
livelihoods

Variability and change present environmental
and socioeconomic conditions that are difficult



to anticipate Because of such factors as Ron
native species (ISAB 208§ climate change
(ISAB 2002), and extensive land cover
conversion Tuchmann et al1996, ISAB 2003
2), many future ecosystems will have no natural
or historical precedent (ISAB 2G1) A
mechanism is needed to learn about changing
landscapes, ecosystems, and populations and
revise our actions appropriately. Adaptive
management of natudaresources is suggested
(Holling 1978, Walters 1986, Lee 1993) as this
mechanism. The concept of resilience (see
Sidebar 111.2) also argues thdiversity,
modularity, and feedbaclead to retention of
adaptive capacity. Resilience includes
anticipation that change is to be expected and
there is a need for alternatives and flexibility to
new situations and challenges (see Appendix
X.A).

As for ecological systems, intention to create
efficiency and wealth and to meet expanding
demands through conversiongetrol, and
exploitation of natural systems can contribute
to diversity loss, instability, and increasing
uncertainty for socioeconomic systems.
Changing fire regimes associated with past fire
suppression and catastrophic flooding resulting
from past dikilg are important examples. Fazey
et al. (2010) argued that resilience in human
systems can be facilitated by focusing on action
that maintains or increases the diversity of
future options and by efforts that nurture and
build human adaptive capacity to take those
varied options. Population growth, survival, and
behavior of individuals, societies, communities,
and socioeconomic institutions are mechanisms
that provide feedback in socioeconomic
systems; all of these are components of
adaptive capacity. Saxconomic processes
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mirror the feedbacks in natural ecosysternst
can be dramatically enhanced through active
learning, acquisition of new knowledge, and
adaptive management.

Adaptive management is the process for
deciding better approaches when scierare
policy are in conflict, when knowledge is
incomplete, or when there is considerable
uncertainty about future conditions. For
example, some people have intentions that
seek to control and stabilize ecosystems, which
science shows can rob the biologiaad

cultural diversity needed for adaptive capacity.
Adaptive management uses what is learned
scientifically from monitoring, modeling, and
assessing actions to develop new goals and
intentions to act. It can also benefit from
innovation and comparison ammg groups
engaged in similar activities. One of the primary
goals is to improve resilience and adaptive
capacity through an effective feedback of
learning through experimentation, and
innovation, and the sharing of new knowledge.

Principles for a Comprehesive
Landscape Approach to Conservation
and Restoration

Based on our review, we suggest a series of
principles that underlay aomprehensive
landscape approacand can be used to guide
conservation and restoration of fish and wildlife
and their haitat in the Columbia Basin. We
organize these principles into four themes:
socioeconomic, landscape, integrative, and
adaptive The principles are outlined in Table
I11.2 and summarized below.



Tablelll.2. Summary of 15 principles for a comprehensive landscape approach to conserve and restore
fish and wildlife and their habitat3 he principles are in alphabetic order by short name. These are key,
but many more could be added.

Name Principle Primary References

Action Values influence intentions, which influenc Malle et al. (2001), Smelser (2001)
actions

Collaboration Collaboration and partnerships increase tt Wondolleck and Jaff€2000), Sabatier e
effectiveness and efficiency of actions al. (2005)

Context Context matters Naiman (1992, 1996), Naimamd

Turner (2000), Ball et gR010), Beechie
and Imaki (In Press), Fausch et al.
(2002), Gunderson and Holling (2003)

Diffusion Acceptance of innovative actions occurs Rogers (1995)
through the adoptiondiffusion process.

Diversity Diversity is fundamental to adaptive Hilborn et al. (2003), Schindler et al.
capacity (2010); Appendix IX.C

Dynamics Ecological and socioeconomicssms are  Reeves et al. (1995), Benetaal. (1998),
continually changing Dale et al. (2000), Seastedt et al. (200:

Weinstein (2010)
Education Active experiential learning is an effective Senge (1990), McKinney et al. (2010)
form of education

Experimats Experimentation increases adaptive Holling (1978), Lee (1993), Walters
capacity by creating new knowledge (1997), Grantham et al. (2010)
Function Ecological functions can be retained even Calicott (1995), Kareiva et al. (2007),
when all native species cannot be conserv Seastedt et al. (2008), Humphries and
or restored Winemiller (2009), ISAB 20411 Noss
(1990).

Governance Aligning policies with the appropriate level MEA (2005)
of governance makes them most effective
Incentives People respod better to positive incentives MEA (2005), Hanna (2008), McKinmg¢y

than disincentives al. (2010)

Organization Vision and leadership, trust and Susskind et al. (1999), Smith and Gilde
partnerships, and empowerment and (2002), Sabatieet al.2005, McKinney
resources promote the success of et al. (2010)

conservation and restoration organizations
Populations  Populations are basic units cbnservation Waples 1995, Wood and Gross (2008)

and restoration. McElhany et al. (2000), Dunham et al.
(2002).
Structure Spatial structure contributes to the Levin and Lubchenco (2008), McElhan
dynamics and persistence of populations et al. (2000), USFWS (2008), Appendi
IX.D
Values Values affect understanding and acceptan Dunlapet al. (2000), St et al. (2003),
of knowledge Dietz et al. (2005)
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Socioeconomic Principles

Socioeconomic engagement will help key actors
understand and act on the intimate interplay of
societies with ecosystems. Effective actions
within larger landscapes follow from the

actions, incentives, and values of people who
live in the area or are concerned about
sustaining its resilient fish and wildlife habitats
and populations.

Values influence intentions, which influence
actions (Action).In anthropology, philosophy,
political science, social psychology, and
sociologyaction theories view values as
IJ2PSNYyAy3a LIS2LX SQa
resulting actions. The theory is not all
encompassing. Social structures can limit or
dictate pcssible actions. For example, tax
structurescan provide positive incentivemit
also can create perverse incentives that work
against desirable actions.

People respond better to positive incentives
than disincentives (Incentives)Vhile altruism

is asso@ted with conservation and restoration
behavior (Dietz et al. 2005), for those not
committed to conservation of fish and wildlife,
other incentives can promote actions and
behaviors that result in conservation and
restoration. Considerable work on incerds

has been done in economics (Hanna 2008) and
sociology (Fetchenhauer et al. 2006). Some
Sy 02 dzNI 3S
to create incentive for large landscape
O2yaSNBIGA2Y LINR2SO0a¢
Incentives have to be createdrfmdividuals

and organizations to adopt behaviors that
influence actions compatible with conservation
and restoration goals.

Values affect understanding and acceptance of
knowledge (Values)People often make
decisions based more on personal values and
beliefs than on factgKempton et al. 1995, Stern
2000 Steel et al. 2003, Dietz et al. 2005).
Research suggests that, when challenged with
facts that they question, people fall back on
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their values to set their course of action, a
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which people reject information because it does
not fit their values and beliefs.

Landscape Principles

Comprehensive landscape ecology underpins a
broader approach for understanding and acting
to conserve and restore the patterns and the
processes that maintain resilient fish and
wildlife populations and their habitats.

Ay G S gebldgaland sodioactnimicisiisieiiataie dzNB

continually changing (Dynamics)andsapes,
ecosystems, habitats, fish and wildlife
populations, and socioeconomic systems are
influenced by disturbances, climate, social and
cultural forces, internal interactions, and
histories (Reevest al. 1995, Bendat al. 1998,
Bendaet al.2003). Thusthey are dynamic and
changing. Dynamic corittins tend to support
diversitybut also contribute uncertainty in
prediction of future conditions. Given current
climate trends, the influx of nenative species,
and changing human population and
technology, mcertainty and surprise are
inevitable. This emphasizes the importance of
adaptive capacity, which reflects diversity in
legacies of materials, organisms, and knowledge
that are available to be drawn on in responding

G02YoAYAYy3 $§Ethshnye/(Hale Bidzy2R00ySHastadfdzND S &

2008).
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Context matters (Context)Higherlevel
constraints limit the potential conditions that
can exist or be created in the future. For
instance, the characteristics avers, streams,
and their channels depend on the fluxes of
water, sediment, wod, and materials from

other parts of the landscape. Their habitats and
populations are inextricably connected with,
and dependent on, conditions in riparian areas,
broader watersheds, and terrestrial ecosystems
(e.g., Naiman and Turner 2000, Ball e8l10,
Wipfli and Baxter 2010). Thus, management of
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riparian zones and uplands influences aquatic
ecosystems, and management of aquatic
ecosystems cannot be effectively isolated from
management of terrestrial systems (Naiman
1992, 1996). Pattern and procesgerating at
broader scales than the habitats or populations
of interest often define the limits of their
inherent potential (e.g., Fldrton et al.2010).
Similarly, socioeconomic systems are affected
by higherlevel governance, economic, and
cultural stuctures and processes, and by
existing social, cultural, and economic patterns
(Bodley 2008).

Spatial structure contributes to the dynamics
and persistence of populations (Structure).
Spatial structure of habitat or other biophysical
conditions, also cldd landscape pattern, is the
template for the dynamic ecology and resilience
of populationg(Turner et al2001).Thus, spatial
structure has become an important focus of
ecological research (Appendix IX.D) and

LINE ARS& | FdzyRI YSyhl ¢
samon recovery efforts in the Basin (McElhany
et al. 2000, see Appendix IX.A). The sizes,
shapes, numbers, locations, and connections of
its elements (e.g., habitat units or populations)
promote or constrain the diversity and

resilience of a landscape and inhabitants

(Levin and Lubchenco 2008). The heterogeneity
(diversity) and modularity aflements is
particularly important to adaptive capaciand

NE&AtASYyOSe {2YS ®RSINBS

independence and redundancy among
elements, allows some elemtnto persist or
even flourish when others fail. Linkages among
redundant elements support movement of
organisms and matéals (i.e.,

G O02yySOj \S(rfélyeﬁemmts are too
loosely or too strongly connected, they are
unable to provide adaptive feedbacks that can
limit damage or support recovery from

unfavorable conditions.

Populations are basic units of conservation and
restoration (Populations)implementation of

the Endangered Species Act has focused on
O2yaSNBIGA2Yy 27
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significant units (ESUs) or distinct population
segments (e.g., Waples 1995) that may extend
across landscapes and persist indefinitely
through time.Local populations, defined by low
connectivity, often from distance or
discontinuities in habitat, are the focus of
assessments of viability, modularity, and
diversity (e.g., Ruggierio 1994, McElhany et al.
2000, Dunham et al. 2002, Wood and Gross
2008, shultz 2010). Restoration actions are
most meaningful when they contribute
significantly to positive change in population
level processes. A population perspective
considers the networks of habitats in which
individuals can complete their life cycles (ISAB
20032, Lake et al. 2007, Honea et al. 2009,
Jorgensen et al. 2009, Carlson and Rahel 2010).
A population perspective considers whether
habitat networksare large and complex enough
to retain genetic divesity and to absorb
disturbance(e.g., Rieman and Dham 2000,
Rieman et al. 2007, Neville et al. 2009, Isaak et
&.2AY, SobKiet &. F01®). hdcdl gpulations
are the basic elements of larger
metapopulations and regional population
dynamics.

Integrative Principles

An integrative approach develops scidiati
socioeconomic, and interdisciplinary
collaborations and governance to bring people,
sc:| sts, m ers p0|I I Lead rs, and

nﬁvne?s\?% %@Ft It'su ’{E;ﬁ Hs%a afﬁdscape
perspectlve that accounts for and strengthens
communities within that landsqee. Integration
takes place across broad spatial and temporal
scales and across a range of ecological and
social science disciplines, responsibilities, and
capacities.

Vision and leadership, trust and partnerships,
and empowerment and resources promotesth
success of conservation and restoration
organizations (Organization). A review of
watershed organizations (Smith and Gilden
2002, Sabatieet al.2005) identified vision,
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power, and knowledge as seven attribate
associated with success. A leader with vision is
essential; if the leader and vision can build
trust, partnerships and collaborations will
follow. When people feel empowered by the
vision and the partnerships, the organization is
able to obtain resourcet® act. Effective actions
are based on knowledge derived from
monitoring and assessment.

Collaboration and partnerships increase the
effectiveness and efficiency of actions
(Collaboration).Collaborations and

partnerships build trust, increase

understandng, and gain agreement among
partners in projects where knowledge, values,

or cultural differences create disagreement.
Collaboration between scientific disciplines is
useful where knowledge bases differ and

greater interdisciplinary understanding is

needed. Collaboration and partnerships

become very useful where consensus to act
does not exist and differing perspectives need

to be understood. Collaborative approaches are
expensive in terms of time and should be used
when distrust is high, conflict prevenaction,

or confidence in the data is lacking (Sabader

al. 2005). People come to collaboration to

protect their interests and to prevent

undesirable changes, to advance their values
and general outlook, and to learn about issues
YR 20KSNWwLIBst fhirBe@a OA S
legitimacy, and social capital are among the key
variables making collaborations successful
(Sabatier et al. 2005). Collaboration is not likely
G2 OKIy3aS LIS2LX SQa
one another may allow for an agreement on
courses of action (Wondolleck and Jaffe 2000,
McKinney et al. 2010).

Aligning policies with the appropriate level of
governance makes them most effective
(Governance)Effective environmental policy is
based on sound science (NPCC 209P The
Millennium Eosystem Assessment Responses
Working Group (MEA 2005:26) concluded that
effective management of ecosystems requires
substantial changes in institutions and
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governance; it requires the creation of practices
and policies at all governmental levels that
guideconservation and restoration. In the
United States, governance is constrained by a
division of powers to act. This division prevents
any one body from having the power to
exercise its will. Thus, every level of
government creates practices and policieatth
govern actions. Policies identify the intentions
of society and establish the rules, norms, and
guidelines for action.

Adaptive Capacity Principles

Adaptation in cultural systems occurs through
experiments, learning through education, and
revision ofvalues, strategies, and plans.
Collectively, these lead to the maintenance of
resilience and adaptive capacity in natural
cultural systems. The process of adaptive
management is a major strategy to build
adaptive capacity. Fundamental elements of
adaptivecapacity are diversity and function,
experimentation, active learning, and diffusion,
which is the process by which effective actions
become more broadly accepted and used.
Analogous ecological and evolutionary
processes control adaptation, resitice, ail
adaptive capacity inature.

Diversity is fundamental to adaptive capacity
(Diversity).Biological diversity follows from
landscape and habitat diversity. Diversity
provides the raw material for reorganization
following disturbance or for evolution in

O+ ¢ A et R RY oot

(e.g., Waples et al. 2007, 2008). Diversity also is
fundamental to the adaptive capacity ofiltural
systems (Heale2009). For instance, diverse
portfolios are oneof the ways socioeconomic
systems build adaptive capacity and hedge
against risk (Fang et al 2008). Education, diverse
cultural values and behaviors (Lansing 2003)
and new technologies can help deal with

existing or anticipated problems (Barnard 2011)
andbuild adaptive capacity.



Ecological functions can be retained even and governance, and acknowledgement that
when allnative species cannot be conserved or more knowledge is needed. Experiments are

restored (Function)Ecological health implies needed to understand uncertainties, assess the

diversity in biological structure and function. results of actions, promote active learning,

Although the easiest way to maintain biologi encourage publimiput, and adjust strategies

diversity, and often the most culturally and plans to create new or revised actions.

acceptable way, is to maintain native

organismal diversity, ecosystem function does Active experiential learning is an effective

not necessarily require this (Jones 2003, Meyer form of education (Education)Active

2006, Palmer 2009). Most ecosystems have experiential learning is a proven technique for

been substantially altered by peopladoften effective education, including adult education.

non-native species now are @sent or Active experiential learning increases

Yy I GdzNI £ AT &éegingthe piekeislzaZd K & understanding of new principles and techniques

cardinal rule of intelligent tinkering, including in (Ausubel and Robinson 1969, Senge 1990,

conservation and restoration, the loss of native Meyers and Jones 1993, McKinney et al. 2010)

species is sometimes irreversible. Some have and improves the capacity to implement new

argued that restoration of ecological function is ideas (Fazey et al. 2010). With better

now ascendant to conservation of native knowledye, people are capable of more

diversity (Young 2000), that we are not likely to effective action. Active experiential learning

conserve all endagered populations occurs when a group of learners participates

(Schlaepfeet al.2011), but that we can still together in an activity (sometime referred to as

restore or maintain important ecological F Gt SENYyAYy3 O2YYdzyAilieéos S

functions that support environmental health determines what was useful or imgant, and

and ecological resilience, in part with uses this information to take action.

ecosystems that include nemative species Participants, after reflecting on results and

(e.g., Meyer 2006). Reintroduction of locally sharing understandings, are then better

extirpated populations, such as wolves or prepared for a new round of joint planning.

salmon, even if fronmortnative gene pools,

may restore critical ecological processes. Even Acceptance of innovative actions occurs

landscapes highly altered by human use can still  through the adoptiondiffusion proces

support important ecadgical functions (Colvin (Diffusion). Diffusion of innovation is the

et al.2009). Given that few, if any, landscapes process of spreading knowledge and getting

retain purely native species or gene pools people to implement actions that have proven

(Kareiva et al. 200Beastedt et al. 2008, effective elsewhere. No one entity can oversee

Humphries and Winemiller 2009, ISAB 21}.1 or control every action in a landscape that can

a focus on understanding and restoring aid or impede the strateggeand plans for large

ecological functions is important. scale restoration. Diffusion of innovation is an
approach that can spread lessons learned.

Experimentation increases adaptive capacity Research shows that innovations diffuse from

by creating new knowledge (Experiments). innovators to early adopters to early majority

Experimentation to activelyehrn about (Rogers 1995).

mechanisms and uncertainties is the essential

feature associated with adaptive management. Summary

However, experimentation, or even the

acknowledgement of uncertainty, is not central  Fish and wildlife habitatand the populations

in most management efforts. Largeale that depend on them are shaped by a mix of

management experiments reqeithe effective biophysical and socioeconomic processes,

integration of research and management, policy  influenced and constrained by landscapes and
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their history. Ecosystems are natwalltural
systems, and socioeconomic patterns and
processes share tise constraints and
characteristicsComprehensive landscape
ecology which takes these workings into
account explicitly, is a necessary foundation for
more effective conservation and restoration.
Socioeconomic engagement and organization to
promote integrdion and collaboration are
needed to enable action from this perspective.

Actions that build adaptive capacity and
resilience should be emphasized in conservation
and restoration. Building adaptive capacity
depends on the integration of diverse and
interdisciplinary knowledge and on the capacity
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to learn and adapt through social organizations
that can promote processes of innovation,
diffusion, integration, governance, and
collaboration. New goals, plans, and actions
that build adaptive capacity will enbe

resilience of both the natural and the
socioeconomic components of ecosystems.

l'a az22NBQa SLIAINI LK i
section suggests, a larger and more
comprehensive framework is challenging.
Nevertheless, this framework is essential. In the
next section, we suggest four basic Criteria that
are required for successful largeale
conservation and restoration.



I\VV. Criteria to Evaluate Landscape Conservation and Restoration

A simple set of criteria for evaluating the
effectiveness bconservation and restoration
efforts can guide review and implementation of
a comprehensive landscape approach. The
Principles outlined above emerge from social
and ecological sciences. Others have developed
similar ideas to guide conservation and
restoration (e.g., Naiman et al992,

Gunderson et al. 1995, NRC 1996ouder et al.
1997, Williams et al. 1997, Dale et al. 2000,
McEhany et al. 2000Gunderson and Holling
2002, ISAB 2063, Goetz et al. 2004SG 2000
McKinneyet al.2010, Reid et al. 2@ Susskind
et al. 2010, Steel et al. 2010). Many of these
provided summary recommendations that are
reflected in the review and Principles above.
Four general themes emerged from our review
of the recent science, and these organize this
report, includingthe Criteria below that we
recommend be used to evaluate largeale
conservation and restoration efforts. The ISAB
recommends consideration of whether
proposals or existing efforts do the following:

1 Engage the public and diverse social groups
associatedvith the landscape and build
socioeconomic understanding.

1 Organize a strategic approach with a
foundation in the concepts of
comprehensive landscape ecology.

1 Develop organizations that support
collaboration, integration, and effective
governance anteadership.

1 Promote adaptive capacity based on active
learning through assessment, monitoring,
innovation, experimentation, and modeling,
combined with a clear process to share new
information and revise objectives,
strategies, and actions in response tat
information.

There can be no single best approach.
Innovation and the diffusion of useful
approaches build with experience. All efforts
are examples of possibilities, but the best
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approaches will give attention to the general
elements that are necespafor success. Below,
each Criterion is briefly discussed, followed by
several specific points to look for in review.
Sidebars and/or more detailed appendices
provide example case studies and links to
further resources. We found no examples of
large consevation or restoration efforts where
all four Criteria were fully and successfully
implemented.

Criteria and Examples

1. How well does the plan or strategy build
socioeconomic understanding and engage the
public and diverse social groups associated
with the landscape? (Socioeconomic
Engagement)

Landscape approaches require understanding
and engaging individuals and groups who live
on, are interested in, and derive wellbeing from
an area. Landscape approaches are likely to
proceed more easily when the iractions
between socioeconomic and ecological
processes and the landscapes in which they
occur are broadly discussed and understood.
People are parts of ecosystems, and a
landscape perspective integrates both
socioeconomic and ecological processes and
patterns (McKinnet al.2010, Victorian
Landcare Gateway 2010). Biologists, ecologists,
social scientists, mangers, landowners, and
other citizens bring a diverse set of
backgrounds, perspectives, perceptions of
benefits, and values to decision making. Public
and community knowldge about, and trust in,
lead organizations are critical to engaging
people in the discussion of plans to conserve
and restore landscapes. The field of civic
engagement can provide useful insights. The
World Bank (2011) and National Parks Service
(NPS ndlise civic engagement strategies in
making decisions and resource allocations. The
Institute for Civic Engagement at State
University of New York College at Cortland and



The Aspen Institute (2009, Lasica 2009) also
develop strategies for civic engagement.

It is helpful to evaluate values and incentives to
see if they promote or obstruct conservation

and restoration. Ecological principles, combined
with socioeconomic ones, improve ecological as
well as socioeconomic conditions. Organizations
and efforts thatoffer insights in this area
includethe Lincoln Institute of Land Policy
(McKinney et al. 2010), Landcare Australia
(Victorian Landcare Gateway 2010), Blackfoot
Challenge (USFW nd), King County (King County
2010), the Bonneville Environmental

Foundation B-EF 2009, Ecosystem Baomics,
LLG the Consensus Building Institute (Susskind
et al. 1999), and he Solutions Journal

At times it may seem that there are too many
organizations, with too many pereptives,
trying to work on a particular issue. Since
organizations thrive on their ability to engage
people and obtain resources to continue their
programs, an evolutionary process will select
for those that capture public interest and
resources for theiprograms.

What to look for

1 Broad engagement with citizens,
landowners, and other groups that have
diverse perspectives toward conservation
and restoration. Activities and events that
show indepth communication about
values, incentives, and actiongscussions
that look for areas of cooperation,
complementarities, and ability to develop
beneficial strategies and actions.

1 Breadth of engagement activities that
include public meetings as well as print,
radio, TV, and social media or wélased
tools, toreach the largest possible
audience.

91 Early solicitation of public engagement that
encourages debate and discussion of
alternatives.

° www.thesolutionsjournal.com
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9 Action plans that guide socioeconomic
engagement with an outreach component,
including advisory groups, university
extensia, volunteer programs, and
learning activities for youth and adults.

1 Measurement of effectiveness of
socioeconomic engagement, that includes
NBO23ayAalAazy 27F
sponsored activities, success in public and
outside funding, and trustmong
stakeholders.

The Willamette Valley, Oregon, provides an
example of socioeconomic engagement across a
large, heterogeneous are&idebar V.1
Appendix X.A). The Willamette is of interest
because there has been no sustaining
organization working tetimulate

socioeconomic engagement. With leadership
from the City Club of Portland in the 1930s,
concern over water quality in the Willamette
River brought citizen support for the Oregon
Sanitary Authority, whose mission was to
improve water quality for peple and fish. In

the 1970s, Governor Tom McCall brought urban
and rural interests together to begin lande
planning with the objective of preventing urban
sprawl onto farm and forest lands. In the 1990s,
Governor John Kitzhaber introduced the
concept ofwatershed councils to engage

private landowners in salmon conservation and
restoration.

A second example is Moreton Bay, Australia
(Sidebar IV.2Appendix X.B). The Moreton Bay
catchment covers 21,220 Kpcontains 14
major river catchments, and is highdiverse
socially, economically and ecologically with over
2 million people. There, leadership and vision
have come from collaboration among
government, industry, and community; local
political leadership; consensus regarding
objectives and management taans; and
decisionmaking based on solid scientific
information.

These two cases illustrate how values create
intentions to act (see the Action principle). In
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the Willamette Valleyconcern for urban sprawl
aligned farm, forest, and urban interests with
incentives to create landse planning. Farmers
and forestry enterprises received tax incentives
and certainty about continuance of these land
uses. Urban areas were bounded for more
efficient development. In Moreton Bay, values

catchment approach to improving water
jdzt t AdGed Ly owliekall@ed
the knowledge to act to be applied and aligne
with incentives to accomgh generally agreed
upon goals.

for clean water created the coalitions to take a
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Sidebar IV.1 Willamette Basin, Oregon

The Willamette Basin is a useful example of socioeconomic engagement, a landscape approach, and orgar
for integration and collaboration in a large and diverse area édpjpx X.A). The area of the Willamette Basin
covers 12% of the State of Oregon, has over-tiniads of the population, is the seat of State government, and h
significant urban concentrations, the largest at the confluence of the Willamette and Coluiabra.R

¢g2 SEFYLIESE 2F tSIFIRSNEKALI ' yR LWzt AO Sy3alasSySyi
LINBGSy il dzNBFy &LINI 6f | yR D2OSNY2N YAGT KFoSNR&a wmd
(OWEB) and watershed councils to frstonservation and restoration on private lands and address threatene
and endangered species listings for salmon and steelhead.

McCall led socioeconomic engagement to generate support forlesedolanning statewide. He used a variety o
media outlets(print, radio, and TV). Surveys@fegonresidents gauged support. Many debate forums were
organized. Public participation was welcomed, and NGOs were encouraged to participate. @negose
planning emerged as a result of collaboration between agdrical, forest, and urban interests concernedat
the future effects of laneuse change caused by immigration to ttate.

D2@SNYy 2N YAGT KIF 6 SNRa hNB3I2y tfly F2NI {lIfY2y IYyR
governance authority watershed councils. These local organizations served to gain consensus on plans and
projects, to educate citizens on the role of watersheds in salmon conservation and restoration, to obtain fun
for project implementation, and to foster participation by prigdandowners on whose land projects would be
completed. Associated science collaborations developed among state and environmental agencies, Willamg
Basin universities, and environmental NGOs and watershed councils to educate citizens and design project

A comprehensive landscape approach is seen in collaborative @MEBRSR LJ I yY Ay 3T (K
planning process, DEQ/EPA water quality standards and planning, the NMFS Upper Willamette River Cons
and Recovery Plan for Chinook Salraod Steelhead, a Bonnevi@DFW joint habitat acquisition program, and
collaboration with state universities and government agencies. The Oregorunglanning approach and the
OPSW are the governance foundation for the evolving Willamette Basin Eelapproach. Much is being
learned, but the tension between continued growth and development and landscape conservation and restd
remains a challenge. A continuing concern is that economic considerations continue to outweigh concern fa
ecological onditionsin county landuse decisions.dinty governments often give greater weight to building
economy than conserving and protecting ecosystems.

The goal of Oregon langse planning is to stem the conversion of agricultural and forest lands by deveidp
and to foster restoration of fish and wildlife populations and good water quality. usedolanning requires
concentrating population in urban areas. This continues to require improved public education and applicatio
development, zoning, and bdihg codes. Limiting exceptions to land use rules, as well as better incentives to
landowners for beneficial land uses, will improve success in reaching conservation goals.
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Sidebar IV.2. South East Queensland Healthy Waterways Partnership (SEQHWP)oMBeg/, Australia

Moreton Bay is home for 270 bird species, 740 fish species, 40 outstanding tropical corals, and several end
sea turtles. While Moreton Bay represents only 3% of the Queensland coastline, it produces 13% percent o
state's conmercial fish catch, provides ~30% of Queensland's recreational income, and is a major port.

An innovative and highly successful regional planning approach for managing the waterways and catchmen
Moreton Bay addresses key environmental issues famingheast Queensland (Appendix X.B). Based on need

angered
f the

ts of
5 t0

restore the ecological balance of both land and water, the plan aims to sustain waterways and the benefits they

provide. It adopts a holistic approach, focusing attention on all catchments, from he¢ebia the sea. The
regional plan (the Strategy) is implemented by State agencies, local governments, industries, and communi
organizations. The Strategy provides a common vision and values, measurable water quality objectives, an
scientific informatia to assist integration of local plans and legislation. Successful development of the Strate
attributed to strong local political leadership and advocacy. A number of local government leaders provide
effective support and, more importantly, these lead accept key roles within the Partnership to oversee delive
of the Strategywww.healthywaterways.orj

Stakeholder involvement results in over 60 organizations engaging in the Strategy. An Implementation Grou
consists of a range of stakeholders who regularly assess the status of actions and report progress to the Re
Coordinating Committee of the Quesland governmentThis arrangement provides an going audit of
stakeholder commitments, a step often overlooked in the resource management planning process.

Much time and effort are spent on technical feasibility and the social, cultural, and ecoaepects of
environmental choices. Methods include community consultations, feedback from stakeholders and governr
officers, decision analysis to determine priority managementoacti and cosbenefit analysis of different
management actions.

Using amix of regulatory and voluntary measures, the partnership defines and implements a set of managen
actions to resolve catchmegtoast issues. This case study demonstrates that linking the management of mal
and estuarine areas with the management ofataments requires a broadly based prograhhat includes
collaboration among government, industry and community, local political leadership, consensus among all
stakeholders regarding the broad objectives and management actions, and decision makingrbaggd quality
information.

Scientific investigations reveabnsiderable knowledge of sowghst Queensland waterways and highlight seriou
issues in the catchment. The latest scientific and modeling results are provided to stakeholders on a regular
dzaAy3a | GRBBRINIIOHEKRBRY aAy (KS décBignsICommynRatidnlioOnfotniation
is based, as much as possible, on diagrams and conceptual models. Effective communication methods and
increase confidence within theommunity and with decision makers

Significance of the Moreton Bay Restoration Proogstrong body of scientific information was critical for
supporting the call for effective management and for communicating that information drew stakeholdersinta
work and decision$One of the main drivers for change in Moreton Bay was increasing community expectati
for improved water quality, along with growing recognition of the potential losses incurred by the tourism, fis
and agriculture industrieA major coordinated scientific research program identified what assets were
endangered and the potential of the Bay to improve the quality of life for the citizenry. Effective communicat
scientific information to all stakeholders and decision malkeeseased confidence in the information presented
them.

! Moreton Bay Catchments, Report Card:
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2. How well does the plan or strategy analysis at a variety of spatial scales, including
incorporate the concepts of landscape some much larger than has been typical. They
ecology? (Landscape Approach) will include recognition of the interplay of

ISAB (2002) argued that an effective landscape pattern and process.
restoration strategy must be spatially explicit
and consider loations where conservation or
restoration will be most effective; types of
conservation and restoration most appropriate
for a given location; and indication of the
expected fish and wildlife response. Further,
the ISAB argued that the foundation for an
effective strategy should follow from an
integratedthree-step process: an inventory of _
conditions across the watershed (or landscape) Efforts and analyses that link the -

an assessment to identify important processes abundance, productity, and diversity of

FyR O2yadNI AyGasz O2yaaRSNPRyGtgngto %Xﬁﬁ“”%"y‘%r%s?ﬁ’ﬁd ALISOASEQ
life cycles to identify dical habitat needs; and habitats; conceptual and analytical models

a strategy for conservation and restoration that that consider the size or extent, spatial

guides priorities and considers future pattern, and connections of habitats
constraints associated with human required for more resilient populations.
development. 9 Prioritization of restoration etions within

this larger context that focus on sources of

Similarly, the ISRP (ISRP 2apargued for a deg_rad_at_ion, crit_ical processes creating and
GY2NB ALISOATAO a8G 27 KI omAfiRining bapials eng Rudomy 1 v Re
clear rationale that the sites selected for existing strengths or anticipated potentials.
restoration are justifiable in terms of correcting _ _ ) o
FILOG2NE GKFG fAYAG TFAakSeveslsigtsilysiralginpayativeagplicaigng ¢ & NI i
this guidance and note that landscape ecology of landscape edogy in restoration planning

that is now a focus of much of the current including the Pacific Northwest Ecosyrst

research in and aund the Basin (e.g., Steel et Research Consortium (PNWERI®),Skagit

al. 2010) can provide an important foundation. River, Snohomish Rivemd Oregon Coastal

Salmon recovery planning is now based onthe ~ C0ho recovery efforts. The PNWER@gbar
landscape, habitaind population conditions IV.3 provides an example of landscape analysis

that are required for viability (McElhany et al. of broadpatterns linked to both ecological and

2000). New analytical tools (e.g., dszet al. socipeconomic values. This project _is a _
2010, Steel et al. 2010, Beechie and Imaki, in particularly good example of analyzing spatial

press) can clarify spatial pattern at many scales, ~ Structure to understand which scenario

and allow visualization of the interacting produces the best re§uI1$t clearly illustrates
influences of local projects, and reveal the the value of a scenaribased approach.fie
placement of projects within larger scale status quo, development, and'conservatlon '
controls of landsape structure and function. scenarios allowed people to discuss alternative

Linked population and habitat models can futures. The report of_this approach (Hulse et al.
directly support the analysis of restoration 2002) has been a national model for scenario

priorities andpopulation responses in a life based planning.
cycle perspective. More effective restoration
strategies incorporating a comprehensive

landscapeapproach will include planning and

What to look for:

1 Development of a broad spal and
temporal context for restoration actions
based on the assessment of existing
conditions, and critical processes and
patterns shaping habitats and populations
across the encompassing landscape.

The Skagit Watershed Council and their
collaborabrs Sidebar 1V.4Appendix X.C)
provide another example of a wholeasin
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approach to assessment of habitat conditions
and prioritization of restoration to address
limiting factors. Through broabdased
collaboration the degradation of habitats and
effectsof higherlevel constraints were
addressed. These efforts have emphasized

actions across the entire basin to support the
full life cycle of Chinook salmon. This effort used
the Population principle as the basic element of
conservation and restoration. The approach is
data intensive, but the modeling framework
could be adapted to the characteristics of any

complete life cycles, recognition of the most well-studied watershed.
limiting habitats, engagement of both research
and management, and have produced a
strategy that prioritizes basiwide restoration
efforts directed toward fundamental causes of
habitat loss. Although the Skagit effort is based
in a strong landscape perspective, stakeholder
engagement has faced difficulties, particularly
related to riparian management on private

property and agriculturabinds.

A final example of Oregon Coastal Coho
recovery itludes a landscape approach and
applies the population and structure principles

in particular (Appendix X.E). In this case,
monitoring and evaluation have focused on
conditions that limit populations, especially
overwintering habitats. Recovery planning
applies metapopulation concepts and has
RAAGAYy3Adzhi aKSR RSLISYRSy
AYRSLISYRSYy(G o0WwWazda2NODSQOU
the persistence of the entire system (Wainright
et al. 2008, see also Appendix IX.D).

oW
In the Snohomish Rivesidebar IV.pAppendix LJ2 LJ
X.D) stakeholders have collaborated in habitat

life-cycle modeling that provides context for

Sidebar 1V.3. Pacific Northwest Ecosgst Research Consortium (PNWERC)
A series of loosely connected activities have dominated the first decade of 21st century efforts to conserve and
restore environmental conditions and maintain economic health in the Willamette Basin:

Willamette Restorationnitiative (vww.oregonwri.orgj,

Pacific Northwest Ecosystem Research Consortiitp:(/oregonstate.edu/dept/pnw-erc/),

Willamette Partnershiphttp://willamettepartnership.org/),

Oregon Watershed Enhancement Boangdvw{v.oweb.state.or.us),

NMFS Upper Willamette River Conservation and Recovery Plan for Chinook Salnstecdmead
(www.nwr.noaa.gov/SalmoiRecoveryPlanning/Recoverpomains/Willamettel owerColumbia/Will/\Wilk
plan.cfn), and

1 Meyer Men2 N |
strategiesannounced
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Fundamental landscape science for the Willamette Basin wasd®ad by an Environmental Protection Agency
(EPA) sponsored Pacific Northwest Ecosystem Research Consortium (PNWERC) and the related Willamette
Alternative Futures projechtp://docs.lcog.org/wvlf/defaudt.ntm). The PNWERC research projactuded
scientists from the University of Oregon, Oregon State University, and University of Washington. The project
d2dzAKG G2 dzyRSNREGFYR GKS .l aiayQa I yR&aOl LIS Kihked 2 NE
alternative Basin futures to 2050. A program to gain input from stakeholders was coupled with the research| A
focus group met monthly for 2 years with project scientists, concentrating on land use changes and associated
socioeconomic and ecologidakues. The research used scenarios for gauging preferred approaches to
O2yaSNBI GA2Yy IYyR NBad2NrdA2y F2NJ G6KS I yRaoOl LIS |
Willamette Valley Livability Forum (WVLF) and the Willamette Restoratitatie (WRI) were two groups of
stakeholders, selected by Governor Kitzhaber to represent a-sedfon of Basin interests, including private
citizens, industry and business, nonprofit organizations, and local, state, federal, and tribal governmket&{Ba
al. 2004).
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Stakeholder input led to the design of three PNWERC future scengylan trend that assumed continuation of
current plans and policies, conservation that used ecological services to prioritize land and water use patter
development, where marketoriented approaches governed land and water use (Hetsd. 2002:8688). Several
variables were used to evaluate each of the landscapes resulting from the three scenarios, run through 205
(Hulse et al. 2002). These included percent cosifjion of vegetation types in lowlands, uplands, and riparian
areas; along with agricultural, forestry, urban, and rural residential land uses. In addition, water quantity, fish
of Biotic Integrity, and other fish, wildlife, and habitat indices wiaduded. Results showed that only the 2050
Conservation Scenario would change the present trajectory of fish and wildlife, improving abundance, prodd
and diversity over the 1990 base year. In general, indicators of natural resource conditio2@B@Wonservation
Scenario recovering 20 to 70% of the losses sustained since the Vﬁﬁinbrlmry (Hulse et al. 2002). Conservation
2050 is achieved largely with higher urban population and-aseldensities and less conversion of farmland an
natural aeas to built land uses. Stakeholders preferred the conservation scenario (Mahmouda et al. 2009).

The PNWERC scientific work resulted in data, analysis, modeling, and riparian evaluations that continue to
Willamette Valley residents (Guey al.2008; Hulse et al. 2009). The PNWERC project has been a catalyst for|
studies of climate change, future water use, water temperature conditions, and decision support research. S
engagement, collaboration, and knowledge have grown from this project.
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Sidebar 1V.4. Skagit River

The Skagit River Basin, covering about 8,000ikmorthwestern Washington State, provides an important
example of broad collaboration and a strong landscape perspective for watershed and habitat restoration
(Appendix X.CYhe Skagit supports all freshwater and estuarine habitats for nine species of salmonids with
multiple life history types and local stocksowever, there has been considerable habitat loss associated with

agricultural land conversion, highway constructemd urbanization in the lower basin and river floodplain areas

In addition, dams and logging have had a significant influence in the upper basin.

The Skagit Watershed Council (SWC), a collaborative organization including private industrial andragricultu
interests, state and federal agencies, local governments, tribes and environmental and-oédsmhgroups, has
worked in the basin forover 15yeatsKS {2/ A& | &[ SIR 9yidAGeé¢ 3dzATRA

SWC includes the SkaRiver System Cooperative (a coalition of tribes, and the Washington Department of Fij

FYR 2AfREAFSVUI GKAOK -XayFR¥Ey i & ABIATRFRINK Sa TR K
assessment have been supported by technical staff associatadhetdifferent groups and coordinated through
the SWC.

A history of research and watershed analysis provides a foundation for restoration actions, with a focus on
complete life cycles and patterns of habitat use and limitatdm important result is éiered restoration strategy
that prioritizes basin wide restoration efforts and targets the fundamental causes of habitat loss, degradatiof
constraint Because the greatest impairments have occurred in the estuary, river delta and river floodplains (
by Chinook salmon (the current target species for federal funding); these are considered the most limiting T
targets for restorationTier 2 targets are nearshore and floodplain rearing habitats used by important individu
populations Tier 3 targes$ are tributary watersheds that are generally less impaired overall, but have localize
problems with elevated erosion or hydrologic conditions that influence incubation survival of Chinook salmo
other species

Socioeconomic engagememmains a ctical challengelLand conversion has been extensive, while developme
and growth continueThe public supports habitat restorations in principle, but hard tradeoffs are resisted,
particularly for agricultural and urban development and riparian consermatio

A landscape approadhat considers the full expression and diversity of life histories and focuses on restorati
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processes that create habitats for those provides a foundation for restoratiethods of assessment and
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prioritization provide a usful template for other such project®rioritization based on limitations for Chinook
salmon should also benefit a diversity of other species

Organizing for integration and collaboratiofihe norgovernmental SWC has provided an important framework
for coordination of diverse interestsThe scientific foundation has been particularly important, with the
engagement of technical specialists and managers, and should provide credibility in the broader forum of ca
and federal land use plannind\ithouch restoration can still be opportunistic, articulation of priorities, focus on
critical processes, and some consensus within the cooperative could increase effectiveness, as well as leve
additional resources for restoration and conservation

Adaptive managemenand monitoring are recognized as critical elements and are addressed through severa
planning and strategic efforts; however, they have not been fully implemented as yet

Sidebar IV.5. Snohomish River

Recovery of an imperiled species begimith identifying a set of actionsdhwill ensure its persistenc@ften,
myriad causes of a species decline make it difficult to choose among potential recovery actions. In the Snoli
River Basin, a 4,780 Knwatershed in northwestern Washington 42-member forum of scientists and
stakeholders developed a quantitative and transparent modeling approach for identifying actions across the
landscape to recover Chinook salmon, which are listed as threatened under the Endangered Species Act (A
X.D) This approach to salmon recovery planning encompasses actions across the entire watershed, includi
subbasins, and throughout the life cycle of Chinook salmon

The Snohomish approach is datéensive, but used a published modeling framework thatld be adapted to
unigue characteristics of each watershed. The approach linked salmon habitat conditions and river process
land-use activities in the watershed; not all lande activities could be linked to salmon habitat quality, so the
model mg have underestimated the overall benefit of habitat restoration activities

The Shiraz modéScheuerell et al. 2008)as used to compare improved and historic habitat conditions. These
scenarios were evaluated for the salmon population attributes afret@ance, productivity, spatial structure, and

life-history diversity The modeling effort provided the planning group with clear choices for strategies to reco
Chinook salmorRobust salmon populations in historical conditions provided evidence thatatgivotection was

needed Sensitivity analyses suggested that restoration to improve juvenile rearing habitat in the estuary ang
lower mainstem reaches would have the best chance of improving population performdasever, the model
findings indicatedhat the test case scenario for habitat restoration would only achieve 50% of the desired ga
Chinook salmon recovery.

Lessons Learnedithough habitat protection was identified as the top priority, the conservation plan did not
establish a detaileé protection strategy, and there is concern that essential habitat is not proteétddhbitat
protection strategy involving land use ordinances is being develofieel basiAwide funding goal was $15 million
per year, but a review indicated $21 millionrpeear is needed during the first 10 yea@nly 34% of the habitat
projects have been funded, some of which are lower priority projects that were identified by stakeholders. T
funding shortfall makes it particularly critical that actions be prioritiaead implemented, but authority to
implement habitat projects has been constrained by local governmeértative approaches, such as land trade
are being considered as a means to protect or restore important habitats, while also preserving agridhkure
county describes linkages between plan strategies, benchmarks, and implementation progress in oreler to re
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evaluate priority actions, and the overall process is reviewed by an external panel

58



3. How well does the plan or strategy develop government, philanthropic, academic, and

organizations that support collaboration, public interests (Gunderson and Holling 2002,
integration, and effective governance and Goetz et al. @04, McKinneyt al.2010), as well
leadership? (Develop Integration and as understanding and respecting the points of
Collaboration) view of others. Informative case studies and

Develdd LYGSAINI GA2Yy YR [ 2
G{20A2S8S02y2YAa@reltgdd  ASYS
I NAGSNRAF® a{20A280&e 2YA
about working with the public to develop
awareness of the dimensions of a landscape
approach, to resolve differences in values, and

to formulate an approach that supports the

goals of people and communities. Integration

and Collaboration emphasize&elationships

among the individuals, disciplines, institutions,

and organizations that create and communicate
visions, build trust, develop partnerships,

develop and share knowledge and conceptual
models, secure resources, and develop or
implement planf action. In creating

institutions and organizations, it is too often
assumed that only specific ecological science )
(e.g., fisheries or wildlife biology) is needed and among resource uses and Conﬂ'Cts'

that people, if they understood the science, Organizations that work to build trust and
G2dA R | OG0 W LILINE LW6R | § §¢ & Parsrshipsgeduegigeleyant sgencgs,
science. For a landscape approach, all relevant between science and management, and
science disciplines, and management, and the between science, management, and the

public must engage, collaborate, and find a public. _ _ _
mechanism for effective governance. Organizations with the technical capacity
and resources to implement the vision in

the form of wellintegrated landscape
projects and actions.

bR A D oot

web site devoted to
sharing the stories, lessons, knowledge, and
tools of Americans engaged in cooperative
conservation.). The Global Water Partnership
Toolbox(www.gwptoolbox.org)ists additional
case studies.

=D

What to look for:

Collaborations that have a sustaining
structure, a clear vision, and the leadership
and organization to carry out the vision.
Collaborations should covéarge areas,
diverse ecologies, and varied interests that
will allow the exploration of tradeffs

Conservation and restoration strategies and
actions are often developed inokated

disciplinary, governmental, or social groups. T Governance that is inclusive, democratic,
Scientists and managers from different flexible, and based on ietdisciplinary
disciplines frequently fail to communicate scientific, technlcal,_and local knowl'edge
effectively or work effectively with each other and that uses what is learned to refine
and the public; public or planning meetings are practices and policies for future actions.
held; plans are revealetiut not necessarily 1 A process that adds new interdisciplinary
debated, reviewed or revised; and parties talk scientific knowledge and incorporates it
past one another. Integration of disciplines in with agency and public perspeets to
science and management requires extensive build trust and develop practices and
interaction, dialogue, and development of a policies that can implement landscape
commonly understood language, with the goal perspectives.

of undersanding the views of others and
seeking workable solutions. Sustained
collaborative efforts require working across
disciplinary, responsibility, community, 1% http://cbuilding.org/

" \www.cooperativeconservationamerica.org
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Examples of organization for integration and
collaboration include the Willamette Valley, the
Skagit Watershed Council, Upper Columbia
Salmon Recovery Boarfraser River Estuary
Management Program, and Moreton Bay (South
East Queensland Healthy Waterways
Partnership). Th&akima Basin Aquatic Science
and Management Conference also provides an
example of effective communication to support
integration.

The Wilamette Basin and the State of Oregon
(Sidebar IV.1) have a much less centrally
controlled collaboration and governance
process than the others mentioned abovine
process is much less structured and more locally
connected. Several independent planning
efforts work together to affect the Willamette
landscape. The Upper Willamette River
Conservation and Recovery Plan for Chinook
Salmon and Steelhead released in 2011 is a
collaborative effort between NOAA Fisheries
and the State of Oregon. The Recovery Ban
implemented through the Oregon Plan for
Salmon and Watersheds, especially the
watershed councils created under the OPSW. A
second major component is funding fraime
Bonneville Power Administratiathrough the
Oregon Department of Fish and Wildlife. &b
has a contract through 2025 to secure habitat
important to salmon and wildlife. A third
component is the Oregon langse planning
process in which land use decisions must take
into account natural resource issues.

The Skagit (Sidebar 1V.4) and the Eipp
Columbia Salmon Recovery Board (UCSRB,
Sidebar IV.6Appendix X.F) have more
institutional power than is the case in the
Willamette, where laneplanning is desiged to
protect natural resource@hough city and
countylevel decisions may favor developnie
over protection of natural resources). The
Skagit has developed integrated collaboration
and governance through the local watershed
council working with a broad array of partners.
By contrast the UCSRB coordinates five
watersheds and the associated Wegbed
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Action Teams in a regional organization. Where
the Skagit projects are informed by the recovery
plan, the UCSRB is tied jointly to the Council and
NOAA Fisheries efforts in the Upper Columbia.

The Fraser River Estuary Management Program
(FREMPSicebar IV.7 Appendix X.G) is an inter
governmental agency that brings together
federal, provincial, municipal, and pert
associated governmental agencies. The FREMP
coordinates wetland habitat mitigation and
restoration. It maintains an online database
opento all, thereby allowing people to identify
areas open for development and areas
protected for restoration, along with the rules

for development and restoration.

The Moreton Bay (Sidebar IV.2) strategy is
broader in scope than the FREMP, including
catchrment as well as estuarine plans and
FOGA2Yyad ¢KS 3IS23INI LKA
catchments, 18 estuaries, and nine zones within
a2NBi2y . I & d¢ a2NBiz2y
of over 70 government, industry, research, and
community stakeholders collaboratirig

develop a wholeof-government, wholeof-
community approach to understanding and
YEylF3Ay3a GKS NBEIA2yUaA

An ongoing example of effective
communication to support collaboration across
agencies, science, and management is the
Yakima Basin AquatScience and Management
Conferencewww.ykfp.org/par.htm). It began

in 2003 and has grown into an annual program
review exercise. It is well focused while at the
same time involves a wide spectrum of
stakeholdes. An especially positive
development in the 2011 conference was that
presentations on fish ecology studies and
hatchery efforts were integrated with
presentations on habitat restoration.

In all of these examples, there were leaders
who promoted the vi®n, worked to build the
trust and partnerships, and assembled
resources. These were Oregon governors, tribal
leaders, the Brisbane mayor and business
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leaders, the executive directors and board governance does not occur without someone

members of the watershed council and taking the initiative to initiate partnerships,
recovery board. The orgaation principle to invite diverse interests to participate, and
create collaboration, integration, and effective design governance structures.

SidebarlV.6. Upper Columbia Salmon Recovery Board (UCSRB)

In 1999, Salmon Recovery Boards in Washington emerged to deal with endangered species listings of saln
steelhead stocks (Washington Recreation and Conservation Office 2010). Early efforts toecangemstore
salmon populations led to contentious exchanges between locals and particularly federal offei@sery boards
were designed to bridge the gap between managers and local groups to allocate recovery resources most
effectively, accommodatip both conservation and local economic needs. The UCSRB is one of the eight res
boards and is comprised of representatives from Chelan, Douglas, and Okanogan counties, the Colville
Confederated Tribes, and the Yakama Nation in the noethtral partof Washington State (Appendix X.F).

The strength of the UCSRB is in governance that brings together county and tribal governments, citizens, a
special interests in a collaborative process. The Implementation Team is made up of Regional Technical Te
representatives (RTT); interested stakeholders; agency, tribal, and county representatives; and a Watershe
Team (WAT) representative. WATS are citizen groups that are interested in conservation and restoration in
the five watershed areas cered by the UCSRB. Members of each WAT are also opinion leaders in the wate
An Implementation Team is responsible for habitat projects and programs in the region, monitoring the statu
actions, assessing trends in outcomes, and reporting resthis.Implementation Team will assist the monitoring
program, host and maintaiaRecovery Plan web site, and sponsor workshops the public can attend.

Implementation of the plan has just begun and data on achieving the goals are yet to be consistently measu

The biggest achievement has been the governance and collaboration stubttrbrings local entities together.
Government, tribal, science, agricultural, fishing, and local participants in the UCSRB have come to better
understand one another. The process has shifted from one of conflict and lack of participation to greater loc
engagement and better understanding of issues and actions. The UCSRB plan provides a vision for working
together to delist salmon and improve environmental conditions, while also considering economic factors

Navigating through the myriad organizateand regulations that play a role in salmon recovery (e.g., NMFS
recovery planning, technical recovery teams, tribal restoration planning, Council subbasin planAingatEP
quality TMDLs, U.&ish and Wildlife interests, county governments, and ladalbcacy groups) to get projects
that achieve outcomes is a continuing challenge.
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Sidebar IV.7. The Fraser River Estuary Management Program (FREMP)

Located in southwestern British Columbia, the Fraser River is 1,375 km long, without mainstem dassnanaf
the largest salmon producers in the world (Appendix X.G). All five species of salmon, as well as steelhead &
cutthroat trout, are found in the watershed. The estuary is a critical habitat for these species, as well as for
shorebirds and migratgrwaterfowl of international significance.

The estuary is defined as the lower 42 km of the river, including about 16 km of salt wedge, and 26 km of
freshwater tidallyinfluenced habitats. Wetland habitat is known to be important to juvenile salmonids, bu
limiting factors are not well understood. The inner estuary is extensivkgddind channelized. Between-80%
of the original wetlands have been converted to other uses, but intact extensive sand banks and eelgrass b
found in the lower estuaryOpportunities for wetland restoration in the inner estuary are limited because of ur|
YR AYRdAZAGNAIf RSGSt2LIVSyids yR daNDBFYyATFdA2Yy Aa
largest in western Canada. The estuary is also impoftarbcal water transport, especially of logs and wood
products.
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Established in 1985, FREMP is an wgt@rernmental group that coordinates wetland habitat mitigation and
restoration, as well as other activities relating to sustainability. There apasiRersc three Federal agencies
(Environment, Fisheries and Oceans, Transport), one Provincial agency (Environment), Metro Vancouver (13 cities
or municipalities), and Port Metro Vancouver. FREMP exists solely as a coordination and facilitationtang&niza
the six partners hold the decisiemaking power in their legislative mandates. An overall estuary management
plan, developed with input from the partners, the general public, and the five First Nations in the area, provigdes

guidanceCw9 at GDINROFREX¥ SH2N] (2 LINRPGSOG FYR AYLINROS| SYOdANER
development opportunities and to sustain the quality of life in and around the Fraser River Bstuary

Socioeconomic engagemetithe direct involvement of partners not foas on conservation has required FREMP
to take a broad perspective. There are six action programs in addition to fish and wildlife habitat:
Integration/Sustainability, Water and Sediment Quality, Dredging and Navigation, Log Management, Industrial and
UrbanDevelopment, and Recreation. Some conservation groups have been frustrated by the process because
Cw9at Aa y20 Fy al OGA 2 Piredt éhGagetent is tBroubhithe Rair@nagehdey. FRENIP S NJ
mapping, reach overviews, the overall estualgrpand other projects are also open to public participation.

Landscape approactFREMP provides an important landscape perspective, based on one of the earliest estharine
habitat classification systems in the regidinis based on inventories of habitaand vegetation and includes
detailed GIS mapping of vegetation units. The possiblerdphasis of notvegetated areas may be problematic,
as the functions of this habitat are poorly understoathfortunately, FREMP area designations and municipal
zoningand Official Community Plan designations are not always complementary.

Organizing for collaboration and integratiel€ w9 at Q& O préedtRekigivpio@$s and registry are strong
points. Available on line, a central database is open to the pahticenables developers and conservation
agencies to determine whether an estuarine area is classified for possible industrial use that is subject to
compensation or mitigation. The partners collectively review proposals before a federal, provincial, ioipalun
authority makes a decision that would allow a project to procéeelstoration may be funded through habitat
compensation ratios applied to developers, under the Federal Government habitat policy, as well as through other
fish and wildlife enhancememrograms.

Adaptive management¢ KS Saddzr NB YIylF3SYSyd LIy 6Fa gNRGGS
WAGBSNEOD KIFa y2i OKIy3ISRd wSI OK 2@8SNWASéaz Yzaid N
estuary, are a mechanisfar updating information While a modest net gain in fish and wildlife habitat has been
made, it is not clear if all ecological functions have recovered, because success in meeting stated goals has not
been documented. A recent biodiversity forum for theea concluded that adaptive management was not fully
implemented. Participants recommended building organizational capacity and developing champions within
organizations to assist with the task.
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4. How well does the plan or strategy promote adaptation, while the large scales involved
adaptive capacity based on active learning make traditional experimentation difficult.
through assessment, monitoring, innovation, Prgects and programs must be based on
experimentation, and modeling? Is it scientific, technical, and local knowledge that
combined with a clear process to share new can never be fully replicated, complete, or
information and revise objectives, strategies, adequate from the traditional scientific

and actions in response to that information? perspectives; learning is a goal; comprehensive
(Fosker Adaptation; Use Adaptive monitoring provides insight; modelingelps to
Management) understand the dynamics and critical

uncertainties; and innovation and diffusion of
new knowledge strengthens the work of all
involved.

Conservation and restoration of landscapes
require active learning. Uncertainty and
continuing change require innovation and
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What to look for:

T

Assessments with statistically robust
measurements of higlevel indicators that
assess spfic project outcomes; an
evaluative approach that includes
deliberation and provides guidance for goal
setting and future projects.

Use of multiobjective, multilevel

indicators, and efforts to weigh their
importance that are integrative and include
socioeconomic evaluations.

An active, experiential learning element to
help people gain knowledge about
landscape structure and processes, and
inclusion of procedures for the diffusion of
innovation to a broad set of actors.
Attention to an integration of #orts across
scale; project, watershed, and regional
strategies with common approaches to
evaluation and a network of
communication; efforts to synthesize
results across temporal and spatial scales.
A process that directly integrates new
information intorevised and improved
goals, strategies, and actions.

Recognition that landscapes are dynamic,
have changing ecological and
socioeconomic conditions, and face
considerable uncertainty, so that society
continually faces novel situations and
surprises. Adagations to these situations
should be communicated using processes
and strategies that enhance the adoption of
what is learned.

Development of adaptive capacity that
shows attention to broader landscape
processes; integrates socioeconomic and
ecological otcomes; includes measures of
such things as public trust, knowledge of
scientific principles, and identification of
individuals or groups that are potentially
affected, beneficially or negatively, by plans
and actions.

We found few examples of adaptive
management that showed many of these
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characteristics. Most examples are deficient in
experiments, education, function, and diffusion.

Experiments, particularly ones that are
designed to understand changes in social
ecological systems, are difficult to dolatge

scales and often are unacceptable to the public.

Education could easily become part of the

process. Oregon watershed councils use their

projects for educational purposes, but much
more could be done to use assessment,
monitoring, and modeling, creigitg scenarios,
and capturing the results of what is being
learned.

Oregon coastal coho salmon management
provides an example (Appendix X.E) of a
monitoring program for both fish and habitat

that encompasses the entire freshwater portion

of the ESU. The=covery effort has welllefined

habitat and population criteria for recovery, and

it has a mechanism for evaluating progress
toward these goal$? In a 2010 status review

the Biological Review Team (BRT) determined
gl a t@aaAatt
substantial increases in abundance. Monitoring

GKFG GKS 9{|
showed limited improvements in habitat,
supporting the conclusion that the upswing
largely reflected cyclic ocean conditions. By
taking a larger perspective, and integrating
monitoring and restorationthe BRT showed

that habitat restoration must be more effective

to sustain coho during future downturns in
ocean conditions.

Buhle et al. (2009) provide another example of

a strong monitoring program that linked large
scale reductions in hatchery stockingrd the
Oregon Coast to improved survival of coho
smolts. Whether that information can be

effectively implemented in a broader landscape
approach that integrates hatchery and habitat

management remains an open question, but
monitoring like this can idengfeffective
practices that can be diffused to similar
situations.

12 www.nwr.noaa.gov/ESSalmonListings/Salmon
Populations/AlsedRespmse/OCEESA.cfm
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Summary organizational structures. Collaboration is

NEBFf SOGSR Ay dntagageniélE G A 95 ¢
Where does practice stand on the four Criteria? ~ Partnering, structured decision making,

Implementation of comprehensive landscape community forestry, learning communities, and
ecology is supported by rapidly advancing team building. Progress with socioeconomic
technology and efforts to define and implement ~ €ngagement and adaptive managentésiess
priorities through new and innovative analyses. ~ €vident, but there are some examples. The four
Application of comprehensive landscape Criteria and the examples outlined above
ecology has occurred most often where provide a framework for progress. In the next
research and management have collaborated section we consider some of the primary

well. Integrated collaboration and governance, challenges that must be addressed for

too, has advanced with a variety of differte continued progress in the Columtiasin.
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V. Implementing a Comprehensive Landscape Approach

Applying the four Criteria to guide landscape
restoration requires using insights from the
physical, biological, and socioeconomic
sciences. Engaging the community, setting the
vision, organizing to promote action, and linking
science and management areetfiocus of
implementation strategies. All of these have
involved significant challenges, and all of these
require significant engagement of all affected
parties, including the public. Although many
planners, the Council Fish and Wildlife Program,
Tribal vsion documents, and NOAA recovery
documents have embraced many of the ideas
discussed in this report, implementation overall
has lagged, and coordination is far from
complete.

Success requires resolving both technical and
social issues, which include arsistent or
conflicting conceptual models (Lichatowich and
Williams 2009, Reeves and Duncan 2009);
conflicting or incomplete information (Gross
2010, McKinneyteal. 2010, Steel et al. 2010);
poor agency or public commitment (Cone 1995,
Ridlington ad Core 1996, Smith et al. 1998);
and limited public engagement (McKinnelyal.
2010, Reid et al. 2010); competing preferences,
values, or understanding of the larger vision
(Smith et al. 1997, Catholic Bishops 2001, Bisson
et al. 2009); a lack of scienroganagment

public integration; and missions that conflict
among, or even within, agencies (Bisson et al.
2003, Samson and Knopf 2001, ISAB 2003
Rieman et al. 2010). As a result, planning and
regulatory mechanisms are often limited to
individual projects ofocal habitats (Baron et al.
2002, Fausch et al. 2002, ISAB 200Rieman

et al. 2003, Flitcroft et al. 2009, Beechie et al.
2010, Rieman et al. 2010, Schultz 2010). Despite
an emphasis on broader planning, restoration
activities tend to be narrowly fomed and even
lack coordination between adjacent
landowners. Actions most often are
opportunistic rather than integrated and
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strategic (Habron 1999, Gibson 2003, Flitcroft et
al. 2009).

Within the Columbia Basin and the Pacific
Northwest several authorsave summarized
critical issues that have limited broader efforts
for conservation and restoration. Lackey et al.
(2006) identify socioeconomic challenges that
underlie life style choices and priorities,
including the drive for economic efficiency;
increasng scarcity and competition for natural
resources, especially water; and rapidly
increasing numbers of people. McKinney et al.
(2010) suggest that many managers lack broad
scale information and analytical capacity, policy
tools and capacity to coordinaterdiad

interests, and a funding structure that facilitates
the proces. Lichatowich and Williams (280
argue that the conceptual foundations of those
involved in largescale restoration are
inconsistent or even at odds, that current
institutional structuresare incapable of
supporting integration, and that political
interference limits the implementation of the
best science.

Upon review, we find several important
challenges that we believe inhibit the
effectiveness of largecale habitat conservation
and restoration in the Columbia Basin. To
implement a comprehensive landscape
approach, it is necessary:to

1 Broaden engagement and build support for
a landscape approach.

1 Reuvisit, rebalance, and coordinate the vision
for restoration.

1 Organize to work acrosobndaries for
coordinated action.

9 Link science and management more
effectively.

We explore each of these challenges and
provide some thoughts and examples of how
they might be better met in the future.



Adaptive management is also critical to
effective impgementation. Given its central role
and its ability to move forward the other areas
that this report identifies as essential for
successful restoration of the Basin, we consider
challenges with adaptive capacity and adaptive
management in the next sectiqivI)

1. Broaden engagement and build
support for a landscape approach.

One of the most important tasks for achieving
successful implementation of larggeale
conservation and restoration is refining and
communicating a clear vision for the future. To
build a vision increased effort is needed to
engage, inform, and gain theust of the public.
We have discussed the need for effective
socioeconomic engagement throughout this
report. The Columbia Basin is socially,
politically, economically, and ecologically
complex. It is populated by people with diverse
social and cultural b&grounds. Most of the
population that benefits from the Columbia
River hydrosystem, for example, live in urban
areas west of the Cascad/lountains, while
most of the Bisin impacted by the hydrosystem
and where considerable habitat restoration is
needed, igo the east. Urban and rural, and
cultural, social, and political histories lead to
differences in values, intentions, and the
conservation and restoration actions people will
support.

Recent concern about the gap between the
science of restoration ecoyly and the practice

of large scale restoration action engaging real
human communities underscores a challenge
that is also widespread in native species
conservation (Arlettaz et al. 2010, Cabin et al.
2010, Reeve et al. 2006) and river and
watershed managment (Rogers 2006, Williams
2011). Science and management, in one form or
another, must energize the public. The public is
often brought into discussions too late or in a
way that limits their input. People are more
likely to support actions they have bee

66

involved in crafting. When people are involved
early, they learn about the issues and the
science and technology required to address
them. In research and monitoring, the public is
usually engaged only in the discussion of
results. The public often haséwledge and
guestions that could inform and adjust research
design and monitoring. Managers usually come
to the public after internal discussion and
planning, when options are more or less
resolved (Johnson et al. 1999, McGinnis et al.
1999, Leach and Raly 2001). Conscious efforts
to address public skepticism early can help
avoid costly delays (ICBEMP, Bdick et al.

2001, Ramsey 2009) and lack of support to
implement a vision.

Gaining a shared vision and public support for
actions takes time and carate difficult

periods, but progress can be made. Most
people want to conserve the place where they
live, and many depend on it for their
livelihoods. Differences in values can be
resolved and common ground sought with
better socioeconomic understanding and
engagement. Getting public support requires
improved socioeconomic understanding and
engagement and better techniques for
communicating science to thgublic (Bessey
1943, ICBEMP nétlitcroft et al. 2009,
McKinneyet al.2010, Schlesinger 2010, USEW
nd). The ISAB recognizes that tribal, state, and
federal sovereigns are the final policy decision
makers. Actions, however, require the
willingness of people who own, work on, live in,
and have an interest in the landscapes being
conserved and restored.

Often the best way of gaining sustained support
for directed action is with stories. People
identify with narratives, especially when they
have an engaging character@aympelling
message (CRITFC 20Hbuse 1999, Waterson
2010).Linking personal webleing wth the
integrity of watersheds and landscapes is
important. The more people share a vision for
the future and understand how their actions
can contribute to that vision, the more likely



that knowledge will help guide actions. If
people do not see benefiter themselves, their
communities, and places important to them,
they are not likely to support plans and actions.
One approach has been to articulate how large
scale restoration can lead to benefits from
ecological goods and services (Costanza et al.
1997, NAS 2005, deGroot et al. 2010, Jones et
al. 2010). These include such benefits as clean
water and air, the natural production of fishes
and other organisms that people use,
productive soils, and pollination of crops. Many
such goods and services haveehajuantified in
monetary terms, but these lack visceral and
readily understandable connections to personal
well-being. Better efforts are needed to
improve understanding of the ecological
benefits that matter most to people. Benefits
that translate to pesonal health, education,
overall wellbeing, and to jobs, salaries, healthy
environments, clean water, and safety nets
when disasters strike are more compelling.
Benefits also may include payments for
conservation and restoration through federal
farm and @ergy programs, state incentives,
federal and state tax deductions and credits,
and land trusts. Finally, the aesthetic quality of
landscapes has value to many. Look at the
pictures used to describe places; most use a
beautiful landscape scene. And listien

ranchers and growers talk about their lands,
particularly those that were homesteaded or
settled by family.

Comprehensive landscape ecology includes
articulation of how the patterns of land types,
covers, and uses can help to achieve what
matters topeople. Perhaps by following threads
like these to ask what benefits follow from
better landscape management one can identify
benefits that become parts of the fabric of the
regional culture. A comprehensive landscape
approach provides an opportunity foeheficial
uses of the land and water that maintain values
and weltbeing that are important to people.
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2. Revisit, rebalance, and coordinate
the vision for restoration, in particular
the vision forrestoring abundance,
diversity, and resilience.

Ecologtal foundations and the critical notion of
resilience, with foundations in diversity, and
restoration of process, have been embraced in
the Fish and Wildlife Program and have
provided much of the guidance leading to its
current vision [SG 2000Lichatowit and
Williams 2009). However, there are unresolved
tensions within the Program vision and goals
and, similarly, there are unresolved tensions
between the visions of the major organizers of
NBald2Nlr GAz2zy 2F GKS
Fish and Wildlég Program, Tribal restoration
plans, and plans for recovery from NOAA and
other agencies (as well as with the views and
beliefs of various citizens and other groups).

lf 0 K2dAK (§KS hadasohd Qa
abundant, productive, diverse, and self
sustaining fish and wildlife, most current actions
to restore the Basin focus largely on abundance;
abundance also is the overwhelming emphasis
of monitoring and evaluation programs. Based
on our review, the ISAB emphasizes that
diversity is not given suéfient attention in
strategies, actions, or evaluation of outcomes.
Diversity is an essential foundation of resilience,
and there is an ultimate tradeff between
diversity and the longerm abundance of a
particular genotype, population, or species.
Diversity results from having many different
genotypes, life histories, populations, and
species. Consequently, more diversity goals,
actions, and evaluations are needed to provide
critical balance to actions that promote
abundance as a means of recovery of@ps or
harvest opportunities.

Hatcheries are one area in which a balance of
actions to restore abundance versus actions to
maintain diversity must be of high concern.
Hatcheries have been a source of controversy in
the Basin for decades, and hatcherieday are
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sufficiently many and large to be landscape
features. Given their number and sizes, and the
fact that the anadromous salmonids that are
produced by most Basin hatcheries range from
their spawning areas to the ocean, often using
habitat over hundeds of river miles, they also
have landscapéevel impacts. The ISAB
concludes that there has not been adequate
attention to either the factors that are essential
tothelongi SNY NBaAfASyOS 27
communities or to the landscapscale effects

of hatchery programs. Integration of hatchery
production with habitat restoration is an
essential part of realizing the Fish and Wildlife
Program vision of simultaneously restoring
abundancediversity,andresilienceof salmon

and other species. The need tetker

emphasize diversity and resilience, along with
abundance, was recognized in the 2009 artificial
production strategies (NPCC 2009:18), but

the challenge of doing so remains.

Salmon abundance and diversity have declined
substantially in the Colunid River Basin in the
past 150 yearsSidebar V.1Section Il; Chapman
1986). Hatchery augmentation of salmon to
increase abundance for harvest began in the
1870s. Through the combined effects of
subsequent hatchery expansioRigure V.2and
habitat lossa diverse landscape of salmon
production has been replaced by a much more
sitngiified ond-. Kistoyic@lmcreasing
production from this simplified landscape has
relied upon production of hatchery salmonids,
rather than wild salmon that depend on
diversityof habitats in a complex landscape.
Large production programs initially created an
expectation that hatchery production
technology could return salmon to abundant
levels for harvest, irrggective of habitat
conditions. @arly this has not occurred (Figur
V.2). Nevertheless, many continue to think that
hatcheries are an effective mitigation solution,
which is reinforced by dramatic increases in
returns and harvest opportunities since 1999.

Sidebar V.1 Salmon Abundance in the Columbia River

AtoyS GAYS G201t [/ 2f dzYoAl

between 1016 million naturallyd LJr 6 Yy Ay 3 FAAK NBGdzZNYy Ay 3 0R1). Histoic ranisides y

provided context for currentgoats bt / / mdy c 0
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average of 5 million annually by 2025 in a manner that emphasizes the populations that originate above Bonneville

Dam and suppos tribal and nortribal harvestX ¢ 6 b t £09:11HAwveragpe total adult return of all salmon and
steelhead from 1938 to 2010 has declined to about 7% of estimated historic levels (NPCC 1986) and many
salmon originate from hatcheries rather thaatural spawnersvfww.cbfwa.org ISAB 201-1). Runs above
impassable Chief Joseph, Hells Canyon, and the major Willamette flood control dams have bédintgih past
abundance is not necessarily an appropriate goal for the future, comparison of historical run size®weth
recent ones provides some context of losses across the landscapes of theBsesieral fold increase in numbers

of these

since the lows of 1997 and 1999 have been attributed to large hatchery returns as well as more suitable conditions

in migratory and ocan environmentgFigure V.1.)
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FigureV.1. Numbersof salmon and steelhead above and below Bonneiiben, 19762010 Data sourceDave
Ward, Columbia Basin Fish and Wildlife Authoryatus of Fish and Wildlife Resources in the Columbia River
Basin The current Council Goal is total returns averaging 5 millionHistorical returns are estimated to have
ranged from D-16 million fish The proportion of adults originating from natural spawners versus hatchery
releases has not been estimated for all stocks in the Columbia Basin.
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FigureV.2. Trends in commercidlarvest (hatchery and natural) and hatchery releases of Chinook

salmon in the Columbia River Bagdilatchery release values pushed forward three years. Data soL
Mahnken et al. 1998, WDFW/ODFW 1999, PFMC 2011, FPC 2010.
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The expansion diatchery production has come
under increasing scrutiny for its potential
impacts on naturalhspawned fish (NRC 1996
ISG 2000Araki et al. 2008, RIST 2009b, Bottom
et al. 2010, Chilcote et al. 2011, Ward 2011),
and cautionary guidelines have been offered
(HSRG 2010, NOAA Fisheries 20ite

/| 2dzy OAf Qa4 CAaK | yR
09:18) says artificial production can be used to:
amM0 O2YLX SYSy(d KFEoAdGL
supplementing native fish populations up to the
sustainable carrying capacity thie habitat with
fish that are as similar as possible, in genetics
and behavior, to wild native fish; or 2) in a
segregated manner to maintain the genetic
integrity of the local populations in order to
expand natural production while supporting
harvest ofartificially produced stocks; or 3) to
replace lost salmon and steelhead in blocked

I NBFadveg ¢KS L{wt dzaSa
their evaluation of proposed new programs.
Recently, NOAA proposed a further shift in
artificial production philosophy thawould
substantially reduce numbers of fish released
from Mitchell Act hatchery programs, but this
proposal has received strenuous objections

from many parties (Clearing Up 2010:13).

Supplementation of natural stocks with
genetically similar hatcherysh attempts to

meet the goals of abundance for harvest while
protecting and rebuilding diversity and
productivity of naturally spawning populations.
At present, there are few if any data to
demonstrate that this can work in the long term
(Ward 2011). A mjar flaw in improvement of
understanding is the lack of clear information
on what has been, or is being, lost, because
there is little information on, and little
monitoring of, diversity of naturally spawning
populations (e.g. RIST 2009, Ward 2011).
Additionally, the effects of supplementing one
species on the population dynamics of other
native species have received little attention in
the Columbia River Basin. Based on general
ecological understanding of the relationships of
abundance, habitat complexitgjversity (of
genes, populations, and species), and resilience,
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the ISAB thinks that it is time to balance actions
to promote and evaluations to assess
abundance of salmonids with actions to
promote and evaluations to assess diversity and
resilience

The future diversity of fish and wildlife depends

across large areas and the maintenance of a
troad By GihatBay viariation af both habitats
and populations (Burnett al.2007, Crozier et
al. 2008, McClure «il. 2008, Schindler et al.
2010). Hatchery programs can change the
growth, survival, reproduction, and |Hgistory
traits (e.g., age/size of smolting) of both
hatchery and naturalhgpawned fish (Buhle et
al. 2009, RIST 2009b, Berntson 2011). Current
science dictates that we should proceed with
caution when promotingbundanceand should

i coRpleSrenCiiiiappBobich With kciive &fibridJi
to maintain and restore diversity through
natural processes. Recent research indicates
that supplemented populations may expence
significant intraspecific competition (a negative
densitydependent effectiSRR2011-14). This
suggests that habitat quality and quantity, and
the existing food web, are not always sufficient
to support supplemented fish populations, even
though curent fish densities are likely much
lower than they were historically. This is not
just a theoretical issue. A recent collapse of the
Sacramento River fall Chinook salmon stocks
has been attributed to changing ocean
conditions and the loss of genetic aadological
diversity in response to habitat loss and
consolidation in hatchery production (Lindley et
al. 2009).

To address these issues, the ISAB recommends
that the Council develop goals for diversity,
based in measures that can be monitored as
High Leel Indicators along with the abundance
and inriver survival. Progress in evaluation of
large-scale patterns in genetic (e.g., Matala et
al. 2011, Hess and Narum 2011), phenotypic
(Miller et al. 2010, 2011), and functional (Moore
et al. 2010) diversity @port such an approach.
The ISAB also concludes that it is essential to

2 A £ RénxdnServationrid Nebtofatian ofthdbitats 1 1 1 ¢
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make a concerted effort to develop a balanced
vision and goals that consider abundance,
diversity, and the processes that maintain
resilience of salmon (and other) populations for
the long term.

3. Organize to work across boundaries
for coordinated action.

Implementing a comprehensive landscape
approach requires that conservation and
restoration work across a large number and
diversity of social and economic boundaries
(Table V.I)FANJ SEF YLX S GKS / 2
responsibility for the L& portion of the

Columbia River Basin encompasses boundaries
of two countries, seven states, 15 tribes, 11
ecological provinces, 62 Counddsignated
subbasins, more than 100 counties, many more
towns andcities, and other entities

representing patterns of ownership,
management, or regulatory jurisdiction (e.g.,
Forest Service Regions, Forests, Districts), as
well as a great variety of habitats and
ecosystems. The responsibilities for
management of naturalesources (including
forests, water, fishand wildlife), conservation

of threatened and endangered species, and
regulation of land use (including setbacks,
zoning, and development) are scattered across
many agencies and jurisdictions that have
different missions, goals, authorities, scientific
capacities, and conceptual foundations (Samson
and Knopf 2001, Rieman et al. 2003, Reeves and
Duncan 2009).

There has been progress in the representation,
collaborative planning, and engagement of
broad authority n the Columbia Basifthe

tribal sovereigns have been well integrated into
the visioning and organizing processes and
provide a model for engagemerBut
implementation of a landscape perspective also
requires integration with cities and counties,
which appear less well represented in these
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processes. City, county, and tribal political units
have major responsibility for milkvel landuse
decisions, (Table V.1; Smith 2002) jurisdiction
over landuse planning, road design and
maintenance, and development protection of
sites such as riparian zones that are critical to
salmon and other fish and wildlife habitats. The
public often has greater trust in local than in
higher levels of government (Steel et al. 2003),
and extension and other courdgvel outreach
programs exist in most Columbia Basin
counties. Involvement of private property
owners in the planning process that counties
ﬁ;i\eéa}\lyfleﬁdécan be important as well. Private
ands, overseen by cities and counties, are
critical to landscape diversity andrmnectivity
characteristics (e.g., OPSW 1998, Dale et al.
2000, and see section IIl), but often these are
not engaged in largscale planning. Rural
counties may have limited funds for lainge
planning and use of development codes, and
not all states reqire county landuse planning.
Engaging cities and counties that make
decisions to help conserve habitats and foster
development that is compatible with
comprehensive landscape ecology, and with
both socioeconomic and environmertal
ecological goals, couldge the much more
expensive costs of restoration

Even where private lands are not predominant,
planning for conservation and restoration that
works across ecological, jurisdictional, or value
dependent boundaries remains a challenge. At
best, poorly coorthated restoration is

piecemeal and opportunistic, inefficient, and
often too limited to be effective. At worst it can
be ecologically costly, creating situations where
conflicting actions negate the intended benefits
of projects. By working across traditial
boundaries, managers might create important
synergies, leverage limited resources, or at least
avoid unnecessary conflict (Rieman et al. 2010).



TableV.1. Human, ecological, and politicadales for a landscape perspect{aiter Holling 1986).
Categories are general patterns, designed to illustrate parallels. Numbers in parentheses are Council

identified divisions.

Human Ecological (salmon)

Political

individual stream, stream reach

family, household stream, stream reach

band, association, subwatershed, streaniver,

neighborhood deme, local population

tribe, community, watershed, small river basin,
corporation population

state, province subbasin, river basin, major

population group, distinct
population segmats,

evolutionarily significant units

individual rights and private property
rights

tax lot, residence

unincorporated community, interest
group, water district

city, county, tribal government;
watershed organization, soil and wal
conservation district

multi-county, state, province
governance, tribal associations (4/1)

multi-state

region ecoregion, major river basin,
lineages, races, types, sgpecies,
species

nation, regional bioregion, species, genera

council

nation state, national interest group

regional conventions continent, species groups, generémulti-national organizations and

and treaty families
organizations

treaties

While states, cities, counties, and other entities
are importantpartners for planning, watershed
and regional organizations are needed to
produce action at the appropriate scales.
Watershed councils, salmon recovery boards,
soil and water conservation districts, and some
non-governmental organizations may have the
ability to engage the broad range of actors
needed to implemat largescale projects. Large
landscape conservation is gaining interest
among some public and private organizations
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like these, but the policy tools, funding
strategies, and capacity for any grotgp
effectivey organize and implement laregzale
actions, foster innovative experiments, and
coordinate independent efforts remains limited
(McKinneyet al.2010). The watershed and
associated organizations promoted by the
statesarethe primary unisfor action. The
Council needs to be careful in overlaying
subbasin organization&igure V.3
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*Source datums transformed to NAD83 HARN.
Boundary discrepancies due to transformation errors.
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Collaborative efforts that engage multiple
agencies, ownerships, and responsibilities are
growing. Norgovernmental organizations such
as the Blackfoot Challeng®l¢Kinney et al.
2010), the Skagit Watershed Council (Sidebar
IV.4), and some small watershed groups provide
examples of progress that doest depend on a
traditional agency or interagency process to
bridge boundariesThe Forest Service
Collaborative Forgt Landscape Restoration
Initiative is a current experiment where an
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agency has tried to create incentives for new
collaborative approaches. Funding to Forest
Service units depends on their capacity to
engage and support broader collaboration with
partners that are needed to implement large
scale restoration. Salmon recovery efforts
supported by states and recovery ptang

efforts coordinated by NOAA are other
examples that have bridged agency
responsibilities and engaged a diversity of



partners. It is important to continue and
strengthen such efforts.

Although many would like to see more
integrated and centralized abority to act, the
political culture in the United States favors
fragmented authority (Bessey 1943, Hutchcroft
2001) over management of large areas,
conservatism in experimenting with social
policy, limitations on policy tools, and funding
that often is iradequatefor success (e.g., Reeve
et al. 2006, McKinney et &010). Management
direction is mixed and sometimes contradictory,
since it is constrained by different mandates
and philosophies. For a landscape approach to
be effective, integrated collaborains,
partnershipsand effectivegovernance are

required. After reviewing seven large landscape

conservation efforts, McKinney et al. (2010:18)
02y Of dZRSRX a¢KSaS$s
that the currency of large landscape

YR 2GKSNJ SEFYLX S&

get to the point of action (Kenney 1999, Leach
and Pelkey 2001, Smith andden 2002,
Flitcroft et al. 209), but getting to actions and
projects still is usually fastand more cost
effective than with the common processes of
stonewalling and litigation.

conservation is region® 2 f f 6 2 NI G A2y ®¢

Certainly regional collaboration is needed, but
collaboration, partnerships, and governance
must build from the individual up through
regional organizations to incorporate the
landscape.

Governance and partnerships need the
collaborative apport of managers, scientists,
and the public. Since no single governmental,
nongovernmental, corporate, or private
organization controls decisiemaking at the
landscape level, the importance of partnerships
and collaborations cannot be overstated. Early
public engagement would begin a process of
public education and involvement. Earlier and
better integration of the socioeconomic and

natural sciences would add to the effectiveness.

Successful collaboration also can lower costs.
Costs can be reduced lynning public support
for proposed actions and lessening litigation
and other actions that can impede progress.

The conservation and restoration process works

best with early development of interdisciplinary
teams and coalitions of land users. It takes
considerable time for newly formed groups to
develop understanding of one another and to
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4. Link science and management more
effectively.

Landscape science has advanced dramatically in
the last two decades, with a growing body of
theory, remarkable sapling and technological
advances, and new analytical methods to
visualize and evaluate management
alternatives. Clearly, all the science questions
arenot resolved (e.g., Steel et 2010), but the
science and technology that exists today
dramatically enlances our capacity to
understand and implement restoration with a
comprehensive landscape perspective.

Nevertheless, the link between science and
management can still be problematic for several
reasons. One is that scientists often fail to
directly engag with management (e.g., Rogers
2006, Arlettazzt al.2010). Scientists typically
are rewarded for publishing papers and creating
knowledge and tools. Working with managers
to design and implement restoration based on
that knowledge in the complicated and
uncontrolled real world can be messy, and
funding is rarely easy to find. A second reason is
that managers may lack interest, or they may
not have time, finances, or analytical capacity to
use existing science. In many cases,
management camot afford to employ tools or
information that exists or could be generated.
Funding mechanisms that favor -me-ground
actions over assessment and planning
complicate this issue (McKinney et al. 2010). A
third is that managers are often faced with
conflicting values ahobjectives or with

political interference that can obscure or
muddle the science; for any landscape, many
agencies and missions, or resource values and
science disciplines, are likely to be involved
(e.g., Samson and Knopf 2001, Lichatowich and
Williams2009, Riemaret al.2010). A fourth is
that working across management jurisdictions
to address large landscapes brings together
agencies and actors with different quantities or
gualities of information, different science
capacities, and perhaps also coetftig natural
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resource values and conceptual models
(Lichatowich and Williams 2009, Riensiral.
2010).

Although many factors can weaken links
between science and management, integration
and collaboration of scientists and managers
provides the opporturtyy to bring the best
possible science to larggxale restoration.
Scientists, managers, and the public benefit
from a richer conversation and interchange of
knowledge. There are good examples of
progress where some of the traditional barriers
are being cresed For instance, attempts to
operationalize the science behind salmon
recovery are using formal modeling (e.g., Steel
et al. 2010, McElhany et al. 2010, Sidebar IV.5)
to articulate the conceptual models and help
guide discussion and prioritization acsos
jurisdictions and disciplines. Even when
guantitative information is limited, simpler
models may be used to explore and
communicate current understanding of
important processes, dynamics or constraints
(e.g., Gross 2010). There now are many
analytical twls, but the capacity to impleméem
useful, clarifying analysigquires
interdisciplinary technical and financial support
that can be limiting. Some scientists, tribes, and
non-governmental organizations are now
bringing more of these tools to real world
settings. The Columbia River tribes are revising
their plan, WyKanUshMi WaKishWit, and
communicating its tribal science vision at
scientific conferences. The Lewis RiVar
another example of effective use of modeling to
communicate science issueom broadly.

NGOs like Trout Unlimited also are applying
large-scale analyticahethods (e.g.l1SG 2000
DauwalteretalH n MmO ©@ | F2 NI §
SEGSyarzy aSNBAOSE
0KS Gaml DNADS eal.20K0) 6/ |
where fundng or capacity is limited. Arlettaz et
al. (2010) suggest that a reluctance of
researchers to participate in direct application

13 www.nwisc.noaa.gov/research/divisions/
fed/wpg/lewis_river.cfm
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of their work is an important constraint, but collaborative planning, effective prioritization,

they provide an example where scientists have and longterm learning based on the best
engaged with the public, local govenents, current science require incentives that directly
and managers to recover a functional landscape  engagescience and management in long term
for a threatened species. Rogers (2006) partnerships.

SYLKIaAl Sa GKS odAfRAY3I 2F af SkHNyAy3
O2YYdzyAliASae Fa 1S& (2 ThéePathlNEwahFaa oA GK G Nz &
adaptive management. It is essential to create

incentives to continue effortike these. Each of the challenges above can be resolved
through strong leadership and collaboration,
More effective crosslisciplinary work can be sharing experience, science based
facilitated through the collaboration among experimentation, innovation, application of the
agencies and responsibilities outlined above. available infomation and tools, and effective
Intentional support for interdisciplinary and active learning. A growing body of science
research such as the Long Term Ecological deals with the interfaces of socioeconomics and
Research program (Jobonet al.2010) is ecology and with the principles that lead to
promising. It could be helpful to fund progress in conseation and restoration (NRC
interdisciplinary assessments that explore 1996 USDA 1996, Stouder et al. 199¥illiams
tradeoffs in conflicting objectives and et al. 1997, Dale et al. 2000, McElhany et al
opportunities for simitaneous solutions (Noss 2000, ISAB 2062, CRITFC 201SG 2000ISAB
et al.2006 Riemaret al.2010).However, any 20084, McKinneyet al.2010, Steel et al. 2010,
progress will reque a longterm commitment. Susskind et al. 2010). Helpful designs are
(Reeveet al.2006, Reeve 2007). The Interior available for integrated collaborations and

Columbia River Basin Ecosystem Management governance (Mckieyet al.2010, Reid et al.
Project (Quigley andifier Cole 1997) struggled 2010, Susskind et al. 2010). This knowledge is

with substantial costs and other challenges of the basis for strategies, plans, and actions. In
large scale interdisciplinary science and addition, scientific knowledge has to be
maragement more than 15 years agtnly now integrated with technical and local knowledge.
are serious atterpts emerging to bridge the The understanding, engagement, and trut o
longterm conflicts of terrestrial and aquatic people who are interested in conservation and
management on National Forests based on that  estoration must be improved. Thus, the
work (e.g., Bissoet al. 2003, Rieman et al. general recommendation of this report is for a
2010, USDA 2010) broader foundation that includes (1)
socioeconomic engagement, (2) a landscape
McKinney et & (2010) suggest that the perspective, (3) integrative collaboratiamd
investment in science and technical support governance; (4) and promotion of adaptive
that is needed to realize such interdiSCip”nary Capacity’ both eco|ogical and social. Bu||d|ng
collaboration should be thought of as adaptive capacity to address conservation and
investment in future resilience and be restoration needs while remaining flexible to
evaluated in terms of the ecological services future changes is an overarching need; the next
that are provded to society in general. section of this reporaddresses that topic.

Encouragement and refinement of funding
strategies that facilitate innovative and
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Recentlythe Salmon 2100 Project engaged
respected scientists and polidyl 1 S NE&
assess the policy options for protection and
NEAG2NI GA2Y 2F gAfR
2006:345). When asked abouteole of
science, LackeyH nny 0 &l ARZ
scientifically correct approach to restoring runs
of wild salmonput rather a suite of alternatives
gAGK WwWoSadQ fIFNBSTte@
vision of salmon restoration one accepts. The
choice of the preferred policy option is a public
choice in which the contribution of science is to
evaluate the consequences @&ch policy
2LI0A2y P ¢KAA A& SldzA oI
management process, with science as a

compass and the public as gyroscope (Lee

1993). People are parts of, and stakeholders in,
ecosystems. They require the capacity to adapt

to everchanging situatins, and people must

work together at all levels of organization to

define and choose among options for
conservation and restoration of fish and

wildlife.

al t

Adaptive capacityresults inthe ability to
respond to future change.

Adaptive managementis theprocess of
monitoring, modeling, and assessment that
supports learning and insight for change.

Adaptive managements a way to build
adaptive capacity Adaptive capacity can be
developed by advances in understanding and
application of landscape ecology,
socioeconomic engagement, integrated
collaboration and governance to help people
and organizations work together, and by
adaptive management where leagdresults
are used taadaptively adjust actions.

¢CKS /2dzyOAf Qa CAaAK | yR
recognizesidaptive management as a basic
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Adaptive Capacity and Adaptive Management

element of the framework for implementing the

& X  dvion, Biological Objectives, Strategies, and

Plans through Counesponsored and
doagoratdpfajects(MPCE PoRI3). S &
Adaptive management is increasingly used in

Si

G ¢ K SheFoluinta Rived Basin, having been central

to the NOAA recovery plans (NOAA 2007),
Northwest Forest Plan (FEMAT 1993), the

0 S A @re&gortPlai fdrys&niok @Wateiedsg K A O K

(Kitzhaber 199§ the Oregon Department of
Forestry management of state forests (ODF
1995), and many oer resource management
processes. However, recent ISRP (ISRP 2007,
2088y 2010)irevievis Ku§gest iRat adapive S
management implementation can be
substantially improved.

Monitoring and evaluation are critical steps in
the adaptive management cyclEigure V.1).
Knowledge produced from monitoring and
evaluation is used to adjust plans and practices.
Typically, monitoring and evaluation are the
province of scientistdtis appropriate that
scientists take a lead role soatthe indicators
apply broadlyare accurate, reliable and
precise;are based on@dequate sampling and
repeatable;and are kept in data bases available
to current and future users. However, an
additional critical component is citizen
engagement, which has been part of the
adaptive managemercycle since its beginning
(Holling 1978). Citizens should be invited to help
design hypotheses and research studies, help
design and implement monitoring protocols,
become involved in monitoring tasks and
interpretation of evaluation of monitoring

results, and thereby become part of the team
that applies results to assess and adjust actions.
Experience shows that involvement of citizens
helps create better monitoring protocols,
educates people about the dynamics of natural
éultufalRysterisSand cNaRge INEuSE

behaviors (Wright 2000, Flitcroft et al. 2009). It
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is the view of the ISAB that the public should be  results of experiments can be used both for
better engaged so that their insights can be learning and rexgion of plans and actions.
considered, they can be informed, and the

Assess

Design

Evaluate

AL

'\. ./

FigureVI.1l. The adaptive management cy¢feom NPCC 2004).

[ $SQa 6mddpo 0 YSil LK 2N 2 Adapihe Madhgarient lexppeRiments are difficult

gyroscope, in which science, "linked to human for several reasons. Often, people are unwilling
purpose, is aompass, a way to gauge to assume the risks that such experiments entail
directions when sailing beyond the mapénd (though one can argue that the risks of lack of
democracy, "a way to maintain our bearing knowledge are greater). Alitionally,

through turbulent seas is the gyroscope. Most ecosystems and socioeconomic systems are
adaptive management activities focus on the dynamic and influenced by many factors that
compass but largely ignore the gyroscope. are difficult to assess, even with the strongest
Further, te results of largescale adaptive and most creative experimental designs. It may
management and its applications are not be difficult to design adaptive management
encouraging (Gunderson et al. 1995, Walters experiments that hag the important elements
1997, 2007, Smith et al. 1998, Stankey et al. of experimental design, such as treatment and
2005, Stringer et al. 2006, Duncan and Wintle control protocols, probabilistic selection of
2008, Allen and Stankey 2009, Keith et al. location and assignment of treatments, and
2011). Walters, both one of the major replication. Nevertheless, experimentation to
developers (Walters 1986) and one of the major  learn more about the operation and

critics (Walters 1997) of adaptive management, uncertainties & ecosystems, or other complex
notes that Adaptive Environmental Assessment systems, is the essential feature associated with
and Management (AEAM) has not used FRFELIGAGS YFyF3aSYSyiaoeo a! RIELI
experiments to test the behavior of complex is an inductive approach, relying on
natural-cultural systems often enough. comparative studies that blend ecological

theories with observation and with the design



of planred interventions in nature and with the
dzy RSNR G YRAY3I 2F KdzYl y
(Gunderson et al. 1995:491). Adaptive
management is flexible, encourages public
input, leads to better understanding of
uncertainties, requires monitoring the results of
actions, promotes learning, and includes
adjusting strategies and plans to create and test
new actions. It is important that adaptive
management experiments be allowed to be
creative in order to promote learning about
landscapes and their sociatological dgamics.

Many of the Fish and Wildlife Program projects
that address passage, bypass, habitat,
supplementation, and hatcheries have adaptive
management components. However, these
involve specific actions at specific sites, not
examples of a landscape apgaich.

The ISRP reviews adaptive management
protocols as required by principles of sound
science and evaluates the use of adaptive
management in projects to learn about patterns
and processes pertinent to the Basin. However,
if adaptive management is to be helpfor
planning and management, it also has to
engage the public gyroscope in assessment of
actions, revisions to plans, and making policy.
Processes for this should be more clearly
specified in the Fish and Wildlife Program.

Additionally, the Fish and Wlife Program
(NPCC2008 oYnnv adl G4Sa
procedures for implementing this program
should ensure that planning results in-tre-
ground actions and that those actions feed
information about their results back to the
region to guide future deéi A 2 y & ® ¢
emphasis should be given to identifying how
knowledge about the effectiveness of an action
will be evaluated, disseminated, and, most
importantly, used

iKS

As restoration of the Columbia Basin moves
forward, it is increasingly important that ¢h
Council have legitimate measures of landscape
status and trends, and that these measures are
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quantitatively linked to ecological and

Bk daloRiia ®nditidNe Thésa deédanét be
overly complex measures, but they need to be
revealing of integrity or proges, intuitively
understood by a diverse audience, and cost
effective.

Ideally, all restoration projects should be
monitored at large spatial scales, for long time
periods, and with high levels of @él (NRC
1992), but that approach becomes cost
prohibitive and not possible when the area of
interest is large and restoration actions are
extensive. Decisions about how intensively to
monitor must be balanced and made to agree
with funding constraints and agenayandates
(e.g., McDonald et al. 2007).

Where to Measure?

Considerations of spatial scale arise again and
again in establishing an effective monitoring
program. Local habitat and biological diversity
are strongly influenced by landform and
surrounding lad use, and these influences arise
at many different landscape scales, as detailed
in Section Ill. Landform operates at the larger
scale of watersheds and regions, through its
influence over geology, climate, vegetation, and
topography, whereas the influeeoof land use
operates across all scales, depending on the
response variable. It is often not possible to
identify pathways of influence from observed
adotidtiohs betferPland use and biological
response. Reasons for this include confounding
variables, soh as the existence of many
simultaneous mechanisms of influence,
covariation of lanelse and natural biophysical
gradients in the landscape, and the presence of
both legacy effects from past lange or
disturbance and preserday influences. For
instance mechanisms by which land use
influences stream ecosystems include
sedimentation, nutrient enrichment,
contaminant pollution, hydrologic alteration,
riparian clearing/canopy opening, and loss of
large woody debrig not only today but also in
the past (Alan 2004). These influences often act



in concert, underlining the need to quantify
responses to land use under contrasting
management strategies.

McDonald et al. (2007), drawing on previous
ISRP/ISAB monitoring and evaluation reports,
have made severalseful suggestions. They
include a focus on Intensively Monitored
Watersheds tdest mechanismsyse of
inexpensive techniques that are lengsolution
but spatially expanse to monitor status and
trends;and application of probabilistic samgle
designs wih as few constraints as possible to
make data more likely to be useful over the
longterm. It is the opinion of the ISAB that
these suggestions should be implemented.

What to Measure?

A key challenge is selection of what to measure
from among the many agggate measures in
current use; response variables must have
diagnostic value. The Fish and Wildlife Program
has made a good start in this direction with the
selection of High Level Indicators (HLIs; NPCC
201017), but to date these are focused on fish,
with little consideration of the landscape or its
inherent diversity. Further, it is well established
that measurement of stream health and its
responses to environmental stressors, including
land use, requires wetksted indicators of
ecological integritythis also should be added to
HLIs. While composite measures such as the
Index of Biological Integrity (IBI), percent
assemblage similarity, and the AREMP protocols
being implemented in Region 6 ofglrorest
Service (Reeves et aD03) are useful in
detecting overall stream degradation, their
aggregated nature can make them less easily
interpreted than individual response variables.
Monitoring metrics must diagnose cause as well
as assess harm, and this requires improved
understanding of mechanisms by whiland

use affects stream or landscape condition.
Integrative measures of condition are useful for
assessing overall ecosystem health because
they integrate many influences. However,
species traits, feeding and reproductive guilds,
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taxa of known toleranc# particular stressors,
and other less aggregated measure are likely to
prove more usefuin evaluating mechanisms
(Allen2004, ISAB 2011).

Effective measures of diversity and resilience
are needed and should be monitored along with
the more traditicnal measures of abundance
and inriver survival needs. Progress in
measurement and evaluation of largeale
patterns in genetic (e.g., Matakt al. 2011,

Hess and Narum 2011), phenotypic (Mikeml.
2010, 2011), and functional (Moogt al.2010)
diversity would support rapid development of
new approaches and decrease costs by reducing
use of less effective approaches.

Landscape restoration requires integrated
monitoring of physical, biological, and
socioeconomic processes, including measures
that reflect cultural diversity and webeing.
Inclusion of attention to people, cultures, and
economies with the more conventionally
considered elements of landscape and biota is
essential for success (Naiman 1992, Rogers
2006, Susskind et al. 2010).

While itis difficult to establish causal linkages at
the landscape scale, a number of statistical
techniques are useful for inferring cause and
effect. These include randomizatidrased tests

of null hypotheses, probability modeling,
repeated sampling randomizatiebased

inference and repeated sampling modwsed
inference (Rubin 1991) and Bayesian techniques
in which the collection of fresh evidence
repeatedly modifies initial confidence in the
truth of a hypothesis. Bayesian techniques have
been used in stock asssments (Hilborn et al.
1994 and have been suggested for more
landscapeoriented processes (Ellison 1996).
Additionally, several practical actions can be
taken to improve the likelihood of identifying
cause. Gadbury and Schreuder (2003)
recommend evalating explicit causeffect

4 see alsavww.ices.dk/InSideOut/August10/
Insideout2016No.3article%204.pdf
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hypotheses. For example, one might examine to the Columbia Basin in that they set realistic

the effect of a landscapkevel manipulation on limits on characteristics and sites that can be
habitat abundance and the effect of that collectively monitored on a regular basis (Biggs
habitat abundance on salmon density. Since and Rogers 2003, Rogers 2006, |sztai.

data quantity and quality limit ability to detect 2009). If specific lirts are exceeded,

effects, it is best to involve statisticians early, researchers, stakeholderand decision makers
collect high quality data, attempt to evaluate all convene to discover the causes and propose
reasonable explanations for the data, and remedies. This approach has been shown to be
submit the findings to critical review. It is quite effective in situations where the involved
generally not possible to infer cause and effect parties are committed to the lorterm vitality
relations based dely on observational studies; of resaurces.

experiments, statistical analyses, and modeling

typically are required to corroborate How to Measure: Citizen Science

observations and implicate causal mechanisms.
Citizen participation in the identification of

Compo_site measures of social condi'tions and research topics, study design, data gathering

well-being also must be used. Effective and analysis, and evaluation of results is what

landscpe perspectives embrace social 4320ALf a0ASyOS OFrffta ad2ftf)
conditions as fundamental components of leng Collaborative research is used to increase

term success. Integrated measures, including LIS2 LX S$Qa&a dzytRepnBlems figyA y 3 2 F
economic vitality and human health, are gauges  face, for improving teaching and learning, and

of program effectiveness. These may include for active river restoration (Brierley and Fryirs

per capita economic measures, health 2008). One example from British Columbia is a
indicators,means and distribution of wdilking collaborative research program with local

and qualityof-life statistics, and demographic OANGAT Sya axiz2z aKFENB | S £
variables. Much of this information is publicly inf2 NI GA2y FYR YILA 6AGK O2
available but needs to be assembled and 2011). CMN develops capacity within

analyzed. Since census data are available by communities to collect and store resource

block, which is smallest geographinit for information about watershed management,

which the Census Bureau collects and tabulates  gtream ecology, fish and wildlife habitat, and

100-percent decennial census data, restoration opportunities while promoting

socioeconomic data can be aggregated into active sewardship. With local collaboration

landscapes using GIS. In effect, these measures  from field naturalist clubs, DFO Stewardship,

GF1S 4KS KdzYhy L2 Lddzt | 4 A @rfu@st and- et Rasichs, defsSredz in81S Y R

to index the ability and vlingness of the areas of British Columbia have been mapped
population to be supportive of, and even (CMN nd) to documet not only the location of

- _ _ _ efforts, and the ecological values of the eelgrass
Often it is not f|nanC|a”y feasible to mount |al’ge ecosystem (Dunster 2003) Another example

or comprehensive monitoring programs. from Oregon is the watershed councils that
However, this is not an impediment to routinely engage citizens in water quality
implementing an effectie program. One can monitoring. In Montana, thé&lathead Basin

dzaS OAGAT SY Y2yAd2NAy3 @o@nﬁﬂ@sm?@aﬁ(ﬁtﬁe@léaﬁNatSrPé‘sb\lﬁé‘Kzf Ra
of probable conceri2 NJ | T2 O0dza 2y daSyuAyStéE

sites or processes that are anticipated to be

particularly sensitive to ensonmental changes

(Isaak et al2009, 2010, Venter et _aI. 2008)_. 15 ttp://flatheadbasincommission.org
These approaches may be especially applicable  ,,o4rams/monitoring/
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Councit® engage volunteers to monitor the
trophic status of dozens of lakes. A recent
statisticd approach to national ecosystem
assessment demonstrates the effective
integration of scientific and local knowledge by

involving citizens in science (Herrick et al. 2010).

Quantitative and qualitative observations serve
as baseline data for monitoring poy and
management initiatives.

Citizen science has several important benefits.
First, citizen labor provides more data from
more locations at more times. Citizen
engagement also can expand ability to monitor
on private property by enabling cooperation
from private landowners. Citizen data could
provide a largescale, orthe-ground, view to
complement data obtained through remote
sensing. Citizens also gain experience from
participating in monitoring activities, such as
mapping habitat characteristics acdnditions,

or learning the rationale behind the protocols.
They come to better understand the reasons for
data gathering, how data are gathered,
procedures for getting quality data, and they
learn something about the ecological processes
from the observéions. Most importantly,
citizens become engaged in learning about a
project and its outcomes. In effect, they have
more knowledge to participate in decision
making and ask valuable questions (Buck et al.
2001, Curtis et al. 2002).

Language can be an iiait barrier to engaging
citizens in science. Scientists and citizens use
different terms, and it takes time to develop
mutual understanding. Quality control also can
be more difficult with citizen data collection.
Successful citizen science requires inresits

in training volunteers, gaining the willingness of
scientists, and addressing liability and safety
issues and data management (LR2@09).
Examples of successful citizen science include
the Puget Sound Partnership, which has built
and continues tomprove citizen science

18 www.crcmt.org/projects/aquatics/
watermonitoring.html
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programs (PSP 2010). Likewise, the
nongovernmental Columbia Riverkeeper
organization, which focuses on the entire
Columbia Basin, uses communiigised
grassroots for organizing, public education,
legal enforcement, and hands citizn
involvement, while conducting independent
science and enforcing water quality, toxics, and
habitat regulations (CRK 2011). The Willamette
Riverkeeper is a similar organization intent on
improving conditions in the Willamette River
(WRK 2011). Activitiesich as the Columbia
Habitat Monitoring Program@HaMP),

Aquatic Riparian Effectiveness Monitoring Plan
for the Northwest Feest Plan (AREMP; Reeves
et al.2003), andritegrated Status and
Effectiveness Monitoring PrograttSEMP
contribute to probcols that can be applied
basirwide using citizens as monitors.

Monitoring Approachesand
Philosophies

Monitoring contributes to assessing the status
and trends of the ecological and socioeconomic
components of ecosystems, the impacts of land
use and other activities of people, the
refinement of understanding of critical
processes, and thevaluation of restoration
(Downeset al.2002, RIST 200Rarhe reasons

for monitoring dictate the choice of approach
and philosophy. Basic principles of experimental
design, including probabilistic sampling,
replication, and use of controls or reference
sites, should be applied to landscaleel
monitoring whenever possible. Randomized
treatment experiments with true replication

and effective blocking of experimental units
may not be possible at very large spatial scales,
but approaches with some similgrto a

perfect, but unattainable, design may be used.
¢KS YIFIEAY at SNFSOG Aa
applies.

*” www.nweouncil.org/fw/budget2010/
rmeap/2011 _02champ
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The better approaches for monitoring clearly
connect scale to the dominant processes
influencing the ecological and socioeconomic
components for whih one wishes to draw
inference. For example, a traditional approach
in fish ecology is to monitor the abundance of
individuals and track the growth rates or
population dynamics of local populations at a
few sites on a yearly basis. Important inferences
might be drawn about how growth and survival
relate to the quality of local habitats directly
influenced by restoration. Extending this
intensive measurement approach to an entire
river basin is not feasible. An alternative is to
focus on patterns of occurnee and the
processes of extinction and colonization for
local populations in stream segments, as these
require less effort to measure and can be
monitored effectively with fewer visits at longer
time intervals. The latter approach recognizes
that extinction and colonization reflect the size,
geometry, and qualitpf habitats (e.g., Isaak et
al. 2007) and is being applied in laigeale
monitoring of bull trout reovery (USFWS 2008,
Isaak et al2009).

A full review of monitoring approaches and
philosophes is beyond the scope of this report.
However, the ISAB and ISRP have reviewed
various monitoring approaches in the past (e.qg.,
ISRP 2007, 2008, 20EhdvariousThreeStep
reviews) and we refer to these documents for
general guidance. McDonald et alOo(®)
suggestedteps for accomplishing laregcale
monitoring and evaluation, and the ISAB
recommends that they be used:

9 Begin by creating a list of attributes for
large-scale habitat trends that are suitable
for remote sensing.

9 Prior to any orthe-ground population or
habitat monitoring, develop common site
selection procedures and common data
collection methods.

1 Reach a consensus on a study design that
incorporates as much of the principles of
replication, randomization andvalidation
as feasible.
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1 Us existing data to build predictive models
to investigate likely outcomes of alternative
management strategies.

1 Use intensively monitored watershed
projects when causal mechanisms require
elucidation.

These steps are consistent with the call by Allan
(2004) to examine landise responses to

various management strategies and to use
better response variables with greater
diagnostic value. The identification of high level
indicators (HLI) by the Northwest Power and
Conservation Council (NPCC 2QT0) is an

AR yOSe ¢KS / 2dzyOAf Qa
O2YYdzyAOF(iS GKS CA&K
LINEANBaa G2 GKS NBIA2
Congress, but are, at this time, focused mostly
on salmonids and not the larger integrated
naturakcultural system.

I.
y

Steps outined by McDonald et al. (2007) allow
for monitoring and assessment based on both
large-scale and sma#icale sampling efforts. In
addition to direct monitoring and evaluation at
large spatial scales, it sometimes is possible to
I IINB I 8 2 Nad ke at Small
spatial scales. Mulgcale designs also can be
used and may be particularly helpful when
sampling spatially heterogeneous areas (Urban
2002). As an example, monitoring and
assessment of nonpoirgource pollution in

large river basins &been done using a two
stage approach, first using coarse resolution
data to identify watersheds that are the most
significant contributors of pollution, followed by
higher resolution distributed modeling from
smaller watersheds that reflect specific
management actions. Understanding how data
resolution and geographic extent influence
landscape characterization and how terrestrial
processes affect water quality are important for
model development and translating research
results from experimental watershedo
management of large draage basins
(Hunsaker and Levir995). It is the view of the
ISAB that there remains a basic need for €ost
effective background monitoring (as noted by
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McDonald et al. 2007), the lack of which
currently limits our ability todresee problems
and adapt to them.

Models and Methods for Monitoring

While there are many philosophies and
approaches to landscapseale monitoring,

there are many more methods and models. A
detailed review of this field is outside the scope
of thisreport. The approaches range from
statistical design and analysis strategies, to
modeling, portfolio analyses, and the uses of
remote sensing and broastale indicators.

Tools for understanding natural resources at
large spatial scales are improving rapidhd
becoming more readily available. These tools,
combined with thoughtful evaluation
techniques and the proactive engagement of
citizens, can greatly improve understanding and
management in the Basin over the next decade
as long as investments are maideboth.

Evaluation

Despite many attempts to restore habitats
throughout North America, there is only
ambiguous evidence that restoration efforts
have increased fish abundance and biomass
(House and Boehne 1985, Frissell and Nawa
1992, Hilborn and Wintot993, Reeves et al.
1997, Williams et al. 1997, Ward 2000,
Thompson 2006, Stewart et al. 2009, Whiteway
et al. 2010, ISAB 2011). Identifying cause and
effect relationships between specific
restoration actions, habitat improvements, and
fish population or guatic community responses
is a difficult challenge (Hunsaker and Levine,
1995). In the Columbia Basin, relationships
between management practices designed to
improve physical stream conditions and biotic
change need to be evaluated.

The ISAB acknowledgéhat studies evaluating
the causes of changes that result from many
actions, and at many spatial scales, are
uncommon. While such studies are technically
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difficult, they are necessary. Allen (2004)
evaluated various methods to evaluate
cumulative and ctéctive effects and one
promising approach involves combining
qualitative observations and quantitative data.
The approach features a statistically based
application that integratescientificandlocal
knowledge (Herrickt al.2010). A related
strategy,collaborative adaptive management,
combines adaptive management and
collaborative planning to simultaneously
support management, engage the public, and
improve understanding of tradeoffs among
ecological, economic, and social welfare
objectives (Buckt al. 2001, Susskinet al.
2010).

I LRaAGA®S adGSL) KFa o6SSy
of the Monitoring, Evaluation, Research, and
Reporting plan (MERR), which contains an
Evaluation and Reporting Approach to provide
information on progress toward basimide
biological objectives (NPCC 2a11). The

approach includes ISRP evaluations of the
overall Fish and Wildlife Program, as well as
reviews of individual projects funded through

the Program. Other components of the
Evaluation and Reporting Approach desigted
enhance evaluation of progress toward basin
wide needs are the Science Policy Exchange, the
Proponent Exchange, High Level Indicators, Fish
and Wildlife Indicators and Program Synopsis.

A variety of ongoing Columbia Basin projects
are developing methds for evaluation. For
example, the Integrated Status and
Effectiveness Monitoring Program (ISEMP), a
project funded through the Fish and Wildlife
Program, has an objective to develop tools to
evaluate monitoring programs and approaches
(ISEMP 2010). Anagh project funded through
the Council Program explores methods for
evaluating past habitat restoration actions and
their effect on fish populations to provide a
foundation for multiwatershed designs for
habitat restoration (Marmorelet al.2004). In
the future it may be useful to apply Bayesian
networks for costbenefit evaluation of flow



and catchment restoration actions (Stewart
Kosteret al.2010,) but this approach may need
more development before application to the
Basin.

Several other general appohes may be of
value at the landscape scale. For lasgale
regional assessment, periodic status of
temporal trends may be sufficienth& tradeoff
is that trends can be inferred only at a coarse
scale from periodic data collection or analysis,
giving ittle ability to detect small changes.
Rotating panel designs may offer an efficient
approach to detect treds of large areas
(Urban, 2002put suffer from substantial
constraints in the sampling design.

Another approach to evaluation is to sample a
large number of sites using a relatively quick
and lowresolution set of metricg following

the recommendation of McDonald et al. (2007).
For instance, mukspecies monitoring relies on
surveys of presence/absence for a large number
and breadth of species atlarge number of

sites (e.g., Manley et al. 2004). A coordinated
multi-species monitoring effort, collecting
presenceabsence data on a broad range of
species, may be a good alternative to intensive
monitoring of a few species.

Monitoring frameworks basd on levelsf-
evidence for assessment of the cumulative
landscape effects of individual restoration
actions at different locations have considerable
potential to improve unérstanding
(Diefenderfer et al2011). This framework
involves synthesis and evaition to facilitate
assessment of cumulative landscape effects of
individual restoration actions. The levals
evidence approach features construction of an
inferential case for the occurrence of cause
and-effect in a complex ecosystem. It is a semi
guartitative approach designed to provide
evidence for a cumulative ecosystem response
to multiple restoration projects. It includes
sampling at project and reference sites to
develop predictive ecological relationships,
detection of synergies at larger scatbsough
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statistical tests, and hydrodynamic modeling of
paired, clustered, and sequenced sites.

Overall, despite recent advancement, the
science of ecological evaluation at large scales is
at an early stage of development. There is much
to learn from the social (Bernard 2000), political
(Johnsork005), and medal sciences (Miller

and Salkin@002), all of which have

considerable experience in largeale sampling
and evaluation.

Designing Best Practices

Best practices are intimately linked to the
adaptive management process. However, when
the adaptive management process is truncated
(e.g., no experimentation or citizen
involvement), what people think is best practice
often is not. Even if there is general assurance
that a treatment is the best one, ghould be
tested and monitored to be sure. That said,
building on what is learned from existing
experience and adaptive management, program
leaders should develop a preliminary list of best
practices to support implementation of a
comprehensive landscapproach. A best
practices approach can expand adoption of
effective actions and broaden the impact of
strategies to conserve and restore fish and
wildlife. Not all innovation processes take hold,
but when best practices are in place, the
potential to makesignificant change is driven by
personal incentives guided by best practices.
Monitoring can determine effectiveness of best
practices and identify modifications to make
them more effective as greater experience is
obtained.

Continuous oversight to aligreopleQ @ctions

with goals is difficult, time&onsuming, and

expensive in a complex system like the

Columbia Basin. One way to more efficiently get

this alignment is through policy. Policies are the

laws, administrative rules, and local codes that

trytol f A3y LIS2LX SQa | OGA2ya
Ideally, state and local policies should align with
Council goals. Clear policies can be helped by



each of theStateCouncil Members being
knowledgeable of how the policies at all levels

of government in their site support or inhibit
GKS /2dzyOAf Qa CAaK | yR
Members can then identify areas where local,
county, regional, or state policies can be revised
to better coordinate with the vision of the Fish
and Wildlife Program.

A less presaptive way to achieve alignment
with Council goals is to develop best practice
guidelines on how to perform actions that are
useful. This means developing a set of best
practices designed for specific groups of actors,
such as resource managers, county aityl
planners, and various types of landowners and
households. Council program leaders with
assistance from ISRP, ISAB, IEAB, and topical
specialists could begin with best practices for
counties and cities. In designing best practices,
seek those that resire critical processes, are
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intuitive, clear to implement, are flexible,

improve landscape functioning, include

monitoring, get people thinking more broadly,

and dcéept that Babitatd Btraaxds, ¥rd  / 2 dzy OA
watersheds are dynamic.

When program leaders and advisamsoups

work on best practices, the following items are
suggested for consideration.est practiceis a
short, preferably no more than a oRgage
summary of the practice that includes the
information necessary to get started. Best
practice summaries could be handouts or web
pages, and assembled in folios according to user
group. Fortunately, best practices have already
been established for a muber of land uses.

What is often missing is a landscape perspective
that encourages thinking about how
implementing a best practice locally affects
other areas, groups, and individuals.



VIl. Recommendations

Recommendations are organized in two
sections,general recommendatiorthat are
relevant to any group working toward a more
comprehensive restoration strategy and
recommendations formplementing a
comprehensive landscape approdblough the
actions of tle Council and others influencing
policy and direction for large scale conservation
and restoration in the Columbia Basin. The
recommendations draw together the four
criteria (Section V), with the implementation
(Section V) and adaptive management (Section
V1) discussions. These sections provide
background on challenges that have to be
solved for a landscape approach to be
successful.

General Recommendations

A comprehensive landscape approach will
support effective and efficient resource
management and reasration, more so than the
fragmented and opportunistic activities
commonly practiced. Keys to a successful
landscape approach are achieved through
socioeconomic understanding and engagement,
applying the concepts of landscape ecology,
collaboration and sared governance, and the
use of true adaptive managemeqthe four
central themes of this report form the basis of
our main recommendation to use these criteria
for evaluation as well as serving as general
recommendations for implementation (Section
IV):

Broaden Socioeconomic Engagement
Build from Landscape Ecology

Organize for Integration and
Collaboration

1 Foster AdaptationUseAdaptive
Management
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This guidance is not entirely new. The basic
foundations of ecosystem management and the
need to congler larger scale pattern and
process in habitat conservation and restoration
are considered in some of the principles and
guidance from the ISAB, Council, NOAA
Fisheries, Tribes, and other syntheses. But our
understanding and implementation must be
expanced, refined and continue to evolve.
Much of the distillation to more effective
practice occurs as scientists, managers,
administrators, and the public review, compare,
apply, and modify approacheas new
knowledge develops, and as experience is
shared.

We encourageules of thumko expand
understanding and adoption of the most

current knowledge and guidance. The details of
complex recommendations may not be useful

to many practitionerswhile rules of thumb may
be incorporated more easily into the langie
discussion, and practice of those directly
conducting or influencing restoration actions.

An example has been the focus in bull trout
NEO2 OSNE 2 @leaNBdiNEhnécled 3
and Complek KlF oAGlFGad ¢KS
substantial body of scie® and management
into an essential framework that is easily
understood and remembered. We summarize
key points behind each recommendation to
encourage that process (Table VII.1). The idea is
to capture understanding that will help build a
common foundatio and culture of
comprehensive landscape restoration in the
Columbia River Basin.

Implementing a Comprehensive
Landscape Approach

Successful implementation of the general
recommendations faces important challenges.
We identified four that are key in Simn Vt
building broader support, clarifying the vision,
developing leadership in science and
management, and working across boundaries.

a
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The Council and region have worked to
embrace the adaptive management process
with some success; in Section VI, we idgnt
additional changes to make the adaptive
management process more effectivdeeting

the challenges will require broader support and
specific actions at many levels of engagement
from individual scientists, managers, and
landowners to county and cityogernments to
managers of large programs and large areas of
the Columbia Basin. As these concepts are
incorporated into project design,
implementation, and review and as a landscape
approach becomes more familiar, other actions
not mentioned or recognizelere will be
necessary. Exploration and innovation, as well
as the sharing and revision of new idease
some of the key ingredients for success. Much
of this can be conveyed in development and
continued revision obest practicesor those
responsible for guiding restoration (Section.VI)

Effective recommendations identify the people
who can act and provide insights on how to
proceed. Actions rest on intentions and
require actors, and actors often need
suggestions on where toegin. The
recommendations for implementation offered
below include general guidance for actions and
a foundation for development of best practices
Many levels of actors will be needed to be
effective. Council Members are responsible for
framing and commnicating the Fish and
Wildlife Program vision and the plans to
implement that vision. Program leaders and
managers direct actions to implement the

/| 2dzy OAf Q4 @ArAaizy Ay
Program. Scientific guidance and review are
provided by the ISRFSAB, and IEAB and the
normal peer review process in research.
Ultimately, the Council, public and private land
managers, scientists, landowners, cities and
counties, businesses, corporations, recovery
planners, leaders of watershed councils, and
non-goverrmental organizations, as well as the
general publicneed to agree on a vision and
the strategies for achieving the vision. The use
2T GKS LIKNI as$s
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heading meant to encompass those in
leadership positions of conservation and
restoration planning and action. In the Council
context, program leaders might be those with
the title of manager, coordinator, director, or
officer. The recommendations for
implementation are:

1. Build Broader PubliSupport
Enlist the public and diverse social groups
associated with the landscape to build
socioeconomic understanding and support
for comprehensive restoration.

A crucial, but commonly missing, element of a
comprehensive landscape approach is early
engagement of the people who live on, use, and
care about the land. Typically, engagement
comes too late, often in an attempt to

implement an alreadyormed plan whicloften
leads to less effective outcomes. Socioeconomic
understanding and engagement is required
before effective actions can even be recognized.

Improve involvement of county and city
planners and governmentdVhile local
governments are part of some reeery efforts
the effectiveness is variable, ranging from
strong to nonexistent. County and city
government through landise planning, where
it exists, and through developing and enforcing
building and other codes, significantly impact
landscape patterns ahconditions. We
recommend that fish and wildlife restoration
planners, Council Members, and Program

i K Sleaderssseek sulsrntial involvementfrém

county and city government leaders and
agencies. Collectively, they should
collaboratively review the impact obanty

actions on conservation and restoration goals.
Establish an ongoing liaison with county and city
government leaders and agency heads.

Increase diversity of public engagemers.
landscape approach brings mof@nd more
diverse) sets of actors. Itgeires diverse

Gt yR Yl ysociageeromit gngagentang thexsbyvteading to
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the possibility of increasingly integrated actions.
Key goals are to increase the diversity of
participants and the level of trust for
conservation and restoration programs. This
may include effais to increase the efficiency
and effectiveness of the Fish and Wildlife
Program by using resources to promote Council
goals in collaborative efforts with organizations
that are successfully mobilizing inclusive
landscape perspectives.

Increase active ath experiential learning.
Through active experiential learningeople
better understand and communicate practices
that have proven successful for conservation
and restoration. We recommend that Council
and Program leaders facilitate and create
expanded leening experiences for both
children and adultg and citizen science
associated with research, conservation,
restoration, and monitoring projects. Active
experiential learning includes public
participation in all phases of adaptive
management, and it blds adaptive capacity.

t N23INI Ya adzOK
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and might be linked with other efforts (Forest
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articulated in the Fish and Wildlife Plan and a
broader landscape perspective.

Encourage the use of scenarios, modeling, and
assessment to put restoration actions in
context The public needs to understand how
programs influence future conditions and
whether projects will achieve goals. Modeling,
assessment, and scenarios can more effectively
prioritize limited resourcesdNhile scientists
develop scenarios, models, and assessment
measurespublic organizations (e.g., the Council
Public Affairs Division) caommunicate these

to the public and land managers. The ISRP and
Program leaders can use scenarios and
modeling to help prioritize actions.

Align ecological and socioeconomic incentives.
People respond to incentivelt is important to
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align the benefitof ecological actions with
socioeconomic desires and wellbeihg other
words, we recommend the Council seek to
affiliate the benefits of conservation and
restoration with the desires of people living on
the landscape. Think in terms of ecosystem
services, direct benefits, community
improvements, amenities, and local goals. This
requires an ongoing understanding of how
Basin residents view salmon recovery efforts,
their perception of recovery success and
understanding of restoration concepts, and
their saisfaction with recovery goals and
progress

Embrace the concepts of a landscape approach
in the Fish and Wildlife Program direction and
project reviews The vision and strategies of the
current Program reflect many of the concepts
outlined herein for a amprehensive landscape
approach. Nevertheless, these need to be
updated refined,and acted uporto reflect
growing knowledge and practice. Work with the
ISAB and ISRP to refine and incorporate these

AY

Wildlife Program revision. Work with the ISRP
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review (see 6 below)

2. Rebalance the Vision for Restoration.
Organize a strategiapproach with a
foundation in comprehensive landscape
ecology that balances abundance,
diversity and resilienceall within the
carrying capacity of the ecosystem.

Diversity and resilience in salmon populations
conveyed by functioning landscapasd diverse
habitats will be critical to maintaining
productivityand abundance in a changing

world. Although these concepts are embraced
in the Vision and strategies of the current Fish
and Wildlife Program, they are less commonly
embraced as a criticalement of successful
restoration by many in the Basin, and this needs
to be rectified.



Improve and expand the High Level Indicators
(HLI).Develop HLI that include measures of
diversity, resilienceand carrying capacity as
well as abundance and survivain assessments
of the program, perhaps working with the
information generated through recovery status
reviews but also with measures of the returns
to the entire system and measures of
productive capacity of specific habitats. This can
be initiated wih the ISAB and Council staff
working collaboratively. New research and
development may be required to create and
refine appropriate, quantifiable measures, but
emerging science and recovery efforts should
provide a foundation.

Develop goals for diversitgnd resilience
comparable with the goals for abundance.
Embrace and practice a comprehensive
landscapescale ecological approach in the Fish
and Wildlife Program as well as in the actions of
the Council. Specifically, bring the concepts of
diversity, spatl structure, productivity, and
resilience to a level of visibility and
understanding in the public and in the science
and management communities that are
comparable with the current focus on
abundance.

Integrate hatchery production with habitat
restoration. Artificial production is important in
restoration as well as for public perceptions of
well-being. Nevertheless, artificial production
requires balancing abundance with the
maintenance of diversity and, as well, taking
care not to exceed the carry cagity of the
ecosystem for wild fish. While the Fish and
Wildlife Program recognizes these issues, the
ISAB concludes that there has not been
adequate attention to either the factors that
are essential to the lonterm resilience of the

FaAaAyQa Oo?tyifadafdséapssale
effects of hatchery programs.
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3. Establish Leadership in Linking Science and
Management
Support and facilitate a strong engagement
of landscape science in assessment
restoration planningand actions

This will requireecognizing and embracing the
diversity of scientific and organizational
interests in the Basin, synthesizing and
communicating scientific findings broadly
(including the result of largecale programs,
and Council goals, plans, and actions), building
outreach, collaboration, and partnerships, and
supporting development for technical,
analytical, and support teams. The experience
of scientific support in recovery and restoration
planning and monitoring partnershipsre
important examples to extend as paske.

Support communities of practice and peer
learning networks.This will be essential, and
effective, for diffusion of innovative

applications and examples. Council support can
come in many forms, but one of the most
effective will be to provide inceites and

forums for work across programs with common
approaches and challenges. While intuition may
suggest that a few wetthosen experts can
design effective programs for landscape
conservation and restoration, such programs
cannot proceed without locanowledge and

local support and must also be informed by a
diversity of opinions and experiences from
other settings A landscape approach requires a
broad range of experienced participants as well
as common learning processes.

Explore options for restortdon extension
servicesSimilarto that practiced in agricultural
communities, extension programs for
restoration landscape science can bring state of
the art tools and consistent application for
planning, implementation, and assessment to
efforts or comnunities that lack the technical or
financial capacity. This may include continued
support for regional collaboratives emphasizing
development and/or implementation of
landscape analytical tools, approaches, and



examples. Working through an extension
servie supported by the Council and other
groups with common large scale interedend
managers and Program leaders could create
regional teams with broad expertise to support
and guide local projects and tie these projects
to a landscape approachhe intergency Joint
Fires Sciences program provides an example
that funds development of critically needed
tools for managers dealing with common issues.
Other examples include NOAA Fish Recovery
efforts, numerous NGO activitieSea Grant
programs, and existingriversity extension
services (e.g., Washington State University,
University of Californiavis) and Soil and

Water Conservation Districts. Extension services
provide the synergies and simultaneous
solutions that have a high probability of
reaching those etually planning and
implementing restoration.

4, Work Across Boundaries.
Support or extend existing and non
traditional efforts and develop more, cost
effective partnerships

Effective leadership and coordination across
ownership, authority or responsility, and
resource values are essential. Accomplishing
conservation and restoration goals, creating
plans, and implementing actions requires
combining the latest scientific and technical
knowledge with the values, beliefs, goals, and
intentions of Basimesidents. This is a
socioeconomic process that will require
improving the breadth and effectiveness of
existing organizationsSome existing
approaches will need to be modified, while
embracing the emergence of new organizations
and institutions to buildsupport, and
coordinate landscaperiented intentions and
acts.

Explore strategies for subbasiscale planning
¢ is a prescriptive approach necessaryvhile
continuing to support miescale (e.g.subbasin)
planning and assessment there is a need to
revisit the necessity for prescriptive direction.
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More effective partnerships may emerge by
supporting, funding, or highlighting local and
regional collaborative and netmaditional
alliances that are ftidging the capacities and
authorities of existing groups, particularly those
that are effectively engaging the public in the
process of planning and adaptive management.
We encourage continued large scale planning
efforts but support the evolution of new
planning boundaries and structures that
emerge from local participation and natural
processes and partnerships rather than any-pre
designated structure or process.

Expand partnerships and collaborations with
individuals, leaders, and grouptandscape
conservation and restoration will bring much
greater interest and engagement in the
development of plans and actions for the
conservation of fish and wildlife. Farm and
forest landowners and managers will need to
coordinate actions. County and city officiabill
need to be aware of the impacts of
development decisions on land use and
adjoining land and riparian areas. Groups
focusing on water quality, environmental
health, natural resource education, and like
areas will have to become partners and
collaboraors. Use cooperative management,
consensus building, civic engagement, effective
communication, social network techniques,
structured decision makingnd related
techniques to create these partnerships and
collaborations.

Examine other collaborative exgriments in
large scale restorationPeriodically review
progress and challenges of other larger
restoration collaboratives that are
experimenting with new models. Examples
include the Forest Service Collaborative Forest
Landscape Restoration Program, #tates of
Oregon and Washington, which use two
different institutional structures for their
salmon restoration programs, and the Lincoln
Land Institute. There remains a need to learn
from these experiences and apply successful



techniques and approaches the Columbia
Basin.

5. Reinvigorate and Extend Adaptive
Management
Fully develop adaptive management to
develop and support adaptive capacity.

Adaptive management is a basic element for
implementing the Vision, Biological Objectives,
Strategies, andIBns of Counciponsored and
collaborative projects. Advances in the
understanding and application of landscape
ecology, socioeconomic engagement,
integrated collaboration and governance, and
adaptive management where learning results
from and is used tadaptively adjust actions,
are the keys to building adaptive capacity.

Implement adaptive management
experiments While large experiments are
difficult for several reasons, they are vital to the
adaptive management process.
Experimentation to learn more about the
operation and uncertainties of ecosystems, or
other complex systems, is an essential feature
associated wh adaptive management. It is
important that adaptive management
experiments be creative in order to promote
learning about landscapes and their social
ecological dynamics.

Reuvisit guidance on where and what to
measure.Previous ISRP/ISAB monitoring and
evaluation reports have made useful
suggestions on where to measure; we support
their recommendations. Effective measures of
diversity and resilience should be monitored
along with the more traditional measures of
abundance and #niver survival. Progress
measurement and evaluation of largeale
patterns in genetic, phenotypic, and functional
diversity would support rapid development of
new approaches. Further, including currently
available measures of social conditions and
wellbeing, along with surveyand focus groups
will be useful to show the perceptions of the
benefits from landscape actions. Effective
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landscape actions embrace social conditions as
fundamental components of loAagrm success.

t NPOARS 2LIiA2ya
restoration program.The public needs to be
better engaged so that their insights can be
considered, they can be informed, and the
results of experiments can be used for both
learning and revision of plans and actions. Invite
citizens to help design hypotheses amrdearch
studies, help design and implement monitoring
protocols, become involved in monitoring tasks
and interpretation of evaluation of monitoring
results, and thereby become part of the team
that applies results to assess and adjust actions.
Experiencelsows that involvement of citizens
creates better monitoring protocols, educates
people about the dynamics of naturaliltural
systems, and changes lange behaviors. In
effect, citizen science engages the public
gyroscope in assessment of actions, revisito
plans, and making policy.

Evaluate restoration efforts in a landscape
context.In the Columbia Basin, relationships
between management practices designed to
improve physical stream conditions and biotic
change need to be quantified at the landscape
scale. A nagging concern is whether restoration
efforts are increasing fish abundance, biomass,
and resilience of populations. A positive step is
the Monitoring, Evaluation, Research, and
Reporting plan (MERR), which contains an
Evaluation and Reporting pmach to provide
information on progress toward basinwide
biological objectives and the Integrated Status
and Effectiveness Monitoring Program (ISEMP).
Nevertheless, despite many attempts to restore
habitats throughout North America, there is
only ambiguais evidence that restoration

efforts have increased fish abundance, biomass,
or the resilience of populations.

6. Develop Best Practices
Support the development and diffusion of
best practices to guide more consistent
actions.
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Best practice summariesan be handouts or
web pages, assembled in folios according to
target group, preferably as oAgage

summaries. Fortunately, best practices for a
number of land uses already are established.
However, what is often missing from these is a
comprehensive lanadspe approachThe
Council, tribes, states, and federal partners
should work together to:

Develop a preliminary list of best practices.

The list will help implement a comprehensive
landscape approach building on what is learned
from experience and adaptvmanagement.

The rules of thumb outlined above can provide
a starting point. As greater experience is
obtained, monitoring and evaluation can
determine the effectiveness of best practices
and identify modifications needed to make
them more effective.

Usepolicy to align actions with goals.

| 2y GAYydz2dza 2 OSNERAIKID
with goals is difficult, time consuming, and
expensive. One way to more efficiently get this
alignment is through policy. Policies are the
laws, administrative rules, anddal codes that
GNB G2 FEA3IYy LIS2LIX SQa
Ideally, state and local citizens and policy
makers should know if policies at their levels
support or inhibit the best practices for
AYLX SYSy Gl GdAazy 27
Wildlife Progam.
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Develop best practices that are useful to
specific actorsThis is a less prescriptive way to

g2
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achieve alignment with Council goals. This
means developing a set of best practices
designed for specific groups of actors, such as
resource managers, countind city planners,
and various types of landowners and
households. Council program leaders with
assistance from ISRP, ISAB, IEAB, and topical
specialists could begin with best practices for
counties and cities.

7. Strengthen Social Sciengarticipation in
ISAB and IEAB.
Increase formal cooperation and
collaboration between the two bodies to
improve the integration of ecological and
socioeconomic perspectives

Consistent with much of the discussion in this
report, stronger integration of bilogicat
ecological and socioeconomic considerations is
needed for efficiency and success of
conservation and restoration.

Ff A3y LIS2LX SQa
Integrate the ecological and human sciences
on advisory boards and the interactions
between ISAB and IEABhe ISAB recommends
that the Council increase collaboration between

D]l SAB vindl IEAB, iickeasa thedshclalistience 3 2 | f

representation on the ISAB and broaden it on
the IEAB, and promote sustained interaction
and cooperation of these two advisory bodies.
PhazgcQmirteriigtions abave and ryiuRh of that
outlined in Table VII.1 are examples of activities
that could significantly improve efficiency of
Fish and Wildlife Plan actions and that could be
supported jointly by the ISAB and IEAB.
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Table VII.1. Fouradions for Rules of Thumb in a Comprehensive Landscape AppKmchoints behind
each of the general recommendations provide starting points for rules of thumb for a landscape
approach to restoration in the Columbia Basin. While many of these recomnmiendatre already in
practice or being explored, we need to embrace them, build on them, and make them part of the
culture of restoration.

Broaden Socioeconomic Engagement
91 Develop broad engagement with citizens, landowners, and other groups with divterssts.

(0]
(0]

(0]

Include diverse perspectives toward conservation and restoration

Use meetings and events fordepth communication about values, incentives, and
actions

Look for areas of cooperation, complementarities, and ability to develop beneficial
strategies and actions

Use a breadth of engagement activities that include public meetings as well as print,
radio, TV, and social media or wbbsed tools to reach the largest possible audience
Solicit public engagement early and encourage debate and disoussaiternatives
Include advisory groups, university extension, volunteer programs, and
active/experiential learning activities for youth and adults

1 Measure effectiveness of socioeconomic engagement.

(0]

(0]
(0]

Include indices that include recognition of the orgaational names and sponsored
activities

Consider program or project success in generating public support and outside funding
Consider measures of trust among the general public and specific stakeholders

1 Create positive incentives for people to engage waitth care about their landscapes.

(0]

(0]

(0]

Use narrative and stories linking personal wellbeing to the integrity of watersheds and
landscapes

Emphasize and explore the ecological goods, services, and aesthetic qualities that
society depends on for their liveliho@hd sense of place

Work to develop and extend the financial incentives through tax structures, easements,
water rights and other mechanisms available with an eye toward expanding
conservation management

Build from Landscape Ecology
91 Develop a larger spial and temporal context.

(0]

(0]

(0]

(0]

(0]

Support the implementation and application of linked or integrated models, scenario
planning, and similar analytical and conceptual tools

Explore and communicate a basic understanding and questions of pattern, process, and
tradeoffs across landscapes, and their importance to resilience of fish and wildlife
populations

Work across the full landscape influencing the systems of interest; work across non
ecological boundaries such as land ownership or jurisdiction

Recognize thaitmportant processes play out over time; actions now are long term
investments in to the future

Consider landscapes as templates that constrain the potential for habitats and
populations
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(0]

Use landscape classification as a foundation to understand halatahpal, primary

drivers or processes influencing habitat conditions and constraints on successful
restoration

Recognize that we cannot fully anticipate how systems will change; they are likely to be
very different in the future. Favor strategies suppodidiversity and adaptive capacity
over those that attempt to recreate structural conditions of the past

1 Link landscape ecology to population productivity and resilience.

(0]

(0]

(0]

Consider spatial structure and work toward a distribution of habitats that are larg
enough to support persistent populations, redundant and widely distributed enough to
minimize vulnerability to individual disturbance events, and connected enough to
support each other

Maintainor restore the range of habitats to allow-expression oftie fullest possible
range of phenotypes

Maintain existing genetic diversity and seek to prevent further loss of genotypes that
are not well adapted to current conditions but that might faeoredin restored

habitats or future climatic condition

Considequality and complexity of habitats needed to support strong survival and
population growth rates

Consider complementary landscapes and habitats needed to support complete life
cycles

9 Prioritize limited conservation and restoration resources withifakger context.

(0]

o

Build from strengths. Secure functioning landscapes and core habitats before restoring
more degraded ones. It is far more efficient to conserve existing systems than create
new ones. Focus resources where the greatest benefits can be gaitiethe least cost
Focus restoration where it will resolve critical bottlenecks or constraints in survival and
population growth
Favor a modular approach. When possible, focus efforts to secure or restore a complete
habitat, habitat network, patch, or tal population rather than working on many
simultaneously

Ff1FyOS &A1 SY RAGSNERAGES NBRdzyRIFyOeées FyR
Favor restoration of process rather than structure. Focus on the landscape conditions
that are sources or cause$ degradation rather than the habitat condition
Use broaescale assessment to identify conflict, and opportunity for synergies and
tradeoffs, with other resource uses and issues (e.g., aquatic vs. terrestrial restoration)

Organize for Integration and dlaboration
9 Support or create organizations that can build trust and partnerships between relevant sciences,
between science and management, and between science, management, and the public

(0]

(0]

Develop a sustaining structure, a clear vision, and the leadesastirganization to

carry out the vision

Create a governance that is inclusive, democratic, flexible and at the scales necessary to
address the landscape and ecosystems of interest

Find a common language and common conceptual foundation; use detisigrand

models to visualize the system and alternative scenarios

Work across large areas, with diverse ecologies, and varied interests, values, and
objectives to explore tradeffs among resource uses and conflicts in time and space

Bring counties and tiés into the restoration process, including longer term

maintenance
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that include NGOs, neprofits, and local collaboratives that can bridge traditional
boundaries andbring key players to the process
9 Find and support the technical and organizational capacity and resources to bring implement the
vision in the form of science based landscape projects and actions.
0 Require a scientific, technical, and local knowledge thatds on existing knowledge
o0 Create a process that values interdisciplinary scientific knowledge
o Facilitate and support notraditional organizations that include NGOs, Amofits that
can bring new capacities especially where they are dwindling iitimadl agencies
1 Create incentives that support science engagement with management and the public
o Consider incentives for collaboratives similar to the Long Term Ecological Research
Program
o Develop science collaboratives or restoration extension setgisepport managers
where resources are limited

Foster Adaptation; Use Adaptive Management
9 Scale Up Monitoring
0 Recognize large scale pattern and underlying process
0 Recognize the issues of scale and dominant process, the focus of monitoring may
change wih scale
o Consider a mix of sentinel sites and intensively monitored sites to understand both
process and emergent pattern
o a8 GOAGAT Sy aOASyOS¢ G2 NBRdAzOS 0O02aida FyR
structure and processes; consider the NatioRatk Service model
Develop higHevel indicators of ecological and social and economic conditions
0 Includes measures of such things as public trust, knowledge of scientific principles, and
identification of individuals or groups that are potentially affetteeneficially or
negatively, by plans and actions
1 Experiment and Innovate
o Consider a mix (or diversity) of restoration and funding strategies in order to compare
and contrast
0 Use models to help focus on critical questions or where experiments aetidadly or
financially impossible
o Formalize a regular process of review, feedback, and revision or refinement
9 Learn through diffusion, collaboration and sharing
o Develop procedures and incentives for innovation through a broad set of actors

(@)
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0 Share ideas, information, and results across similar projects and develop common or
coordinated watershed and regional strategies with common approaches to evaluation

o Develop mechanisms and networks émmmunication, sharing, and review

0 Regularly synthesize results of common efforts across temporal and spatial scales
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VIIl.  Concluding Remarks: What Does Success LookLike
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purpose is rather to make practical suggestions than to indulge in theoretical spojilati @ P d €
- George P. Marsh (18p4

It has been well over a century since George philosophies, and visions to carry us successfully
Perkins Marsh wrote his highly influential book toward the future. The Council, working closely
Man and Naturg1864). The book is a classic with its pariners and collaborators, can play an
reminder that civilizations have collapsed essential role in developing the skills, ethics,
through environmental degradation, but they and vision necessary for a sustainable future.
need not do so if societies adopt a landscape

perspective and develop sustainable What will it take to be successful? The path will
philosophies toward land and water. The require continual learning and adaptation. This
messages contaliR Ay al NEKQ& 0 2ahdrecEnPISABIiegrrtdrgbhasize a future for
launched the modern conservation movement the Basin that is outside the bounds of previous
in the United States because, even at the time experienceg a serious socianvironmental

of its publication, there was great concern for issue that lives with us today. There are,

K2t AadAO YIyl3aSYSyl 27 liokeer waysth @pa@forah ingeRain | Yy R
waters.Stewart Udalf I G SNJ ¢ NB (i S (i Kiutiire. aheshlEdui€edhe integration of local
book was "the beginning of land wisdom in this with Basin-wide decisions and actions, and

country." While other great works have these have been presented in this report.
espoused a landscape perspective, witlsand Collectively, there are opportunities to be
County Almana¢Leopold 1949) andihe Sea successful when we recognize that:

Around UgCarson 195) perhaps being the
epitome of such works, none has been quite so 9 Success is a process, not a state of

influential. completion, and it demands unparalleled
communication and coopation
Acting on the words and works of Marsh, 1 Change is continual: sustained monitoring
Leopold, Carson, and other leading writers is and active learning will be always required
more critical than ever for stewardship of the 1 Early and extensive public engagement is
Columbia Basin. Changes to land, wated an needed at all scales of social organization
the cultures they shape and support, have been e.g., (homeowners, counties, subbasins, and
profound and are accelerating at alarming above)
rates. If adequate resources are to remain for f  Socioeconomic and ecologldssues must
future generations, a comprehensive landscape be addressed simultaneously and with
approach is needed. This is perhaps the grand integrated approach, keeping in mind that
challenge for the Coundihd its partners in this GKS . lFaryQameftssusizill f Sy dA N
decade. At their core, the principles and the personal webeing of its people.
recommendations in this report are only
elaborations of principles and A landscape perspective is what Marsh,
recommendations made by others over the Leopold, Carson, and others envisioned.
previous century. Yet, while thousands of Communities are asking for an understanding of
people are wellversed in science, amagement, what Nature needs in order to adapt and
politics, and industries, the people of the Basin  efficiently produce useable resources (Williams
do not share a common landscape perspective 2011)-- what will it take to maintain
or have the shared leadership, ethics, ecosystems that provide lifsustaining
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benefits? It is time to move beyond isatak cultures as it is for Nature and healthy
management and restoration actions to broadly ecosystems. There are mangmrtunities to
integrated actions based on a comprehensive implement a comprehensive landscape
landscape approach. Such an approach is just as approach and the time to begin is now.
important for local sustainable economies and
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IX. Appendices Supporting Material for Section Il

A.Viable Salmonid Populations

The Vision and the Scientific Foundation and
Principles of the Gombia Basin Fish and

Wildlife Program highlight fish and wildlife
abundance, productivity, and diversityguide
habitat restoration (NPCC 2009). A similar focus
emerges from a NOAA guidance document
(McElhany§ &G | f @ Hnnno sz
salmorh R LJ2 LJdzfah iddgpendeént
population that has a negligible risk of
extinction over a 10§ear period. McElhany et
al. (2000) identify four factors, three of which
mirror the foasof the Columbia Basin Fish and
Wildlife Programgopulation size, pagation
growth rate, and diversily plus one additional
factor, spatial structurewithin and among
populations. All of these ultimately require a
landscape approach.

Population sizas the number, oabundance of
individuals in a population averageger time.
Small populations are more vulnerable than
larger populations to environmental variation
and disturbance, loss of genetic and phenotypic
diversity, and depensatory effects (negative
changes in population growth rates that occur
at low numbers)Population size reflects the
guantity and quality of habitats. Habitat extent
or area can be an important determinant of
population size and risk of extinction (see
Appendix IX.D)

Population growth rate or productivity is the
rate of increase in popation size over a
generation. Population growth rate is typically
highest at low population size, when intra
specific competition is negligible, and provides a
measure of the capacity of a population to
recover from disturbance or added mortality
Populaton growth rates vary through time, as
abundance and environmental conditions
influence individual growth, survival at different
life stages, fecundity and reproduction.
However, populations with consistently
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negative population growth rates are doomed

to extinction. From a landscape perspective
population growth rates depend on habitat
quality and capacity, and on connections among
staging, spawning, rearing, refuge, and
migratory habitats that must be linked through
space and time to complete the life dgc

g K A O rOiversByrefers ® ghe variey ¢f nangji¢ ahd

phenotypic characteristics among individuals
within populations and among populations.
Diversity allows a species to use a wider array of
environments, contributing to higher
abundance and productivityna greater

stability as environmental conditions change.
Diversity is the raw material for adaptation to
future environments (Appendix IX.C). Diversity
depends on the range and spatial distribution of
habitat conditions, which are the template
against whib diversity evolves and is
expressed.

Spatial structurerefers to the geographic
distribution of individuals in a population and
that of the environmental conditions and
processes that generate that distribution. Most
Pacific salmon exist asetapopulatonsmade

up of a number of partially, geographicaind
reproductively isolated subpopulations that are
connected by moderate levels of movement or
migration (e.g., straying may link
subpopulations of a salmonid metapopulation).
Thus, spatial structure depends on the dispersal
abilities of individuals, asell as on the spatial
configuration, quality, and dynamics of the
habitat (Appendix 1X.D).

As described above, abundant, productive, and
diverse fish and wildlife populations depend on
the spatial and temporal patterns of

distribution of habitats and othe processes

that create and maintain those. Thus, effective
conservation and restoration require a
landscape approach.



B. Classification Systems for Land and
Water

Four integrative approaches promise to
fundamentally change management in theame
future. They are NetMap
(www.netmaptools.orgj, River Styles
(www.riverstyles.com/publications.plpthe
insightful use of remote sensing, mwels and
statistical analyses (Beechie and Imaki 2011,
Whittier et al. 2011), and the use of catenae in
the estuary (Si Simenstad, University of
Washington, personal communication. Equally
important, the emergence of an essential
regional database providdimks of commonality
among various classification systems.

NetMapis an integrated suite of numerical
models and analysis tools (Benda et2807).
NetMap develops regionalcale databases in
support of watershed science and resource
management, automas numerous watershed
analyses for diversifying resource management
options, and improves tools and skills for
interpreting watershedevel controls (e.qg.,
disturbances) on aquatic ecosystems. Hillslope
attributes, such as erosion potential, sediment
suppl, road density, forest age, and fire risk are
aggregated down to the channel habitat scale
(20200 m) allowing unigue overlap analyses,
and they are accumulated downstream in
networks revealing patterns across multiple
scales. Watershed features are aggated up

to scales of ~10,000 ha, allowing comparative
analyses across large catchments and
flyRAOKLISad® bSihal Ll O2yi
manuals and reference materials, including a
library of 50 catchment parameters.
Collectively, NetMap and the hypantkis provide
decision support for forestry, restoration,
monitoring, conservation, and regulation at
large spatial scales and for complex situations

5S@St 2LISR A yRiver&ylésNT £ A I X
approach is receiving some international
acceptance (Brierlegnd Fryirs 2008, Brierley et

al. 2008). In this approach, streams and rivers
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are considered the focal points for all land
based changes, as they are the lowest
elevational features of the landscape. The River
Styles approach attempts to maximize
prospectsfor improving stream and river
conditions while maintaining or enhancing the
LINE GAAaAA2Y 2F yI Gdz2NBQa
inform river management, provides a coherent
set of guiding principles, and emphasizes c¢ross
disciplinary understanding built cnlandscape
template. Collectively, River Styles offers a
positive, practical and constructive focus that
directly addresses the major challenge of a new
era of river conservation and rehabilitatian

that of bringing together the diverse and
typically dsciplinebound sets of knowledge

and practices that are involved in repairing
rivers. A drawback is that the same
classification may result from several
contrasting driving forces.

The use ofemote sensing, models, and
statistical analysess fundamentdy

transforming the scope of classification efforts.
As an example, these have beapplied In the
Columbia Riverdsin to evaluate the roles of
slope, discharge, valley confinement, sediment
supply, and sediment calibre in controlling
channel patterns andtream across the entire
~600,000 krhlandscape (Beechie and Imaki
2011). Channel classification at this spatial scale
is unprecedented, representing an important
advance for habitat restoration. For instance,
using linear discriminate analysis (LDA), dbg
and Imaki quantitatively determined that the
slrgight; megnderigjgantiaided @ndyx & g o
braided channel patterns aré best distinguished
by a model including all variables listed above
except valley confinement, with 73% overall
accuracy.

The use ofemote sensing, models, and
statistical analysess equally important in
clagsificatiog, based on natural features and
human alterations, of Pacific Northwest
hydrologic unitsEigure IX.L This type of
classification is central for guiding salmonid
reseach and management at the scale of the
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Columbia Basin (Whittier et al. 2011). Due to
0KS KAIKE &
landscapes and the large geographic freshwater
ranges of Pacific salmon, it is not clear whether
restoration practices that redted in increased
salmon production in one Intensively

Monitored Watershed (IMW) will be effective in
other places. A landscape classification based

on natural features known to be associated

(either positively or negatively) with salmon
production can dehe areas of similar natural
potential. The classification approach

developed by Whittier et al. (2011) indicates

areas that are sufficiently similar that particular
restoration actions could be expected to have
similar results, as well as areas that are

sufficiently dissimilar for there to be less

certainty about the chances of success. This
framework is also useful for evaluating whether
IMW projects are well distributed among the
naturatfeature landscape classes or whether

Fye daal fyY2vyaehdcedrReEy !l LIS & €
included. For instance, for Basin areas east of

the Cascades, this approach revealed that
projects tended to be located in transitional
ecological zones. This suggests the need to

place additional IMWSs in areas more centrally
located within Edaside landscape classes (i.e.,
non-transitional areas).

The impetus for a modern landscape
classification system in the Columbia River
estuary has arisen from the lack of a clear
accounting of the diverse ecosystems that
comprise the estuary and from regiaments
under the 2008 FCRPS BiOp to establish a
hierarchical classification system (S. Simenstad,
University of Washingtor® Thus, the
NEO23ayAlGAzy 27
dynamic feature, affected especially by fluvial
and sedimentary forces whidn turn influence
vegetation, has required reference to the
classical topographic description of areas where
different soil types erode and deposit in
relationship to the direction of water flow.

Milne (1936) coined the termatena from the

18 www.nweouncil.org/fw/program/2009spe
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Latin for clain, for these areas. While the term

RAGSNES OKI Nha®hieénN3ed by boiakists andlsdil cglaysts

for decades, it has been applied only recently to
flood-plain salmon habitat. Catenae are the fifth
level in the classification hierarchy of estuary
landscapes (ecosystenmnqvince, ecoregion,
hydrogeomorphic reach, ecosystem complex,
geomorphic catengprimary cover class). A
complex of 27 geomorphic catenae has been
described for Reach F in the Columbia River
estuary Figure IX.2 Geomorphic catenae
include, among othergleep channels,

floodplain channels, floodplain islands, natural
levees, side channels, tributary channels and
wetlands. Ongoingasearch by the USGS and
University of Washington, in collaboration with
the Lower Columbia River Estuary Partnership
(BPAProject 2003007-00: Lower Columbia

River Estuary Ecosystem Monitorinig)testing
relationships between these catenae and
juvenile Chinook salmon residency and feeding.
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FigurelX1. Map of the8,438 sixthfield hydrologic units (HUCG) in the Pacific Northwi&sim Whittier
et al. 2011).

102



Legend
Modifiers __Floodplain channel islanc

€ Lake or wetland
o€ Lake/pond
Altered hydrology =~ @ Lake/pond island
~ Diked (" Landslide deposit
~ Partially diked ~ Natural levee
Geomorphic catena  ©  Side channel

€ Artificial water body ®® Terrace
~ Artificial beach/bar &% Wetland
#4€ Developed floodplain  Tributary (minor)

O Filled areas 04 Tributary fan

(" Beach/shallow (" Tributary valley

®€ Bedrock @7 Unknown

0% Crevasse splay @4 Intermittently exposed
" Dune deposit ®¢ Permanently flooded
®4 Floodplain ®% Deep channel

(" Floodplain channel ®% Unknown depth

FigurelX2. Geomorphic catenae described for Reach F in the Columbia River gétoarys.
SimenstadPniversity of Washington).
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An Essential Database

A valuable addition to aid in habitat
classification has been tlieRNW Habitat
Classification Systems (PHaCS) Datal¥dss is
a componem project of theNorthwest
Environmental DatdNetwork, an information
portal sponsored by federal, state, tribal and
non-governmental entities to improve the
guality, quantity, and availability of regiah
fish, wildlife, and water data. It is hosted by the
Northwest Habitat Institutén partnership with
the National Biological Information
Infrastructure (NBII).

Habitat classification systems differ greatly
throughout the Pacific Northwest, often
complicating datssharing and collaboration.

The PHaCS database attempts to crosswalk and
establish threads of commonality among the
different habitat classifigtions within the

region. Crosswalking ésprocess of mappg
elements from one standard or schema to
another baed on definitions or semantics. It
has been used to establish connections
between different Habitat Classification
Systems and thinteractiveBiodiversity
Information System (IBISkhich wagleveloped
by the Northwest Habitat Institute and used as
the common reference system for this
database. Theatabase tooprovides, when
availabe, information about the habitat
classification systems in the PHaCS; the habitat
categories and definitions of the systems;

104

associated and complementary systems; and
IBIS habitat types, structural conditions, and key
environmernal correlates, includingrossvalks
from each system to IBIS.

The Columbia River EstuagyA Special Case?

The various goals of specific management
agencies in the Columbia River Estuary often
require their own classification systems. As a
result, the relatively simplistic habita
classification schemes of earlier decades have
fallen by the wayside. Further, satellite imagery,
LIDAR, side scan sonar, geopositioning and
Geographic Information Systems have all
advanced mapping in th€olumbia River
Estuary(Garono and Robinson 2003%:till
unknown, however, is the functional
importance of habitat units to juvenile salmgn
a major data gap that hampers the use of
mapping resultsiefenderfer et al. 2011

The catena concept (described above) is now
being applied to a tidal freshwer reach in the
Golumbia River Estuaignd appears to be an
advance in framework for a landscape planning
and management. Currently, progress is being
made on the quantification of relationships
between catena and juvenile Chinook salmon
residency and feding. Most importantly, this
approach involves the broader research and
stakeholder community, which harbors well for
its eventual acceptance.


http://icontoo.com/PHaCS/PHaCS.aspx
http://icontoo.com/PHaCS/PHaCS.aspx
http://gis.bpa.gov/Portal/
http://gis.bpa.gov/Portal/
http://nwhi.org/
http://www.nwhi.org/index/ibis/
http://www.nwhi.org/index/ibis/
http://icontoo.com/PHaCS/PHaCS.aspx

C.Adaptation, Diversity, and
Restoration

'y 2NHlIyAayYQa FoAfAGe
reproducein a particular environment (its

a ¥ A U) dependson its physical traitsd
0SKIF@A2NI f NBLIS N)h%meNJS
laLsSota 27
enough to allow rapid acclimatiao changing
conditions (behavioand physiologial
responses), whereas others change only slowly
(developmental responses) or not at all. Some
phenotypes can thrive in a wider range of
habitats than others or can tolerate greater
changes irenvironmental conditions. Such

the phenotypic diversity observed within

species inhabiting heterogeneous landscapes
where they are exposed to a wide range of
habitats and climatic conditions (Healey and

t NAYOS moppp0o® | 25SISNE
phenotype ultimately is determirgeby genetic
adaptations that have evolved over many
generations, through natural selection in
particular habitats and environmental

conditions (Williams 1966].hus, a genetically
RSGSNX¥AYSR
phenotypic plasticity is expresg in different
environments (reviewed by Pigliucci 2001) and
phenotypic plasticity is itself an adaptation to
environmental conditions. Ultimately, it is the
heterogeneous environmental template that
generates and maintains the diversity of genetic
and plenotypic specializations that determine
fitness.

By enhancing the average fitness of individuals,
genetic&R |l LG GA2y (2 €201t
I R LJ( )caningr¢ase the productivity of

the population as a whole (Lannan et al. 1989).
Typically, adapattion to a particular habitat
results in a population that is more productive
in that habitat than would be other populations
of the species that are not adapted to those
conditions. Thus, the collective productivity of
organisms in a landscape comprising
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heterogeneous habitats will be greatest when
they have evolved (and are maintained) as a
diversity of spatialhyseparated populations,

(1 2Ch{oGAA%ap S0 theifpgricylar hapitt.

t NERAZOGAGAGE SYyKIyOSa

5 %angaan L%@P ,Lylfabgny_ jg‘l(g capacity to
'y AYRAGARdZ F?“H'Qe epqledic! 9qp@s anel serviges (Landeg & 5 5 ¢ &

988). Continuirig local adaptation in a
heterogeneous landscape results in the
evolution of diverse life histories that maintain
productive populations and can result in new
species (Lande and &mon 1996). This concept
of continuing evolution can explain why, for
example, prior to human activities in the last

GLIKSY 2 (i & LAaCrountf for duthod A ( & ¢ century, salmonids had been able to inhabit

virtually every freshwater body on the west
coast of North America that was accessible to
anadomous migration (McPhail and Lindsey
1970, 1986).

I }\/ .2 NHI
5AJSNAA
(i.e., the diversity of genotypes and
phenotypes) also provides at least two
additional benefits. First, an aggregate of
populations, each with its spetized

@Bp}\atéops has a wide variety of phenotypic
characteristics (e.g., migratory habit and timing,
longevity and size, color, etc.). This diversity
provides practical and aesthetic benefits (Diaz
et al. 2006). For example, diversity in migration
timing can enhance ecological services by
extending the seasonal availability of salmon to
food webs and fisheries. Within each life history
type, spawning salmon are typically available to
natural predators and fisheries for only about
one month each year, buhe overall period of
@RI [5 fyRically muph greates fog the
coIIectlon of populations in the landscape
(Figure IX.B For instance, Chinook salmon
historically were found spawning somewhere in
the Sacramento River in each month of the year
(Healeyl991)and adults entered the mouth of
the Columbia River almost continuously
between February and late November (Waknitz
et al. 1995)
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FigurelX3. Annual run timing to fishing districts agtteams a. Cumulative returns (catch plus
escapement) to each of the major fishing districts in Bristol Bay forZY. b. Comparison of the
dates of occupancy (dot, peak; line, occupancy period) in spawning habitats where sockeye salr
availableto predators and scavengers for 30 populations in the Wood River system (from Schind
al. 2010).

Second, a diversified portfoliaf local the landscape (EImqvist et 2003), producing
L2 LJdzf F GA2ya LINB@KIRSE Al AdBY FOSOA | { (IshdkRtMIBMB,E A2 ST
changing environmental conditions. Populations ~ Moore et al. 2010). Loss of unique, isolated

with different adaptations are likely to have populations through local extinctions or
distinct responses to changing environmental homogenization thragh straying among
conditions, such that productivity increases for populations (such as may result from hatchery
some and decreases for others (reviewed by releases or transportation of smolts) tends to
SKAYRf SN YR w23ISNE H A thaedse syKchrany @iy debd@ining S

RA @S yénévaliyeréduces temporal variabylit populations and so decrease stability (ISAB

in productivity summed across all populations in 2005, Ayllon et al. 2006, McClure et al. 2008).
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As an examplegdaptive diversity within and
among sockeye populations reduces y&ar

year catch variability in the Bristol Bay salmon
fishery(Hilborn et al. 2003, Schindler et al.
2010). In contrast, recent high yetr-year
variation in returns of Chinook salmon to the
Sacramento River is blamed on loss of the high
diversity of local populations (and habitats) that
once buffered their overall abundance; current
fisheries are supported largely by only four
hatcheries that produce mostly fall Chinook
salmon (Lindley et aR009).

Gustafson et al. (2007) conclude that historical
levels of salmon abundance in the Columbia
River Basiprobably would not have been
sustainable without a diverse assemblage of
populations adapted to a variety of local
conditions. They estimate that about 29% of an
estimated 1,400 populations of Pacific salmon
in the US Pacific Northwest and Californiave
gone extinct since EurAmerican contact and
that these extinctions have removed significant
proportions of the original ecological (33%), life
history (15%), and genetic (27%) diversity. That
substantial diversity still remains (albeit much
of it endargered) is testimony to the past
resilience of these species (Gustafson et al.
2007).

Loss of historical genetic diversity and spatial
structure likely constrain the potential for
restoring abundance and productivity in the
Columbia River Basin. Gendligersity is the

raw material of evolution, and genetic drift due
to random events in very small populations
limits the ability of natural selection to generate
or maintain adaptations (Adkison 1995). Thus,
loss of genetic diversity and increased genetic
drift in depleted populations can be expected to
limit adaptive capacity, as well as to reduce
average productivity and viability of
populations. Future conditions in the Columbia
River Basin will be shaped by the continuing
anthropogenic change in physi@aid biological
(e.g., nonnative species) aspects of habitat and
by global changes in climate (ISAB 2007
2007-3, 20084). Evidence is accumulating that
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Pacific salmon populations in the Columbia
River have already responded differently to
climate chang (Levin 2003, Tolimieri and Levin
2004, Crozier and Zabel 2006) and will continue
to do so (Waples et al. 2008).

In such circumstances, it seems unlikely that all
biodiversity can be protected. Demographically
isolated populations are basic units of
consrvation and restoration, and decision
makers need scientific advice about the likely
ecological and evolutionary consequences of
losing populations (Wood and Gross 2008). Past
efforts to transplant or réntroduce organisms
from one popudtion to anotherindicate that
GSO02t23A0L ¢
among populations. Some fish populations can
be transplanted easily, both within and beyond
their natural range (e.g., rainbow trout and
largemauth bass, Gozlan et al. 2010Xhér
populations can bé&ansplanted only with great
difficulty or not at all (e.g., anadromous sockeye
salmon, Wood 1995).

Phenotypic plasticity can enhance ecological
exchangeability. For example, anadromous
sockeye runs extirpated 90 years ago by
hydroelectric dams on thelduette and
Coquitlam rivers (tributaries to the lower Fraser
River) were recently restored (adults returning
every year since 2007) by spilling water to
pr2Y20S (KS
121 ywBiéharé the progeny of nen
anadromous sockeye opulations that

managed to persist in the reservoliehind the
dams (Godbout et a011). A similar

experiment in progress on the Deschutes River
produced seaun kokanee smolts in 2010.

These results underscore the message that both
habitat and genet diversity are essential for
restoring phenotypic diversity.

In sum, a landscape approach to restoration
should:
1 maintain or augment the range of
habitats to allow reexpression of the
fullest possible range of phenotypes
Response diversity will be lost if the range

VarleOmdely 3 S oA £ Al
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of habitats encountered becomes conditions but that might be favored in

restricted because phenotypic plasty restored habitats or future climatic

KFa | 3SySocntof 6 &A & 06 G K&ndiionsGenetic diversity is traw

NEB | O that Bighérs development), material that constrains the rate of

which evolves in response to prevailing adaptation and, hence, average

environmental conditionsg(McClure et al. productivity under future conditions. A

2008). diversified portfolio of local populations
also increases the odds that at least some

maintain existing genetic diversity and populations will remain viable and persist

seek to prevent further loss of genotypes under futureconditions (McElhany et al.

that are not well adapted to current 2000)
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D. Spatial Structure

Spatial structure of habitats influences
biological processes at the levels of genes,
individuals, populations, and communities
(Kareiva 1990). As early as 1931, Sewall Wright
suggested thaevolution might proceed faster

in spatially separated populations that were
subject to local extinctions and recolonizations.
Andrewartha and Birch (1954) described wildly
varying insect populations characterized by
local patch extinctions frequently folved by
reestablishment of the population in the
vacated patch. Richard Liag (1969) introduced
0KS
spatially distributed population whose dynamics
were determined by extinction and
recolonization of local subpopulatis. Island
biogeography expresses the idea that both the
likelihood of persistence of a population and
the number of species (which are persistent
populations) incrase with the area of an island
or habitatpatch (MacArthur and Wilson 1957
Until recently most studies of fish and wildlife
habitat associations have been at the scale of
local habitat units (e.g., from pools and riffles to
reaches of streamHowever, since movement

is a primary mechanism by which fish and
wildlife can respond to changestimeir local
environment, spatial structure of habitat is
important to the dynamics and viability of a
population. Since population viability has
become of great concern, spatial structure of
habitats and populations is a leading concern
for conservation ad restoration (McElhany et

al. 2000).

Levins (1969) originally defined a
metapopulation as a set of subpopulations of a
species that occur as local populations in
patches of similar habitat among which there is
some movement of individuals, which causes
their population dynamics tbe partially
uncorrelated. The different patterns of growth
and decline among the local populations mean
that all do not experience bad environmental
conditions (e.g.from bad weather or a disease
epidemic or a forest firedecrease
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dramatically or become extinct at the same
time. Populations that experience better
conditions can serve as sources of dispersing
individuals that recolonize or replenish the
populations of areas that have experienced bad
times. Following this ldg, the reserve design
for northern spotted owls recommended by
Thomas et al. (1990) used spatial structure of
patches in a larger landscape to promote the
longterm viability of a population. Rieman and
Mclintyre (1993) proposed a similar design for
bull trout. Fishing exploitation that ignores the
spatial structure and differing productivities of
local populations in a larger metapopulation

0 SNXY & Y Sdidescadd adzt I (i A 2 §a resultin the lost of genetic diversity and

threaten the whole metapopulation (NRC
1996:145163).

G { 2 daNiyBtapopulationsnhabit patches
of habitat that differ in quality. Habitat patches
of good quality that support reproduction more
than sufficient to replace adults with young are
G a 2 dzNeEcSuse their growing populations
can serve as sources of emigrahat leave

and settle in other patches. Habitat patches of
quality too poor to support reproductive rates
sufficient for replacement, in contrast, are

a a AXyBécause their populations decline
unless they are supplemented by immigrants
FNRY @& NI soutck patches
can be functionally independent, but sink
patches are dependent on immigration from
elsewhere. Whether a local population can be
maintained by its local habitat (i.e., is
independent) is an important consideration in
recovery planing (e.g., Oregon Coho salmon,
Wainright et al. 2008)

LY aXaAANYRYRE
SELISOGa GKS aAratl yRa¢
to contain some subset of the species present
2y GKS
of species in a hatait patch increases with time
for species to have located and colonized it (in
the case of new patches) and size of the patch
(larger areas can support more populations).

Schlosser (1995) and Schlosser and Angermeier

YSGIF L2 LJdzf | G A

f I NEb&albedhe huinget | y R



(1995) explored the implications of tee ideas
for conservation of species like Chinook salmon.

Most natural populations occur across a
network of sentrisolated or isolated habitatso
are spatially structured, but it is probably rare
that they perfectly fit the definitions of an
islandmainand, sourcesink, or classic
metapopulation (e.g., Dunham and Rieman
1999). Nevertheless, current usage loosely
identifies all such populations in which local
subpopulations interact as metapopulations.
The metapopulation concept emphasizes the
importanceof pattern of habitat patches (i.e.,
their size and locations) and movement of
organisms among those patches.

Size of habitat patches is important because
larger areagan support larger populations,
whichare less vulnerable to extinction (Lande
1993).Populations spread over larger areas (or
spatial extents) are less vulnerable to localized
environmental disturbances (White and Pickett
1985) Studies of fish and wildlife have
confirmed the importance of both the amount
and the spatial arrangement of hdat to the
persistence of populations (Lamberson et al
1992, Dunham and Rieman 1999, Flather and
Bevers 2002, Isaak et al. 2007).

Bull trout in the Boise River (Dunham and
Rieman 1999) and Chinook salmon in the
Middle Fork Salmon (Isaak et 2007) povide
examples of populations that appear dependent
on spatially structured stream environments.
The most important predictor of the presence

of bull trout was habitat patch size, followed by
distance to the nearest occupied patch, and
then road density ithe patch, which is thought
to reflect habitat quality (USFWS 2008). The
strongest predictor of Chinook salmon nest
occurrence was the connectivity of a patch to
neighboring occupied patches (Isaak et al.
2007), followed by size of the patch. In this
case both connectivity and patch size exceeded
the importance of local habitat quality.
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Habitat fragmentation is one of the major
threats to populations and it poses significant
issues for managers of vulnerable populations
occupying fragmented landscapedintate
change may aggravate those problems,
particularly for fishes where habitat suitability is
constrained by water temperature and flow
(Rieman et al. 2007, ISAB 287 Theoretical
studies have shown that the optimal strategy in
protecting habitat fora vulnerable species
depends on metapopulation parameters (local
rates of birth, death, immigration, and
emigration). Such models can be used in
restoration to consider whether to increase the
size of existing patches so as to influence local
demography oto create new patches that
influence the connectivity of populations (Isaak
et al. 2007, Hodgson et &009).

There is a need for better models to assess the
relative importance of habitat attributes and
provide guidance as to the effectiveness of
increasing habitat size, improving habitat

quality, or changing connectivity among existing
patches (Isaak et al. 2007, Nicol and Possingham
2010). Even when the details gaot be refined,
actions must be guided by recognition of the
importance of spatial streture to the resilience

of populations (ISAB 20&.



E.Linked Habitat and Life History
Models

An important step in largecale conservation
and restoration is evaluation of the relative
benefits of different actions and potential
locations forimplementation of those actions
(ISAB 2002). Population models offer a useful
way of exploring such tradeffs, particularly
models hat incorporate effects on lifstage
specific survival or production capacity in
response to habitat characteristics thaay
vary with landscape context and restoration
action. Nonethelessirking life history
characteristics to habitat remains a challenge.
Management for widaganging species must
include vast spaces, such as watersheds and
regions. This requires managensd decision
makers to consider many quantitative and
gualitative models to develop laregcale
multispecies management strategies.

It has been nearly a decade since the ISAB
reviewed the models used for habitat
improvement decisions in the Columbia &iv
Basin (ISAB 20@). Since then, models such as
Ecosystem Diagnosis and Treatment (EDT) have
been widely used to develop subbasin plans and
continue to play significant roles in setting
restoration priorities. Further,ite Columbia
Habitat Monitoring Pogram (CHaMP, project
2011-:006-00) and the Integrated Status and
Effectiveness Monitoring Program (ISEMP,
project 2003017-00) rely on habitat data to
calibrate fishhabitat models to evaluate
restoration effectivenes$’

Modeling fislthabitat relationshps is not a new
endeavor. For salmon in particular, a rich
literature dates back at least 30 years,
describing how changes in the quantity and
guality of habitat affect the survival of specific
life stages (e.g., Tappel and Bjorn 1983,
Chapman 1988). Althugh some have modeled
the influence of irstream habitat attributes on

19 Seewww.nwecouncil.org/library/isrp/isrp2011
10.pdf
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the survival of salmon at specific life stages
(e.g., McHugh et al. 2004), only recently has this
been done for the entire life cycle,
demonstrating the importance of various
habitat changes to overall population dynamics
(e.g., Greene and Beechie 2004, Sharma et al.
2005). Additionally, changes in land use
continue to affect salmon through their indirect
effects on habitatforming processes. Predicting
the impacts of such changes torsain habitat
requires a holistic modeling perspective that
captures not only the expected future
population size, but also information on stock
productivity, spatial structure, and the diversity
of life-history types (Lichatowich et al. 1995).
Further,manystream fishes require a landscape
that contains a mosaic of habitat types, and the
diverse array of foods they produce, to
complete their life cycles (ISAB 26B32011-1,
Wipfli and Baxter 2010

Many basic questions remain: Do models
produce accurateasults? Are they useful for
prioritizing restoration actions at the landscape
scale? Andvhich of the thousand potential
sources of imperilment are most likely to
improve species status (Bartz et2006)?
Several recent advances are helping to answer
these questions. These include the Shiraz
model, improvements t@nd a sensitivity
analysiof the Ecosystem Diagnosis and
Treatment (EDT) moded,framework that
combines a population viability analysis (PVA)
model for one or more species populations with
areserve site selection (RSS) model to define
alternative habitat improvement activities, and
scenario planningOther modeling frameworks
potentially useful in landscape scale analyses
are being explored as well (e.g., Peterson et al.
2008,Peterson2011)but have not been widely
applied within the Columbia Basin, so we focus
consideration on the first four.

The Shiraz Modek a tool for incorporating
anthropogenic effects and fighabitat
relationships into conservation planning
(Scheuerell et al. 2006t usedetailed
information on densitydependent population
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growth, habitat attributes, hatchery operations,
and harvest management to support
conservation planning in a timearying,

spatially explicit manner. The model relies on a
multistage BevertogHolt model to describe the
production of salmon from one life stage to the
next and uses information from the literature to

uncertainties, indicating that EDT may
nevertheless be useful as a relative measure of
fish performance. At true for all large models,
output of EDT should be as input to other
models or tools only if the uncertainty in the
output is incorporated into the secondary

construct relationships between the physical
environment and productivity and capacity
parameters. It has been applied to a threateh
Chinook salmondncorhynchus tshawytschin
the Snohomish Rivdrasin Washingtor(see

Sidebar IV.5), with data on hatchery operations

and harvest management forthd bd A y Q a
to show how proposed actions to improve
physical habitat throughout & basin would
translate into projected improvements in four
important population attributes: abundance,
productivity, spatial structure, and lHiistory
diversity. It has also been used in the
Wenatchee River basin tonvert suites of
restoration actionsnto expected changes in
habitat condition, enabling evaluation of
alternative combinations of proposed actions
(Jorgensen et al. 2009). Further, it provides
inputs to models that relate population status
to habitat conditions. In the latter case, it was
discovered that Chinook population status

analyses.

While theEDT modekioften used as a sole
decisionmaking tool in the Pacific Nibwest,
Steel et al. (2008) have demonstrated that this
model can be incorporated into a more robust
decisionmaking scheme that includes

& (i ateédriativas such as expert panels or-6GéSed

landscape analyses. It can be included in a
scenariebased decisiosupport process to aid
in evaluating watershedcale management
plans for many species. The concurrent use of
many types of models and a spatially explicit
approach enables analigsof the tradeffs
among types of habitat improvements and
among improvement different areas within

a watershed.

The modeling framework combining PVA and
RSShelps identify the most costffective set of

watersheds to protect when the conservation

objectives include the lonterm persistence of

could be significantly improved by restoration
that reduced the percentage of fine sediments

in the streambed, which has a large influence

on egg survival, more so than by opening access
to habitat in good conditio (Honea et al. 2009).

one or more salmon stocks (Newbold and
Siikamaki 2009). Substantial gains in €ost
effectiveness can be achieved usmiully
integrated optimization approach that accounts
for the spatial interactions between sites and
uses all available information on biological
benefits and economic costs. For instance, the
results for three Columbia River subbasins
suggested 79% ohe biological benefits could

be obtained at 10% of the cost of protecting all
upstream watersheds, compared to 20% to 64%
of the biological benefits from using
contemporary methods. The approach does not

The Ecosystem Diagnosis and Treatment (EDT)
Model, which predicts salmon productivity and
capacity as a function of ecosystem conditions,
is complex and uses almost 50 environmental
attributes to characterize habitat conditions,
each attribute requiring a quantitative
relationship with population performance. It
KIa 0SSy &adze2S0uSRK
aSyardAagarite FylfeairaqQQ dsaitcalfel.l spadial lbkages drtihe influenca 0 = | Y
the results suggest that EDT productivity and of habitat area on persistence. Nevertheless,

capacity predictions lack thgrecision needed the approach has strong potential for improving

for many management applications. However, site selection for restoration.

EDT prioritization of reaches for preservation or

restoration was robust to given input
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Scenario Planningas gained appeal for
conservation planning by forecastiaiernative
futures under different management scenarios.
Used to predict how habitat and fish will
respond to potential future trends in land use
due to human population growth and riparian
conservation policies, it provides useful insights
into paths forcosteffective restoration
(Fullerton et al. 2009, 2010). Most importantly,
evaluating alternative future scenarios using
simulation models is useful for planning over
large spatial and temporal scales. Such an
approach is still useful when predictionsncat

be validated empirically; however, evaluating
the sensitivity of scenaribased approaches to
important uncertainties is necessary so that the
impact of realworld constraints on results can
be considered.
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X. Appendices Supporting Materials fd&ection IV

A. Case History: Willamette Basin of
Oregon

The Willamette Basin is an example of
socioeconomic engagement, a landscape
perspective, and governance and collaboration
of very large and diverse populations. The
example of the Willamettés one of an

emergent process in contrast with something
that is more centrally directed. The
socioeconomic engagement techniques are
broadly based. Two examples are the leadership
and public engagement of Governor Tom

MccCall to initiate landuse plannindor the

purpose of preventing urban sprawl the early
1970s (McCall 1973nd Governor John

YAGT KFoSNRa AyAGAFGAZ2Y
get conservation and restoration actions on
private lands to help restore habitat for
endangeed salmon populatios (Kitzhaber

1999. A landscape perspective is incorporated
in both landuse planning and the Oregon Plan
for Salmon and Watersheds (OPSW). The-land
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use planning process and watershed councils
provide the structure for governance and
collaboration. Adaptie management is widely
emphasizedut isstill in a developmental
stage.

The Willamette Basin is home to over two thirds

2T hNBI2yQa LRLMzZ I GA2YyZ Aa
government, and has a significant urban area at

the junction of the Willamette and Columa

Rivers. The Willamette Basin is over 29,006,km

LINE OARSAE mpx 2F GKS [/ 2f dzYo.
is a diverse landscape of urban, suburban, and
rural residential, agricultural and forest land
uses. The main river is 275 km with 12 major
watersheds thahave 371 dams and a federal
Broject gl raaigilIpog gontrgl anghy 4 ¢ 4
multipurpose damsHigure X.INOAA 2011).
¢CKS 2AffFYSGGS aX Aa
to consolidate multiple habitat restoration
actions under an overarching umbrella that
potentially offers administrative efficiency and a
landscaped F A SR a iGN 0 888.¢ oL { wt

02
2yS 2



@  Cities

Roads
= Rivars and Streams

[] Pranning units

] wiiamette River Basin
|| County Boundary

Mil L3P <
0 75 15 225 30 |4 o 4

FigureX1. Willamette Basin(Source: NPCC Willamette Subbasin Plan, [online]
www.nwcouncil.org/fw/subbasinplanning/willamette/plan/App%20H2_BaseMaysif.)

interests. Two of the major goals required
protection of natural resources and land and
water resource quality (Goals 5 and 6). The

The Oegon land use planning approach
(embodied in SB100, passed in 19R@sa
collaboration between urban and agricultural
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three decades to follow were setting up the

land use planning system and dedgliwith the
balance between economic considerations and
environmental conditions. In the 1990s, a new
set of conflicts around endangered species
issues led to a decade of action at the beginning
of the 21st century. The OPSW was the main
catalystfor theseactivities (Kitzhaber 1999

A series of loosely connected effodeminate

the first decade of the 21st century efforts to
conserve and restore environmental conditions
and maintain economic health. These efforts
include theWillamette Restoration Inititive

(WRI), Pacific Northwest Ecosystem Research
Consortium (PNWERC), Willamette Partnership,
Oregon Watershed Enhancement Board
(OWEB), NMFS Upper Willamette River
Conservation and Recovery Plan for Chinook
Salmon and Steelhead (Upper Willamette Plan),
ay R
Program (MMT)The results from these efforts
are emerging, but no clear and watleasured
outcomes with respect to fish and wildlife have
demonstrated success of the endangered
species efforts.

Led by Oregon St University President, Dr.
t df WwWA&ASNE dG¢KS
Initiative Board of Directors presented its
Willamette Restoration Strategp Governor
John Kitzhaber and&e Legislators on

February 21, 2001. The WRI report was
designed to create broader vision for the
watershed conservation and restoration efforts.
This became the Willamette Restoration
Strategy and was developed by a group of
citizeng the Willamette Restoration Initiative
(WRI) Board of Directors. The Board addressed
two key quesions. The first was whether the
Willamette Basin could accommodate more
people along with native fish and wildlife. The
aSO02yR gl ax a2Ke g2N]
(www.oregonwri.org/basin_strat.html

Science for the WRI was provided largely by an
Environmental Protection Agency (EPA)
sponsored, Pacific Northwest Ecosystem
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Research Consortium (PNWEBRE& &lebar

IV.3) and the related Willamette Alternative
Futures project. This PNWERC research projec
included scientists from the University of
Oregon, Oregon State University, and the
University of Washington. The project sought to
understandthedl 8 Ay Qa f I yR&aOl LIS
the mid 19th century to 1990. PNWERC
developed three alternativeasin futues to

2050. Coupled with the research was a program
to gain input from stakeholders, monthly far
years, with emphasis on laatse changes that
considered social and economic issues. The
research and outreach is an example for
gauging preferred approachés conservation

and restoration using a scenario approach to
accommodate a doubling ofthd a A y Qa
population.

KA

The three scenarios wereplan trend,

YR RS@St 2 LIV
assumed that existing loAgrm plans and

L32 £ A OA S Zontinée (HuRalet &R

HANHYYycO® [/ 2YASNDIGAZ2Y | aa
ASNDAOSEaE p2dA R LINA2NRGAT S
LI GGSNyad 5SSt 2LISyid | aadz
2NASYGSR FLIINRIF OKS&é¢ g2dzZ R
water use (Hulset al.2002:88). Although, as

2 At f I YBulsé shys whStakéhdldets praferrgd the
GO2YyaSNDIF A2y ¢ aO0OSYyIlI NAR2> O

0SSy @OSNE YdzOK GKS O2yiGAydz
i NB y R ¢ et al. 200%). Buther, a folloven

computer simulation project in which Hulse was

also a participant used the same scenariod a

showed that the three PNWERC stakeholder

scenarios were much narrower in scope than

could be conceived using a simulation approach

(Guzy et al. 2008).

During the period 2002004, the Willamette
Partnership was fulfilling a Northwest Power
and Conseration Council contract to prepare a

2 stbbésk planzfok thef WillahSetiel Thdptan

prepared by the Partnership was judged one of
the two top subbasin plans that the Council
received (ISRP/ISAB 2003). Subsequently, in
an effort to sustain funding for the Paership,

it became involved in developing an Ecosystem


http://www.oregonwri.org/basin_strat.html

Credit Accounting Systéefrand no longer was
involved in subbasin planning. A second effort
at trading ecosystem services is by Clean Water
Services, a Tualatin watershed utility. With the
Oregon DE(Clean Water Services started a
aeadsSy 27
oxygen demanding parameters and for
GSYLISNI (dzlB8¢ Ay Hnnn

Building on the Council sponsored subbasin
plan, developed by the Willamette Partnership,
is the NMFS (2010) Upper Willatte Plan. This
landscape approach receives support from
NMFS, the Council, Oregon lottery funds, and
the Meyer Memorial Trust and Bonneville

Gol GSNI Ijdzk £ A

Engagement has been nurtured by civic groups.
For example, the City Club of Portland began
the mobilization of community concern about
the poor water quality of the Willamette River

in 1927. The public weighed in very strongly in a
8 to DWItB R dufiporidivhtiBviof/te Ofegohl]
Sanitary Authority via a 1938 ballot initiative.
World War Il delayed funding to improve water
quality. Federal programs and university
scientists acted on the public desire for
improved water quality in the 1960s, and the
Willamettewas declared cleaned up in 1972
(Gleeson 1972; Starbird 1972). In the 1980s and
1990s endangered species concerwere

raised Court cases filed by advocacy groups

OYBANRYYSyY il fodeC\Waleysthetl (i A 2 ffreed resource managers to plan for species

Program (B=F 2009. The final draft of the
Upper Willamette River Ceervation and
Recovery Plan for Chinook Salmon and
Steelhead was released in August 2011.

Criteria

Socioeconomic engagement has been fostered
by many leaders, who have had a vision for the
2 At flYSGGS FaAY YR
landscape perspective isrerging with each
vision. The Oregon land use planning process
and OPSW provide a flexible, local, and
comprehensive governance system that
requires collaboration among land users and
managers. Adaptive management is an
emerging part of all activities assated with

the evolving landscape perspective.

Socioeconomic Engagement the Willamette
Basin socioeconomic engagement has been
strong. Understanding and actions have varied
considerably with the social, political, economic,
and scientific context.

2 seehttp://willamettepartnership.org/ecosystem
creditaccounting

L sSeewww.cleanwaterservices.org/Content/
Documents/Projects%20and%20Plans/Temperature
%20Management%20Plan%20Annual%20Report%20

2008.pdf
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restoration. Species restoration takes
consicerable time and actual successes are
limited.

Socioeconomic engagement comes from a
variety of leaders, their visions, and accessing a
broad variety of public participation

approaches. No one organization has been an

h N@%“’é"ég ysion '?aA(Z‘ib{ gfzﬁﬁig. lgneral, no

oné organization mobilized the engagement of
Willamette Valley residents, but over the years
there has been growing awareness of the need
for action. Socioeconomic engagement for the
Willamette Restoration Initiative was embodied
in CD, newspapénsert, and the networks of
opinion leaders who were on the WRI Board.
Most socioeconomic engagement activities for
land-use planning include use of print, radio,
and TV media. Surveys©fegonresidents

gauge support. Many debate forums are
organizedPublic participation in the discussion
is welcomed and NGOs are encouraged to
participate. The public is encouraged to express
itself in letters, discussion forums, and meetings
at all levels of government.

The most enduring organization for continuing
the socioeconomic understanding and
engagement is the Oregon lange planning
process, which brings economic considerations
and environmental conditions to bear in most
land-use actions. The organization of watershed
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councils encouraged by OPSW has the abje

of educating and working with private
landowners on conservation and restoration
projects. In an effort to create a web presence
for socioeconomic engagement, the Willamette
Explorer is a welbased tool designed to
provide background to the public
(http://willametteexplorer.info/index.php.

Landscape ApproaciThe diversity of both the

life histories and habitat use of Willamette
spring Chinook throughout the basin is an
excellent example of ¢nimportance of a
landscape perspective. Juvenile Chinook have a
broad diversity of life histories, migratory types,
and rearing habitats in the sblsins of the

entire Willamette Basin throughout the year.
Some migrate soon after emergence and
disperse tahe lower reaches of the Basin,

often using flood plains and small drainages
from agicultural land. 8me migrate directly to
the ocean (up to 41% of the age 0's PIT tagged
upstream of the Santiam River migrated to the
estuary attravel rates of 9 to 3km/d). Sme
rear until the following spring and migrate as
yearlings. Other @ge fish rear in upper
tributaries until the fall before migrating
downstream, and going either directly to the
ocean or to rear in tributaries of the migtem,
while others remin in upper tributaries where
they hatched and migrate until the following
spring. This continuum of life historidsigure
X.2 is a good example of bet hedging or a
portfolio effect that spreads the risk against
habitat loss and climate change, but also
emphasizes the importance of maintenance of
good rearing habitats throughout the basin all
seasons of the year.

Fry Migrants (Jan-May) I Fall Migrants Spring Migrants
(Oct-Dec) (Feb-Apr)
Jan-May
A
Willamette River
4
9 I Spring Rearing |
A 4 v
May:dun [ Summer Rearing ]_.l Over-winter |
Sep-Dec Feb-Apr { Oct-Dec Mar-May
\ A4
""" a Lower Willamette
9% Jun x ke Apr-Jun ‘ H * Apr-Jun
Columbia
J i 2 :
un v Apr-Jun * v ﬁjun
? A Ocean
<P  Hypothesized
P Likely
= Documented subyearling
-’ Documented yearling

FigureX2. Schematic representation of the migratory and reaudigersity in upper Willamette Riv
spring Chinook salmosstarting point at the top of the diagram is based on observed peaks of
migration from upper McKenzie River Areas (Schroeder et al. 2007:29).
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Several organizations are working to develop a
landscpe perspective. These include OWEB
that requires all watershed councils to make a
comprehensive assessment of their watershed.
NMFS in its recovery plan and Oregon
Department of Environmental Quality (DEQ)
with its water quality focus are engaging and
providing citizens with data, analyses, and
planning to improve landscape and water
guality, while being mindful of economic
considerations. The joint effort between
Freshwater Trust, Meyer Memorial Trust
(MMT), and Bonneville Environmental
Foundation (E&F)is trying to get the adjacent
Middle Fork Willamette, Long Tom, Marys River,
Calapooia, North and South Santiam, and
Luckiamute River Watershed Councils thinking
in terms of landscapes and the larger whole.
This project is in its early stages. NIMepper
Willamette Recovery Plan also includes more
specific fish passage projects at three dams,
temperature control downstream of another
dam, changes in downstream flows, screening
of irrigation diversions, improved hatchery
practices and facilities, and hadit

improvement projects.

Oregon land use planning brings a landscape
perspective by forcing consideration to protect
farm and forest land and constraining urban,
suburban, and exurban expansion. Larsgt
planning involves inventories of natural and
cultural features that are important. Both
landscape planning and EPA water quality limits
require identifying beneficial uses for humans.

Because of private property values in the
United States and Oregon, land and water use
decisions are made on a calsg-case basis.
Watershed organizations work on specific
projects or at best with integrated stream
reaches (Flitcroft et al. 2009), although the
MMT/B-EF relationship seeks to change this. As
a result of these discussions, more and more
citizens know the wateshed in which they live,
understand the connection between surface
and groundwater, and can identify the
important ecologies to conseevand protect
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(Shindler et al.1995 Wright 2000 Doolittle
2003).

Organize for Integration and Collaboratien
Actiors in the Willamette Valley do not move
forward without joint partnerships and
collaborations. Usually, every activity has
federal, state, and local government
participation; public and private partnerships;
engagement by statewide land use, fish,
wildlife, and forestry agencies; and local
participation of nongovernmental groups.
These collaborations tend to follow traditional
lines and bare traditional economic and
environmental divides. More and more
businesses are increasing their environmental
concernsand environmental NGOs are
increasing their economic considerations.

Collaborations of scientists are occurring and
science team partnerships are more
interdisciplinary. The greater interdisciplinary
character of science teams comes fromatinal
Sciencd~oundationand other grant
requirements. This has resulted in more
participation by scientists with socioeconomic
backgrounds.

NMFS Upper Willamette Plan brings together
water quality (DEQ), state resource agencies
(LCDC, ODFW, ODF), the Council, selecte
university scientists, watershed councils, the
Willamette Explorer, and environmental groups.
The NMFS response is the closest approach to a
landscape perspective with emphasis on the
role of the 13 major dams in the basin, but the
NMFS plan does not hawroadly integrated
socioeconomic and biophysical science teams.
The plan relies on a web presence and outreach
to many local organizations for feedback

Adaptive ManagementAdaptive management

is widely emphasized in the OPSW, NMFS Upper
Willamette Pan (Andersoret al.2003; NOAA
HANTOS GKS [/ 2dzy OAf Qa
the Northwest Forest Plan, the Oregon Forest
Plan, and watershed council projects.
Application of adaptive management faces

CAakK



many hurdles that include public unwillingness
to test system boundaries and limits, lack of
ability by those planning adaptive management
to bring the public into the process in its early
stages, the complexity of landscape systems
make testing hypotheses and developing
comparative analyses very difficudtnd the

time lags for restoration results to occur are
often very long. Further, the dynamics of the
landscape system makes for complexity that is
very difficult to understand. Thus far,
adaptation has followed more the direction
from continuing public egagement that drives
the system toward greater conservation and
restoration of ecological processes while
economic growth decisions continue many of
the past patterns.

Challenges and Lessons Learned

The Oregon landise planning approach and the
OPSW aréhe backbone of the evolving
Willamette Basin landscape perspective. These
statewide programs have been supplemented
08 GKS [/ 2dzyOAf Qa
DEQ/EPA water quality standards and planning,
a strong science component and collaboration
with state universities and agencies, a broad
variety of NGOs that represent a diversity of
public interests, and a history of collaboration

to work on the environmental conditions taking
into account economic considerations.

Overall, socioeconomic engageménas been
widespread in the Willamette Basin. The public
has been brought in early and a wide range of
communication techniques have been used to
engage the public and allowed for discussion of
socioeconomic issues. An often over used
approach to citizenmgagement is the public
meeting. Willamette Valley citizens have
expressed frustration with those hosting these
meetings as the only form of citizen
engagement because citizens feel their views
are often disregarded, their language is not
understood, andlteir local knowledge is not
valued. Many citizens prefer to be informed
early, have an opportunity to participate, and
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be active in debate about socioeconomic issues.
Citizens, however, have many priorities and
getting their engagement is not always easy.

A landscape perspective has been advanced by
scientists and the perspective communicated to
a substantial segment of the Willamette Valley
population. Scientific collaboration has
provided a national model in using a
comparative scenario approach. Goatsla
measures for a landscape perspective need
more specific development and tracking.
Oregonlanduse planning and the OPSW
provide an incentive for collaboration. Lande
planning provides rules for addressing
landscape issues and has procedures that
promote involvement and collaboration of
scientists and managers, diverse groups of
citizens, and interdisciplinary science teams.
Watershed councils created under the OPSW
have the objective of collaborating with local
landowners and educating the public.

Adgptiv n ent is mentipged K Mas

r% ourc%JEinyﬁ%%ogteﬁxts%jﬁs%rgc%é%till
has hurdles to overcome. Much is being
learned, but much of that learning is not being
archived and used for broader learning. NNIS
Upper Willamette Plan, OPSW,caRIMT/BEF
model watershed program strongly emphasize
adaptive management.

Challenges come from the interaction between
economic growth and landscape conservation
and restoration. The goal of Oregon lanse
planning is to stem the conversion of
agricultual and forest lands into development.
Landuse planning requires concentrating
population in urban areas. This continues to
require improved public education and
application of development, zoning, and
building codes. The continuing population
growth andrelated development decisions
appear to be moving the Valley away from
large-scale, landscape conservation and
restoration. Without more limits to exceptions
made by county officials and commissioners, as
well as better incentives to landowners for



benefigal land usesconservation goals cannot
be reached. For exampléhe Conservation
Reserve Enhancement Program (CREP) only
FLILX ASa G2 fFyR
incentive for protecting or keeping other lands
along streams out of production. Many

landowners who could use CREP do not because

they find the application process too
bureaucratic, or they do not trust government
(Gibson 2003). Another need is for better
coordination by regional technical assistance
teams to help counties to evaluate ldiise
policies many counties lack money and
expertise to coordinate with regional technical
teams.

Benton County, Oregon is a good example
within the Willamette Valley of successfully
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involving residents, local government, state
agencies, noprofits, ard scientists in plans to
evaluate water use, water quality, and improve

GAY  LINE tReldfaiisn 2nd svetlangsiof tHelbaindyA TReY &

have had active citizen advisory groups that
participate in implementing State requirements
for comprehensive planning for land uses,
including inventory of riparian, wetlands,
ground water, and water quality, and to
recommend actions. The problem for Benton
County is that this effort has been limited in
terms of generating dollars to sustain its goals.
This is the same situation faced byet
organizations that are unable to generate funds
to sustain subbasin social engagement,
integrated collaborative science and
governance, and adaptive management.
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B. Gse History: Moreton Bay
(Queensland) Australia

Moreton Bayrepresents a highly innovative and
successful application of landscape principles to
catchment restoration. The Moreton Bay
catchment covers 21,220 Kprcontains 14

major river catchments, and is highly diverse
socially, economically and ecologically (see
www.healthywaterways.ordor more
information). A strong body of scientific
information was critical for both effective
management and for illustrating the value of
communicating that information to

stakeholdes to motivate them to be involved in
the work and the decisions. One main driver for
change in Moreton Bay was increasing
community expectations about improving water
guality access and uses and the recognition of
the potential loss of industry viabilifpr

tourism, fishingand agriculture. A major
coordinated scientific research program
highlighted the key assets being endangered
and the potential of the Bay to improve the
OAGAT SyQa ljdz tAie 27
communication of scientific informatioto all
stakeholders and decision makers increased
confidence in the information presented to
them.

Moreton Bay is home for 270 bird species, 740
fish species, 40 outstanding tropical corals, and
several endangered sea turtles. While Moreton
Bay representsnly 3% of the Queensland
coastline, it produces 13% percent of the state's
commercial fish catch and supports ~30% of
Queensland's recreational income. Several
rivers feed directly into the Bagost notably

the Brisbane River (area >13,50®°), including
>850 km of river and lake bank. Economically,
the 1998- 1999 total trade through the Port of
Brisbane was nearly 21 million tons, valued at
AUD$13 billion. In 2000, tourism was
Queensland's second largest industry behind
mining, with visitors contribubhg AUD$12

billion to the economy. Sound economic
management requires that Moreton Bay's
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natural assets and resources bases be protected
and restored in order to support Queensland's
second largest industry.

These pressures led government, indusémyd
community stakeholders to work in close
cooperation to develop a Regional Water
Quality Management Strategya combination
of continuing local initiatives and new
management actions determined by
stakeholders and based on good scientific
information. Everially, the Moreton Bay
Waterways and Catchment (Healthy
Waterways) Partnership was formalized to
facilitate the implementation of the strategy
(www.healthy waterways.org).

An innovative regional planning approach for
managing the waterways and catchmeofs
Moreton Bay addresses key environmental
issues. Based on the need to restore the
ecological balance of both land and water, it is
crucial for sustaining the waterways and the
derived benefits they provide. It adopts a

¢ » holsts anpreash facysipasaantiony gl the

catchments, from the sources to the sea. The
regional plan is implemented tsiate agencies,
local governments, industries and community
organizations. Two key elements of the
approach are the development of a Regional
Water Quality Managemerstrategy and the
establishment of the Moreton Bay Waterways
and Catchment (Healthy Waterways)
Partnership. During the early stages of the
Strategy, development of a common and a
coherent visioff was agreed upon by all
stakeholders and this vision is usasia

GNI ffe@Ay3é F20dza (2
relating to the identification, prioritization and
scoping of technical investigations and for
obtaining agreement on management actions.

2¢KS OAarRWAG G BIAKEE F YRQA

and waterways will, by 2020, be &léhy living
ecosystems supporting the livelihoods and lifestyles
of people in soutkeast Queensland and will be
managed through collaboration between
community, government and indusiy¢
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http://www.healthywaterways.org/

Using a mix of regulatory and voluntary
measures, the partnershipas defined and
implemented a set of management actions to
resolve catchmeng coastal issues, and has
been successful in resolving a number of them
(details below). The case study demonstrates
that linking the management of marine and
estuarine areas wit the management of
catchments require a broad based program
including collaboration among government,
industry and community, local political
leadership, consensus among all stakeholders
regarding the objectives and management
actions, and decision makitgsed on solid
scientific information (see the Healthy
Waterways website for scientific details).

Lessons Learned

Socioeconomic Engagememluch time and
effort are spent on technical feasibility and the
social, culturgland economic aspects of
environmental choices. Methods used included
community consultations, feedback from
stakeholders and government officers, decision
analysis to determine priority management
actions and costbenefit analysis of different
management actions.

Organize for Integation and Collaboration
Successful development of the Strategy is
attributed to strong local political leadership
and advocacy. A number of local government
leaders provided effective support, and more
importantly, these leaders accepted key roles
within the Partnership to oversee the delivery
of the Strategy.

Stakeholder involvement and collaboration
resulted in over 60 organizations undertaking
management actions in the Strategy. An
Implementation Group, consisting of a range of
stakeholders, was estéibhed to regularly
assess the status of the management actions
and report progress to the Regional
Coordinating Committee of the Queensland
government. This arrangeent effectively
provided an ogoing audit of stakeholder
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commitments, a step often overlded in
resource management planning process.

Scientific investigations reveebnsiderable
knowledge of soutbast Queensland waterways
and highlight serious issues in the catchment.
The latest scientific and modeling results are
provided to stakeholders on a regular basis
enabling them to be fully informed thereby
allowing decisions to be made quickly.
Communicabn of information is based, as
much as possible, on diagrams and conceptual
models. Effective communication methods and
communication skills of scientific personnel
greatly increase confidence within the
community and with the decision makers.

The Stragegy fulfils certain priority actions of
0dKS
Framework for Growth Management and it
incorporates and provides information to a
variety of local and sukegional plans and
projects and for a variety of legislation. Thus the
Strategy provides a common vision, values, and
measurable water quality objectives and
scientific information to assist the integration of
local plans and legislation.

Adaptive Management The restoration of
Moreton Bay is an adaptive management
process However, like any restoration program,
there remains important work to be done and
measures to be implemented. The results of the
2009 EHMP Report Card, the most recent one
available, emphasize the connectivity between
G§KS NBX3IA2YyQa
Moreton Bay. The significant decline in the
ecosystem health of Moreton Bay, declining
from B- (in 2008) to D (in 2009) was caused by
the discharge of extremely high loads of
sediment and nutrients from the catchments as
a result of unusually heavyirdall across the
region. Despite this heavy rainfall and the
increased nutrient and sediment inputs, there
was little change in the overall ecosystem
health of freshwater streams, with
improvements in biological indicators
(macroinvertebrates and fish) selting from
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the increased stream flows offset by a slight
decline in nutrient cycling. These results
highlight the importance of reducing and
addressing diffuse source pollution, both rural
and urban, to improve waterway health. Results
from the most recat devastating floods
(December 2010 to January 2011) are currently
being analyzed.

The basic tenets and principles used for the
Moreton Bay catchment are directly applicable
to the Columbia River Basin. The key roles of
public education and involvemeriticlusion of
city and county officials, the role and use of
science, ad the reliance on the inherent

G 0 St andvaldes of the various cultures in
the catchments are foundation ingredients in its
success to date.

Contact for Additional Information

1 Fordetails on Moreton Bay and the
upland rivers see the Healthy Waterways
website:www.healthywaterways.org/
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1 A Brief History of Moreton Bay:
www.users.bigpond.net.au/pludiow/
bayhistory.htm

1 Moreton Bay Catchments Latest Report
Card (summary):
www.ehmp.org/filelibrary/3d
regionalsummanmoreton-web.pdf

1 {2dziK 9Fal vdz$SSyaflyRQa
Health Monitoring Programme:
www.ehmp.org/about_ehmp.htmi

Learning from Global Examples

In addition to Moreton Bay, recent years have
seen a global focus on the restoratiof many
important catchments and the restoration of
numerous rivers. Collectively, these provide a
plethora of examples for improving
management in the Columbia River Basin.
Several hundred case studies from around the
world, especially those aimed attégrated
Water Resources Management (IWRM) have
been summarized by the Global Water Project
(www.gwptoolbox.org Alcamo et al. 2008).



http://www.healthywaterways.org/
http://www.users.bigpond.net.au/pludlow/bayhistory.htm
http://www.users.bigpond.net.au/pludlow/bayhistory.htm
http://www.ehmp.org/filelibrary/3d-regionalsummary-moreton-web.pdf
http://www.ehmp.org/filelibrary/3d-regionalsummary-moreton-web.pdf
http://www.ehmp.org/about_ehmp.html
http://www.gwptoolbox.org/

C. @se History: The Skagit River Basin,
Washington

The Skagit River Basin encompasses 8,030
square kilometers of watershed area and
includesabout 326 hectares of delteonnecting
the river to estuary and near shore ocean
habitats Figure X.B The basin represents all
freshwater and estuarine habitats for multiple
salmonid species, life history typesd stocks.
These include spring, summer, and fall Chinook
salmon, pik salmon, chum salmon, sockeye
salmon, coho salmon, summer and winter run
steelhead, sea run cutthroat trout, Dolly Varden
and bull trout. The human population is about
200,000 people with stakeholders and
governing bodies that include three treaty
Indiantribes; twoU.S federal and three state

land management agencies; Canadian federal,
provincial and municipal governments; three
county governments; various local municipal
governments; and private property owners.
There has been considerable habitat loss
associated with agricultural land conversion,
road and highway construction and
urbanization in the lower basin and river
floodplain areas. This includes an estimated loss
of 73% of tidal delta and 98% of ntidal delta
areas, 86% of pocket estuariesda®i’% of the
large river floodplain (upstreamf the nontidal
delta, Collinsand Sheikh 2002). Approximately
17% of the mainstem river channel has been
hardened Five major dams, hydpmwer
development and logging have been important
in the upper basin, but most remaining habitats
are still considered to be in relatively good
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FigureX3. The Skagit River Basin in northwestern Washin@rom Beamer et al. 2005).
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condition, influenced principally bypads and
road related erosion.

The Skagit Watershed Council (SWC;
www.skagitwatershed.onga collaborative of 18
member organizations including private
industrial and agricultural interests, state and
federal agencies, local governments, tribes and
environmental and citizeiased groupsTable
X.]), has been designated as the Lead Entity to
guide salmon habitat restoration planning
under Washington State law and the
Washington Salmon Recovery Funding Board.
Federally recognized Tribes within the Skagit
Basin include the Sattkuiattle, Swinomish and
Upper Skagit tribal communities. Each Tribe,
working either through its ownatural

resources programs or through the consortium

known as the SkagRiver System Cooperative
(SRS@yww.skagitcoop.orpis formally

responsible for cananagement of the fisheries

in the Skagit Basin in collaboration with the

Washington Department of Fish and Wildlife

(WDFW) The habitat restoration planning,

assessment and implementation activities

conducted by SWC within the basin hdeen

supported largely by technical staff associated

with the SRSC, WDFW, the&SUWorest Service,

and by NOAA Fisheries. The stated intent of the

{2/ {GNIGS3IAO0 ! LIWINRI OK Ay Of
protecting landscape processes that will

produce the longterm, sustainable recovery of
KFoAlGrG O2yRAGA2ya (GKIFG oS
GAGK NBO23ayAlGAz2y GKIFG af2y.
health is in part dependentoitn KS O2 YYdzy A i & ¢
(Beechie et a2010).
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TableX1. Member organizations of the Skagit Watershed Council

Fidalgo Fly Fishers

Mount BakerSnoqualmie National Forest
North Cascades National Park

Public Utility District #1 of Skagit County
Seattle City Light

Skagit Conservation District

Skagit Fisheries Enhancement Group
Skagit River System Cooperative
Washington Department of Fish and Wildlife

Long Live the Kings

North Cascades Institute

Padilla Bay National Estuarine Research Reser
Puget Sound Energy

Skagit Audubon Society

Skagit County

Skagit Land Trust

The Nature Conseancy

Western WA Agricultural Association

! Composed of the Swinomish Indian Tribal Community and-Saigtle Indian Tribe

Significant restoration efforts began in the
Skagit in the early 1990f®cused on habitat
losses influening coho salmon (Beechie et al.

1994). Efforts to assess habitat losses across the

basin and guide more substantial restoration
efforts followed ESA listing of Chinook salmon
in 1999. Steelhead eve listed in 2007. A serge

of strategy and implementation documents
have been developed since 1998 (e.g., SWC
1998; Beameet al.2000). A recovery plan for
Chinook salmon was completed in 2005
(Beamer et al2005) by the SRSC and WDFW in
consultdion with other groups. A basivide
Strategic Approach was revised most recently in
2010 (Beechiet al.2010).

Socioeconomic Engagemerthe SWC
expressly acknowledges that a major challenge
for species recovery will be achieving
community support for the extensive
restoration needed omr near private lands.
Intensive land conversion for agriculture has
occurred in much of the low elevation and
floodplain area. One step toward social
engagement has been to understand the
willingness of Skagit County residents to
support actions that berfi salmon andheir
habitats (ERI 2005). Although land use and
development issues represent contentious
tradeoffs, many residents valued salmon,
supported salmon recovery planning and
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http://www.skagitwatershed.org/
http://www.skagitcoop.org/

believed they personally had some
responsibility in helping to solve étproblems
(ERI 2005). Some restoration efforts have
intentionally involved volunteers from the
public in a form of experiential learning.
Evaluation of these efforts suggests that they
can influence public understanding and support
for restoration and coservation efforts

(Breslow 2005). Skagit County has initiated a
conservation planning effort known as Envision
2060 engaging a broad representation of
natural resource, business, private landowner,
government, and conservation interests. This
project is spported by the Envision modeling
process developed through Oregon State
University to help decision makers and the
public visualize the effects of a range of
policy/land use scenarios on landscapes of the
basin®®

Landscape ApproactOver the last 20 years
managers and researchers have focused on
habitat change and the causes of that change,
building a foundation for conservation and
restoration planning with a very strong
landscape or basin scale perspective (Beaater
al.2000) Theapproach of the SWC has been to
target restoration in specific areas guided by
three principles: 1) restore processes that form
and sustain habitats by focusing on underlying
causes of degradation, considering local
potential, and matching the scale ofsteration

to the underlying problem; 2) protect processes
and habitats that are currentlfunctioning as
sources for londerm recowery and represent

the most costeffective actions; and 3) focus
protection and restoration on the most
biologically importahareas

Two decades of research and assessment on
habitat loss and the implications for salmon and
steelhead populations provides a basic
understanding of species and life history
distributions, statusand key constraints
Focused research and aysis of the physical

2 www.skagitcounty.net/Common/Asp/Default.asp?
d=EnvisionSkagit&c=General&p=modeling.htm
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processes influencing habitat creation and
maintenance in key areas (e.g., Bearet al.
2000; Williams et ak004; Yang and
Khangaonkar 2006; Beeche et alreéview)
provides a foundation for oration actions.
Because lifeyclepatterns of habitat use and
limitation vary among species and life history
types, a spatially explicit evaluation of the
patterns in, and magnitude of habitat loss and
the processes driving habitat impairment
provide an important perspectivé-igure X.%

The integrated analyses support a tiered
restorationstrategy that prioritizes baswide
restoration efforts and targets the fundamental
causes of habitat loss, degradatjam

constraint Eigure X.p Coho, for example,
appear most strongly limited byé loss of
floodplain delta and pond habitat€hinook
salmon populations that make extensive use of
mainstem and floodplain habitats throughout
the life cycle are constrained most by losses in
these areas. Steelhead are believed to be most
limited by mairstem floodplain and some
tributary habitats. Because the greatest
impairments have occurred in the estuary, river
delta, and river floodplain areas used by
Chinook salmon (the current target species for
federal funding), these are considered the most
limiting and important conditions to address in
the near term Tier 1 targetghese conditions

for restoration. Tier 2 targets areas nearshore
and floodplain rearing habitats used by
important, individual populations. Tier 3 targets
tributary watersheds that argenerally less
impaired overalbut have localized problems
with elevated erosion or hydrologic conditions
that influence incubation survival of Chinook
salmon.


http://www.skagitcounty.net/Common/Asp/Default.asp?d=EnvisionSkagit&c=General&p=modeling.htm
http://www.skagitcounty.net/Common/Asp/Default.asp?d=EnvisionSkagit&c=General&p=modeling.htm
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FigureX4. Habitat impairmentmaps for the Skagit River Basin watersh@dsm Beechie et al.
2011).
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FigurexX5. Three Restoration Tiers from the Skagit River Strategic App(fraohBeechie et al.

2011).

Organize fointegration and CollaborationThe
Skagit Watershed Council provides a potential
framework for coordinatiorof diverse interests
focused oror interacting with habitat

restoration across the basin. The science efforts
have been multdisciplinary in the snse that
they have relied on the expertise of
hydrologists, riparian ecologists,
geomorphologistsand fishery biologists. Land
use planning initiated by Skagit County has
engaged broader diversity of technical
capacities for both public and private inests
that could conceivably integrate with watershed
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restoration efforts** Recognition of the SWC as
the lead entity for salmon recovery planning
within the State and technical support provided
through state, tribaland federal authorities
should providescientific credibility in that
broader forum. The planning and guidance
provided by the SWC provides a framework for
restoration, but implementation will depend on
opportunities that emerge with willing
landowners, diverse funding sources, and the
capacites represented by collaborating groups.
Although restoration may still progress in
piecemeal and opportunistic fashion clear

24 \www.skagitcounty.net/Common/Asp/
Default.asp?d=EnvisionSkagit&c=General&
p=techmembers.htm





























































