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Dear Reader,

The Upper Columbia Salmon Recovery Board (UCSRB) formed in 1999 as a local response to the federal listing of
salmon and steelhead. It since developed and now implements the Upper Columbia Spring Chinook Salmon and
Steelhead Recovery Plan (Plan; UCSRB 2007). The purpose of the UCSRB was, and still is, to develop solutions
that work for the people and communities of North Central Washington, and to move the species away from a
high risk of extinction. Science has been at the heart of decision-making for our 15 years of existence. Consistent
with its goal of transparency and accountability in how the region is addressing the listings, the Board of
Directors tasked staff with developing a series of technical reports that describe progress within each
management sector of salmon and steelhead – habitat, harvest, hatcheries and hydropower (referred to as “AllH”). With this information, the UCSRB intends to convene decision-makers from each management sector to
develop collaborative solutions that accelerate the push towards recovery. Despite the wealth of information in
reports and technical documents, none of it exists in one place for someone to understand the progress toward
goals in each management sector. Therefore, the UCSRB is meeting this need by producing this and subsequent
technical reports for each H-sector.
The Habitat Report is part of a series of Integrated Recovery reports summarizing the major management
programs and their reported outcomes related to listed Upper Columbia salmon and steelhead management
and recovery. These reports are intended to help support “All- H” collaboration and can be used a) to improve
integrated decision making; b) as a communication and outreach tool; c) as a means for identifying key
uncertainties and gaps in knowledge and understanding; and d) as a means for better understanding progress
toward integrated recovery. These reports are based on unbiased, scientific information and data compiled from
a variety of sources. The reports are not intended to be a decision document, but instead guide decision-making
by partners working across the different management sectors that affect recovery in the Upper Columbia.
While not all programs are directly aimed at recovery of listed species, many must be consistent with goals and
objectives of the Endangered Species Act, and as such should aid in the recovery of listed fish. Appendix I of the
Recovery Plan indicates that implementation of actions across all sectors may still not be enough to meet
increases in survival needed to achieve recovery. Through periodic updates, the UCSRB can help answer the
question: “how much is enough”, and can facilitate how limited resources should be invested for the greatest
impact on species recovery.
Although the UCSRB has no authority to select the suite of actions required across all the Hs, it does need
commitments that those other decision-makers are working in concert with the Recovery Plan; and, the UCSRB
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is in a position to make recommendations and requests of the decision-makers to consider the recovery goals of
the Upper Columbia. The Plan envisions an “All-H” approach for success, and suggests it will take anywhere
from 30-50 years to see progress. While habitat investments will continue, the UCSRB is increasingly turning its
attention to how it can similarly facilitate collaborative solutions across all of the management sectors
simultaneously.
The intention of this report was to provide answers to the following questions:
x What is the status of habitat in the region?
x What have we accomplished in terms of habitat protection and restoration?
x How have habitat actions benefitted listed species?
x How do habitat actions contribute to recovery?
x Are our habitat programs integrated with other management programs?
x What are the current data and information gaps, and key undertainties related to habitat?
In short, the region has made substantial progress in improving the habitat that all life stages of salmon and
steelhead depend upon to increase abundance and productivity. We estimate that the region has moved the
needle between 4-6% from the time of listing toward an estimated restoration potential of 15% in improved
habitat. Improvements have been substantial; we are on the right trajectory, and yet have a long way to go to
reach delisting.
As one strategy for addressing the need for coordination and integration of efforts across management sectors,
the UCSRB created an Integrated Recovery Program. This program is guided by the step-wise process the Board
established in 2008 of 1) creating a network of people across the H-sectors that can provide information to the
UCSRB; 2) gain a common understanding of how the system works and how the Plan is affecting recovery
objectives; 3) agree on common goals and short-term outcomes that describe what will be achieved related to
the goals in measurable terms – across the H’s; 4) implement the Plan, monitor the effects, analyze results,
report them, and adapt the Plan as necessary; 5) document the rationale, implementation steps, expected
outcomes, and benchmarks; and lastly 6) build and implement a verification, effectiveness and accountability
system.
Integrated management of salmon and steelhead means coordinated decision-making to meet various recovery
and legal objectives. The Plan recommends objectives for each of the H-sectors. Decisions about programs tend
to be made at higher levels, according to discipline, and in isolation from one another. The challenge is to work
together to achieve recovery while honoring treaty agreements and meeting legal and regulatory requirements.
The UCSRB remains commited to doing this in a voluntary way, rather than through regulatory enforcement.
Better alignment between program goals and decision-making processes will improve our chances of meeting
recovery goals and objectives while also redeveloping sustainable fisheries. Through this integrated approach,
we are confident that recovery is possible. The UCSRB stands ready to facilitate greater coordination among the
sectors, and these reports provide a stepping stone toward realizing even more effectiveness.
Sincerely,

Bill Towey
Chair
Upper Columbia Salmon Recovery Board
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TRACKING OUR PROGRESS:
AN INTEGRATED APPROACH TO RECOVERY
This Decision-Maker’s Guide summarizes the timber harvest, floodplain development, and channel
status of habitat actions and their effect on the
recovery of listed salmon and steelhead as more
fully described in the Upper Columbia Habitat
Report. The Habitat Report is part of a series
of technical reports summarizing outcomes of
major cross-disciplinary programs related to
Upper Columbia listed salmon and steelhead
species management and recovery. We combine
various sources of information to assess benefits

modifications reduced the availability and function
of habitats. Recovery and long-term sustainability of
listed salmon and steelhead populations in the region
is dependent upon the implementation of habitat
restoration and protection actions. Restoration efforts
are focused on natural processes, where feasible,
and enhancing habitat when processes cannot be
fully restored. Within the past several years, habitat
restoration has shifted toward larger scale projects
designed to address reach-based ecological concerns.

and how these benefits may affect progress
toward recovery.
The Recovery Plan acknowledges that actions in
freshwater tributary habitat are not likely to alone be
enough to achieve recovery, and should not be the
sole focus of recovery efforts. This understanding was
the basis for creating the UCSRB Integrated Recovery
Program, which tracks and reports information about
the status of actions affecting salmon and steelhead
recovery. Habitat loss is most often cited as the primary
reason for the decline of salmon populations in the
Northwest. This is true for the Upper Columbia where
past land use and conversions related to agriculture,

The Upper Columbia
Geographically, the Upper Columbia region includes
the Columbia River and its tributaries upstream of the
confluence with the Yakima River to the base of Chief
Joseph Dam. Currently, there are three independent
spring Chinook populations (Wenatchee, Entiat, and
Methow) and four steelhead populations (Wenatchee,
Entiat, Methow, and Okanogan). Spring Chinook in
the Okanogan subbasin were extirpated, although
the National Oceanic and Atmospheric Administration
(NOAA) recently approved a rule to reintroduce Spring
Chinook as an experimental population (Section 10j of
the Endangered Species Act).

NOAA formally approved the Upper Columbia Spring
Chinook Salmon and Steelhead Recovery Plan in 2007
(Recovery Plan). The final Recovery Plan was developed
by the Upper Columbia Salmon Recovery Board (UCSRB),
which formed as a coalition of three counties (Douglas,
Chelan and Okanogan) and two tribes (Yakama Nation
and Colville Confederated Tribe) to restore listed and
at risk species in economically sensitive ways through
collaboration and wise resource management. The
effect of that fifteen year partnership can be directly
measured on the ground, and indirectly observed
through the inter-governmental relationships that have
developed over that time.

while honoring treaty and reserved rights, and meeting
legal and regulatory requirements. Better alignment
between the entities engaged in recovery goals and
decision-making processes will improve our chances of
meeting recovery goals and objectives while achieving
sustainable, harvestable sport, commercial and cultural
fisheries. These unbiased, scientific reports are based on
information and data compiled from a variety of sources,
and are intended to help support “All- H” collaboration
Steelhead spawning at the Hancock Springs
project. The project was completed in 2011 and
restored a half mile of critical spawning and
rearing habitat in the Methow subbasin.
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to listed species habitat actions may have had, The challenge is to work together to achieve recovery

The Recovery Plan recognizes the importance of functional,
intact habitat that can sustain healthy salmon populations
over the long-term. An effort to protect and restore high
quality habitat is at the core of the recovery strategy.
Habitat actions were selected from other plans, modeling,
public input, and the best available science. Habitat actions
are refined based on input from local landowners and
land managers and additional sources. These actions are
believed to represent a sound scientific approach based
on available information and tools, address the range of
known threats, and are generally considered feasible within
the known constraints of the Upper Columbia. However,
the Recovery Plan also recognizes that uncertainty exists
for many actions because of insufficient information. The
UCSRB developed the Adaptive Management Strategy
to account for adjustments in direction and effort in the
implementation strategy. The adaptive management
process recognizes that the key political and biological
assumptions of the Recovery Plan need to be tested and
adjusted as recovery progresses, and as we learn more in
the physical, biological, and social science disciplines.
The highest priority in the region for increasing biological
productivity in degraded areas is to restore the complexity
of the stream channel and floodplain function. The Upper
Columbia Regional Technical Team (RTT) recommends
a range of strategies for habitat restoration in the
Upper Columbia, based on a fundamental emphasis on
promoting properly functioning geo-fluvial processes
that control habitat diversity, instream flows, and water
quality throughout the watershed. The highest priority
for protecting biological productivity is to allow natural
geo-fluvial processes, such as unrestricted stream channel
migration and sediment transport, instream complexity,
and floodplain function where it exists. In general, the goal
for habitat protection is to target the highest functioning
habitat at the greatest risk of degradation. Protection of
existing stream flows in virtually all subbasins in the region
is also important to maintaining biological productivity.

Inherent in the creation of the Recovery Plan was the
reliance on integration of actions across all sectors
affecting salmon and steelhead (Harvest, Hatcheries,
Hydropower, and Habitat), as well as integration
of actions beyond the boundaries of the Upper
Columbia region (e.g. lower Columbia, estuary, and
ocean). The Recovery Plan does not identify specific
actions required in the hydropower, hatchery, and
harvest sectors (H-sectors), but it does recommend
Implementation of habitat actions involves many steps. strategies and goals for these management sectors.
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In short, implementation includes addressing data gaps,
establishing schedules, engaging stakeholders and
landowners, identifying responsibilities, securing funding,
permitting, and designing and carrying out actions. Most of
this work is done by individual partners with assistance and
coordination through key local and regional partnerships,
including the UCSRB. Within the region there are currently
14 project sponsor organizations working to implement
habitat actions identified in the Recovery Plan. Project
sponsors work together through an established framework
that includes a regional Implementation Team and local
Watershed Action Teams. Habitat recovery efforts are
ultimately implemented and sustained through public
partnership and involvement. Progress is tracked through
an online database (Habitat Work Schedule - http://hws.
ekosystem.us/).

“However beautiful the strategy, you
should occasionally look at the results...”
W. Churchill
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and can be used to a) to improve integrated decisionmaking; b) as a communication and outreach tool; c) as
a means for identifying key uncertainties and gaps in
knowledge and understanding; and d) as a means for better
understanding progress toward integrated recovery.

Key Questions
The Habitat Report addresses several key questions about habitat and habitat actions in the
Upper Columbia:
•

What is the status of habitat in the region?

•

What have we accomplished in terms of habitat protection and restoration?

•

How have habitat actions benefitted listed species?

•

How do habitat actions contribute to recovery?

•

What are the current data and information gaps and key uncertainties related to habitat?

and steelhead populations declined to extremely

returns.

low levels in the mid-1990’s and stayed low until

Productivity is influenced by both freshwater tributary
juvenile survival (egg to emigrant) and out of basin survival
(smolt to adult return [SAR]) as well as tributary pre-spawn
mortality (adult migrant to spawner). Upper Columbia
populations of both steelhead and spring Chinook have
fairly low survival rates for all three of these life stages.
Egg-to-emigrant survival has generally been less than 4%
in recent years for spring Chinook and steelhead tributary
survival has been less than 2%. Smolt-to-adult return rates
(SAR) have also been low compared with other populations
with less than 1% of spring Chinook smolts and less than
3% of steelhead smolts returning as adults. Pre-spawn
mortality rates have been as high as 70% in some years and
the average for both species is around 40-50% meaning
than only about half the adults that return to the Upper
Columbia survive to spawn.

the time of listings in the late 1990’s. Numbers
increased to levels above (Wenatchee and
Methow) or near (Entiat) the recovery abundance
thresholds in the early 2000’s, and are now at
levels intermediate to those of the mid-1990’s
and early 2000’s. Overall trends in productivity
indicate swings within the Upper Columbia
populations between times of high productivity
and low productivity. NOAA periodically reviews
the status of what are termed the “viable salmonid
population (VSP)” parameters to assess viability
of listed species. These parameters are defined
as: abundance, productivity (population growth
rate), spatial structure, and diversity. A viable
distinct population segment (DPS) or evolutionary
significant unit (ESU, as applied to Pacific salmon)
is naturally self-sustaining, with a high probability
of persistence over a 100-year time period.
In its last 5- Year Status Review for Upper Columbia spring
Chinook and steelhead, NOAA noted an increase in the
mean abundance of adult natural-origin adults. However, it
concluded that both species are still at high risk for extinction,
and that none of the Upper Columbia populations meet the
recovery criteria established in the Recovery Plan. Spring
Chinook have experienced decreases in productivity and
although there has been an increase in the abundance
and productivity of UC steelhead, the improvement has
been minor. Hatchery-origin spawners constitute a high
fraction of total spawners in the region for both steelhead
and spring Chinook. Spring Chinook populations showed
steep declines in the region during the late 1980’s and
early 1990’s, leading to extremely low abundance prior to
listing. Between 1995-2009 there was a slight positive trend
in abundance for all populations, although the observed
abundance of natural-origin spring Chinook are well below
those documented in the 1960’s with an average decline of
2-4% per year. Comparing 2003-2008 returns to 1997-2001

In the 2010 Status Review NOAA gave the three spring
Chinook populations and the four steelhead populations a
rating of high risk for diversity. The main factor influencing
the diversity of Upper Columbia populations is the
chronically high number of hatchery spawners in natural
spawning areas and lack of genetic diversity among
natural-origin spawners. The Entiat subbasin is currently the
only one without hatchery supplementation, and it is still
influenced by stray hatchery fish from other subbasins. The
proportion of hatchery spawners in natural spawning areas
of spring Chinook over the past 10 years has been 61% on
average (64% Wenatchee; 42% Entiat; 76% Methow). For
steelhead the average has been 75% (55% Wenatchee; 68%
Entiat; 86% Methow; 92% Okanogan) (based on NOAA SPS
database 2013; WDFW SASI database 2013).
In addition to a change in genetic diversity, populations
in the Columbia basin have undergone a dramatic loss of
life history diversity due to the loss of habitat. More Upper
Columbia specific changes in life history diversity have not
been documented although it can be expected that the
development of the mainstem hydropower system and the
loss of habitat diversity in tributaries has led to a winnowing
down of the number of life history patterns and an overall
simplification of the life history diversity of Upper Columbia
populations.

Based on the current status of Upper Columbia populations, productivity and
diversity may require the most improvement to achieve de-listing criteria. Most
populations will require a significant improvement in productivity (between 30100% increase for spring Chinook and between 26-700% increase for steelhead).
All populations were rated as having a high risk for diversity in the last NOAA
Status Review and that must be reduced to moderate across all populations.

VSP PARAMETERS
Abundance is the number of fish produced by natural processes that
have spent their entire life cycle in nature (i.e., natural-origin fish). This
is often referred to as gravel-to-gravel survival or fish originating from
naturally spawning parents that hatch in a stream’s gravel and that
survive to spawn naturally themselves years later.
Productivity is a measure of reproductive effectiveness at the
population level. Typically it is stated as the number of adult offspring
(recruits; which adds the number of adults harvested or taken for
broodstock to the number actually arriving on the spawning grounds)
produced per parent (spawner). In its most basic form it is calculated
by dividing the total number of spawners in any year into the number
of adult recruits that are subsequently produced by these spawners.
Spatial structure is the range or distribution of wild fish (adult
spawners) within a population’s habitat range. Populations with
restricted distributions (or ranges) and few spawning and rearing
areas are at a higher risk of extinction due to natural events than
those populations with a wide distribution and access to multiple
spawning and rearing ares.
Diversity refers to the distribution of traits within and among
populations of salmon and steelhead. These traits include anadromy,
morphology, fecundity, run timing, spawn timing, juvenile behavior,
age at smolting, age at maturity, egg size, developmental rate,
ocean distribution patterns, physiology and molecular genetic
characteristics. A combination of genetic and environmental factors
largely causes phenotypic diversity. Habitat, harvest, and hatchery
factors can all affect diversity.
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Abundances of Upper Columbia spring Chinook there has been an average increase of 64% in natural adult

In terms of the spatial structure of Upper Columbia populations, many fish
passage issues have been resolved, however several small tributaries remain
inaccessible or partially inaccessible. The Okanogan basin still lacks significant
numbers of spring Chinook although reintroduction efforts are underway. Lack
of access above Grand Coulee Dam and into Canadian portions of the Okanogan
and Similkameen basins is still considered a threat to the spatial structure of
Upper Columbia salmon and steelhead.
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Across the region
steelhead natural
adult returns increased
171% from 2003-2008
compared with returns
from 1997-2001. Despite
recent upward trends in
abundance, productivity
for populations of spring
Chinook and steelhead
has changed very little
and population growth
rates are well below
replacement.

SALMON AND STEELHEAD IN THE UPPER COLUMBIA

Wenatchee Steelhead
7,000

Number of Spawners

The observed abundances
of natural-origin spring
Chinook are well below
those documented in the
1960’s and estimated
historically. Comparing
2004-2008 returns to 19972001, however, there has
been an average increase
of 72% in natural adult
returns. The trend in total
spawners since 1995 has
been positive for all three
populations of spring
Chinook.

9
The quality and quantity of habitat from freshwater
tributaries to the mainstem Columbia, estuary,
and ocean has a profound impact on the status of
Upper Columbia salmon and steelhead populations.
Instream and riparian habitat in most Upper Columbia
subbasins is in relatively good condition, especially
in high elevation reaches. However, human activities
have reduced habitat quantity and quality in many
lower elevation stream reaches, particularly within
the private lands of the region that are centered near
the valley bottoms. The condition of the Columbia
River mainstem, estuary, plume, and the North Pacific
ocean also have a large influence on the growth and
survival of salmon and steelhead from the Upper
Columbia region and factors such as predation and
prey availability can have a large effect on overall
productivity.
The condition of habitat is important to recovery and also
to the natural function of these habitats. Pacific salmon
evolved under dynamic physical and climatic conditions
and natural ecological processes create a variety of
habitat conditions and combinations over time. Natural
disturbances such as wildfire, landslides, and flood events
have historically contributed to the development of habitat

diversity. The productive capacity of listed species depends
on the continuation of the natural ecological processes.
All 13 ESA-listed species of salmon and steelhead in the
Columbia River basin use the mainstem and estuary for
migration to and from freshwater natal areas to the Pacific
Ocean, where they grow from juveniles to mature adults.
Salmon and steelhead from the Upper Columbia region use
roughly 500 miles of mainstem Columbia River habitat each
way during outmigration and upstream migration. They
spend from a few days to a few months or more rearing
and migrating in the mainstem, the estuary, and then the
Columbia River plume offshore before leaving for nearshore
and open ocean habitat.
In recent reports and studies, predation has been found
to be a major threat to salmon and steelhead in the
estuary, especially stream-type species (spring Chinook
and steelhead). Predation, although a natural process in
these ecosystems, has been exacerbated by anthropogenic
changes in these environments. The major sources
of predation on Upper Columbia spring Chinook and
steelhead in the mainstem Columbia River are terns and
cormorants, predatory fishes and sea lions. Non-indigenous
species pose a potentially large effect on habitat for Upper
Columbia species, especially in the mainstem Columbia
River. Predatory fish, such as pikeminnow, walleye, and
bass, are estimated to consume millions of juvenile salmon

and steelhead annually in the Columbia Basin. Changes
in ocean conditions can also have large effects on the
number of fish that return to the Upper Columbia.
For example, adult returns during the period 19801999, which coincide with periods of poor ocean
conditions, were much lower than those during better
ocean conditions (2000-2004). Ocean survival of
Upper Columbia stocks has been linked to a number
of factors from prey abundance and distribution to
physical oceanographic conditions such as sea-surface
temperature.
Within freshwater tributary habitats, numerous stream
processes can affect the success of spawning and rearing
of salmonids. Successful spawning and rearing require
a combination and diversity of habitat characteristics,
including cool, clean water, appropriate water depth
and velocity, upland and riparian vegetation to stabilize
stream banks and provide shade and prey, clean
gravel for spawning, incubation, and early rearing, and
large woody debris to provide cover and prey habitat.
Activities within the Upper Columbia that have affected
habitat conditions include water diversions and dams,
stream channelization and diking, roads and railways,
timber harvest, and urban and rural development.
Some of these factors that affected habitat historically
have been partially addressed through changes in landuse practices and/or implementation of BMPs (e.g. fish
screens at diversions, riparian buffer strips, improved
livestock management, etc.). However, as noted in the

The Tyee Project on the Entiat River was
completed in 2013 and restored over 0.5 miles
of side channel and 3.5 acres of riparian and
wetland floodplain. Over 600 pieces of wood
went into building engineered log jams.
Recovery Plan, many of the effects of these practices
remain as a result of remnant infrastructure and land
conversion and modifications.
Landscape factors such as flooding, drought, land
management activities, and recent fire regimes have all
been found to be associated with variability in habitat
status of Columbia River streams. Land use and land cover
conversion is likely a relatively minor factor in landscape
change in the region, but some areas experience higher
rates of development and land conversion than other
areas. As a whole natural disturbance plays the largest
role in large-scale change. One exception is the extensive
forest road network has developed over the past 100
years. These forest roads have widespread effects on
landscape-scale processes and aquatic habitat in the
Upper Columbia. Road densities in the region are some
of the highest in the state and many of the issues with
roads occur in the core areas for salmon and steelhead
production. Other important factors that influence
watershed health include fire and forest condition.
“Ecological concerns” are defined as the ecological
conditions essential for maintaining the long-term
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Another effort to assess habitat conditions is the Expert
Panel process. Expert Panels are used as the mechanism
adopted under the Federal Columbia River Power System

Ecological Concern

Grand Total
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Biological Opinion to estimate the progress of, and resulting
survival improvements from mandated tributary habitat
restoration actions. Experts use information contained in
recovery plans, subbasin plans, watershed plans, limiting
factors analyses, monitoring data, and personal knowledge
and experience to help assess habitat improvement.
In addition to the information being compiled and
summarized in the Biological Strategy, Expert Panel process,
and reach assessments, current habitat status is being
assessed by large-scale, long-term monitoring programs
across the region. The Columbia Habitat Monitoring
Program (CHaMP) and Okanogan Basin Monitoring and
Evaluation Program (OBMEP) track the status and trends in
habitat in all four major Upper Columbia subbasins. At this
time insufficient data on habitat exists to adequately explain
habitat status and trends, although site-scale information
shows high site variability in habitat metrics, meaning that
habitat is patchy in nature across the landscape.

Wenatchee River

Entiat River

Methow River

OKANOGAN

METHOW
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viability of a given population of salmonids and are linked
to abiotic and biotic features of habitat that cause mortality,
injury, reduced health, or diminished reproduction.
Ecological concerns and their assumed causal mechanisms
(threats) that affect habitat conditions in each subbasin are
summarized in the Regional Technical Team’s Biological
Strategy along with a detailed summary of habitat status
in each of the 58 assessment units (sub-watersheds or
portions of sub-watersheds) in the four major subbasins
in the region. Different factors influence the quality and
quantity of available habitat and the distribution of
ecological concerns across the region. The type and extent
of ecological concerns within watersheds is largely driven
by human-caused and natural landscape-scale and reachscale factors.

Okanogan River

Instream Structural Complexity
Riparian Condition
Bed and Channel Form
Increased Sediment Quantity

ENTIAT

Anthropogenic Barriers
Decreased Water Quantity
Temperature
Side Channel and Wetland Conditions
Food-Competition
Altered Primary Productivity

WENATCHEE

Mechanical Injury
Predation
Floodplain Condition

Habitat Classification
HIGH
MODERATE
LOW
MINIMAL

The greatest ecological concerns for the region are instream structural complexity, riparian condition, bed
and channel form, and increased sediment . The importance of these ecological concerns varies by subbasin
with the Okanogan having the lowest functioning habitat across a number of different ecological concerns.
The Entiat currently has the highest functioning habitat across all ecological concerns based on the percent
function given to each in that watershed.

High quality functional habitat
Higher level of habitat disturbance or loss
Strongly fragmented by habitat loss

The highest quality (least disturbed) habitat in the region exists in the upper watersheds of the
Wenatchee, Entiat, and Methow subbasins. The most disturbed habitat exists in the Okanogan watershed
and in areas of the Wenatchee subbasin.

HABITAT PROTECTION AND IMPROVEMENT ACTIONS
(1996-2012)

dependent upon the successful implementation

increases in the rate of project implementation (see chart
on right).

of habitat restoration and protection actions A total of $74 million dollars has been invested in the region
that address threats and habitat impairments
limiting survival and productivity. The selection
of projects is based on priority recovery actions
and reaches. Several planning processes provide
detailed plans, assessments, and strategies that
identify the highest priority areas that are the most

on habitat projects. Of that total, $69.2 million has been
invested in capital projects (restoration and protection),
and $5.7 million invested in non-capital assessment and
design projects. Peaks in habitat-related funding occurred
after listing (1997-1999), the completion of the Recovery
Plan (2007), and the start of the BPA mitigation program
(2010).

appropriate for large restoration programs. Within The pace of accomplishments increased dramatically
these priority areas, the focus is first on protecting between 2008 and 2012 when compared with the pace
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and maintaining the best remaining examples of of accomplishments between 1996 and 2007. Some
biological integrity, connectivity, and diversity.
Efforts are focused on restoring natural processes
whenever possible and enhancing habitat when

accomplishments, like riparian acres treated have increased
dramatically in recent years. On average, there has been a
four-fold increase in accomplishments between 2008 and
2012 (see charts on right).
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The Lower White Pine project on Nason Creek in
the Wenatchee subbasin reconnected 109 acres
of historic channel and floodplain habitat, 3
tributaries, and 2 miles of stream channel through
construction of a new railroad bridge.
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In total, partners have completed nearly 300 projects. Before
Recovery Plan approval in 2007, partners implemented an
average of seven projects per year. In the past five years,
partners implemented an average of 28 projects per year,
representing a 300% increase in the implementation rate

400

Instream Structures
(qty)

10

100

processes cannot be recovered.

600

Stream Improved
(miles)

400

Barriers
(qty)

60

Habitat Opened
(miles)

200

40

Stream Protected
(miles)

4000
2000

Riparian Treated
(acres)

Land Protected
(acres)

20
0

0

150

12

100

Floodplain Habitat
Connected (acres)

Off-Channel Stream
Connected (miles)

2001

2006

2011

0
1996

Cumulative

2001

2006

Annual

4

50
0
1996

8

0
1996

2001

2006

2011

0
1996

2001

2006

2011

Upper Columbia Habitat Key Accomplishments 1996-2012

• 278 projects completed

• 93 barriers removed

• 22 miles of stream improved

• 282 miles opened to fish

• 518 instream structures placed

• 127 acres of riparian habitat
improved

• 28 miles of restored flow
• 11 miles of off-channel habitat
created

• 3,379 acres protected
• 47 miles of stream protected

2011

HABITAT PROTECTION AND IMPROVEMENT ACTIONS (1996-2012)

populations in the Upper Columbia region is

Cumulative Number of Projects

Recovery of ESA-listed salmon and steelhead in the region. Several key events since 1996 have led to

1999
Upper
Columbia
Spring
Chinook
Listing

1997
Upper
Columbia
Steelhead
Listings
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Completed Habitat Projects (Cumulative from 1996-2012)
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Restoration projects represent over half of the
funding for habitat work in the region and account
for a majority of the projects (187 projects). Most
restoration projects are aimed at improving
instream habitat, riparian condition, fish passage,
instream flow, and upland habitat and fish screens.
Protection projects are also common and account
for one third of the funding and almost 15% of
the projects. Assessment and design (non-capital
projects) represent 17% of the projects but only 8%
of the funding. Combination protection/restoration
projects are a small proportion of funding and
implementation, although these types of projects
have grown in importance recently.
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Completed restoration and protection projects have been spread over the entire Upper Columbia region.
The majority of restoration and protection habitat projects (>50%) are concentrated in 10% of the Upper
Columbia assessment units: Lower Entiat, Lower Wenatchee, Upper Omak Creek Chumstick Creek, Mission
Creek, Lower Chewuch, and Lower Twisp.

To date, the primary ecological concerns addressed by habitat projects in the region include water
floodplain condition (20% of projects), riparian condition (16%), and anthropogenic barriers (15%).
These were followed by side channel and wetland conditions, instream structural complexity,
increased sediment quantity, decreased water quantity, and several ecological concerns that were

HABITAT PROTECTION AND IMPROVEMENT ACTIONS (1996-2012)
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40%
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Percent of Projects by Ecological
Concern Priority

ALIGNING HABITAT PROJECTS WITH REGIONAL
PRIORITIES
36%

In addition to specific habitat actions identified in the
2007 Recovery Plan there were also short- and longterm habitat recovery objectives. These objectives are
generally aimed at protecting high quality habitat,
restoring connectivity, protecting and enhancing
instream flow and water quality, increasing habitat
diversity and complexity, restoring floodplain and offchannel function, restoring natural sediment delivery
process, replacing nutrients, and reducing the impacts
of non-native species. In general actions implemented
since that time have contributed toward achieving these
objectives, but few actions have been taken to restore
natural sediment delivery processes, replace nutrients,
and reduce non-native species.

Biological Strategy
Restoring the productivity of salmon and steelhead
70%

habitat in the Upper Columbia requires a prioritization
of habitat actions to maximize the benefit derived
from limited funding. The RTT Biological Strategy
documents biological considerations for the protection
and restoration of habitat in order to provide a
technical foundation for setting priorities. The intent
of the document is to provide support and guidance
on implementing the Recovery Plan. The Biological
Strategy provides guidance on habitat actions that
are expected to contribute to the improved status of
the VSP parameters. As stated above, priority areas
and ecological concerns have been identified for
each assessment unit within the region. Alignment of
restoration and protection actions with the Biological
Strategy is important to assess how well regional
implementation is aligned with regional strategy.
Overall, completed projects (1996-2012) focused on the
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2%
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NONE
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priority areas currently identified by the RTT, although roughly 24% of restoration
projects did not fall within any Biological Strategy priority area for restoration. All
of the completed protection projects were within priority areas for protection.
Over half of the projects implemented between 1996 and 2012 addressed a high
(ranked 1-3) or medium (ranked 4-6) ecological concern identified in the current
RTT Biological Strategy. Several ecological concerns in select assessment units
have been largely alleviated by habitat work over the past decade. This included
anthropogenic barriers in the Chumstick watershed of the Wenatchee, flow
in Loup Loup Creek, water temperature and fish passage in Omak Creek, and
fish passage in Salmon Creek in the Okanogan. Although implementation was
generally aligned with priority ecological concerns, a high proportion of projects
did not address a ranked ecological concern for the assessment unit in which
they occurred. This is likely the result of a refined understanding of ecological
concerns over time (e.g. the project occurred at a time when there were not
ranked ecological concerns), or due to an opportunity to address an issue that
would improve habitat but was maybe not a ranked ecological concern (e.g. a
barrier in an area where barriers overall where not an issue).
In general, floodplain condition tended to be overrepresented in habitat work
and decreased water quantity, instream structural complexity, and altered
primary productivity tended to be under-represented in implementation. This
was true when we looked at both the regional and assessment unit scale. As
noted previously, instream structural complexity and instream flow (decreased
water quantity) projects have increased dramatically in the past 5 years (50-70%
since 2007) as funding and opportunities became available. The increase in effort
in these areas will help ensure these two important ecological concerns are being
adequately addressed.
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Omak Creek in the Okanogan subbasin has
been identified as a priority for restoration.
In 2000, partners restored fish passage to 5
miles of the creek and restored over a mile of
spawning and rearing habitat for steelhead.

ALIGNING HABITAT PROJECTS WITH REGIONAL PRIORITIES

Recovery Plan

Habitat Potential (Intrinsic Potential)
A heat map showing an interpolation of IP data (see below)
shows that there are more areas of high intrinsic potential
for steelhead than for Chinook. By the nature of having
more habitat available for restoration, more projects
between 1996-2012 benefitted steelhead than did spring
Chinook (97% versus 71%). Similarly, more projects were
sited within high IP habitat for steelhead compared with
the number sited with high IP habitat for spring Chinook.
Across the region, almost 34% of projects were within high
IP habitat for steelhead compared to 9% of projects within
high IP habitat for spring Chinook.

Spring Chinook
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Spring Chinook Habitat Potential (IP)

Steelhead Habitat Potential (IP)

The Recovery Plan includes a gap analysis of survival
changes needed to meet abundance and productivity
viability criteria for Upper Columbia species. The results
of this analysis showed that productivity of spring
Chinook could increase 14-17% under a scenario of low
restoration implementation (33%) and could increase 1653% under a scenario of high restoration implementation
(100%). Productivity of steelhead could increase 8-49%
under the low intensity scenario and 12-66% under the
high intensity scenario. The intensity of habitat actions
implemented in the future will determine what increase
in productivity can be expected from habitat actions,
and how much of a gap in productivity will persist.

condition. Improvements are expressed as the sum of
the percentage points of movement between current
habitat function and potential future habitat function
that would be realized by implementing the suite of
proposed mitigation projects. Based on the estimates of
habitat improvement that were made by the Expert Panel
in 2012 and the expected outcomes (based on reported
metrics from projects) our percent progress in terms of
habitat function. To do this we used the number of miles
improved as a surrogate for progress and calculated
a per-metric outcome of 0.0025% per mile. Applying
this to the miles we have improved since 1996 we have
achieved 4 - 6% progress. The majority of that progress
in habitat work was since 2007 with 1% prior to 1996 and
3-5% after 2007 when the Recovery Plan was approved.

The FCRPS Expert Panel process described in previous
sections sets up estimates of future restoration potential
in the context of current and potential percent function Based on estimated restoration potential, the biggest
of ecological concerns for each assessment unit in remaining opportunities for habitat work address
the region. Comparing current percent function to instream structural complexity, decreased water quantity
potential future percent function (restoration potential), (flow), anthropogenic barriers, and altered primary
by ecological concern, and by assessment unit, we can productivity. Looking more specifically at restoration
provide an estimate of the potential for alleviating potential in high priority areas for restoration, the largest
ecological concerns and habitat function across the entire gaps are slightly different (instream structural complexity
region. According to this information, the restoration and decreased water quantity (flow), anthropogenic
potential (or the gap in habitat function) is estimated barriers, increased sediment quantity, and side channel
and wetland conditions). Comparing the ecological
to be 15%. This represents the potential to
concerns that have been addressed in the
improve habitat status if all potential
past with the remaining restoration
actions (given known physical,
potential identified above, it
social,
and
economic
REGIONAL HABITAT GAP
would appear that future
considerations)
were
projects may need to
implemented. Broken
address slightly different
out by subbasin there
ecological
concerns.
is an 11% gap in
Habitat
effort in
the
Okanogan,
Condition Increased
at
Time
of
instream
structural
10% gap in the
Listings
complexity, decreased
Methow,
16%
4-6%
water quantity (flow),
gap in the Entiat,
Current
Habitat
and altered primary
and 15% gap in
Condition
productivity
may
the Wenatchee.
15%
be needed. Shifts
In addition to
in geographic focus
assessing current
may also need to occur
and
potential
with more emphasis in
Estimated
future
habitat
Restoration the future in the Entiat
Potential
function, the Expert
watershed. where the largest
Panel process assesses
habitat gap remains.
Estimated Range
improvements in habitat
of Historic Conditions

ALIGNING HABITAT PROJECTS WITH REGIONAL PRIORITIES

Intrinsic potential (IP) is one of the metrics that can be
used to assess the quality of spawning and rearing habitat
and relative habitat potential. Streams vary in intrinsic
potential (i.e., potential quality and quantity of spawning/
rearing habitat) because of differences in geology,
geomorphology, valley width, elevation, stream size,
gradient, and other factors. Projects that improve habitat
quantity and quality within streams of high intrinsic
potential, or provide access to such habitat, presumably
have a higher biological benefit than those in areas that
have low or no intrinsic potential.

19

RESTORATION POTENTIAL

When

the

Recovery

Plan

was

developed

these effects. Project effectiveness monitoring

partners were sure to acknowledge that a critical conducted by a variety of organizations confirms
uncertainty associated with its implementation previous knowledge about fish response to habitat
was the effect of management actions or strategies

restoration. In general, projects have been able to

on the environment, on life-stage specific survival meet their biological objectives (if stated) and to
rates, and on population level responses. This
uncertainty

remains

positively influence habitat characteristics at the
intended scale. The benefit of these observed small-

today, but we have scale responses to overall tributary or population
gained insight into recovery has not been assessed, but we examined
several lines of evidence to assess the
potential benefit that habitat
work in the region
has had.

Direct evidence of the fish response of habitat work in
the region is limited. Most habitat projects are aimed
at restoring or enhancing watershed processes and/
or habitat conditions. Monitoring of these projects
primarily focuses on the habitat response and only
rarely focuses on the actual biological response in
the target fish species or population. Based on our
assessment of projects conducted over the past
5 years, only a small proportion (<10%) of projects
have had any level of fish monitoring, or effectiveness
monitoring, associated with them. A much greater
proportion have had habitat effectiveness or basic
implementation monitoring completed.
Habitat monitoring indicates a short-term habitat
response and the ability of projects to meet their
habitat objectives. Projects have been shown to
provide enhanced habitat for fish, at least within the
first few years after implementation. The lack of longterm habitat monitoring a specific project sites limits
the ability to assess long-term benefits. The lack of
established fish-habitat relationships prevents us
from drawing major conclusions about the benefits
of these habitat improvements to fish or populations
although we do have limited evidence that fish do
benefit from these improvements in habitat.

It is difficult to draw broad conclusions from sitebased fish monitoring efforts since the methods
have been inconsistent and the results are mixed
in terms of fish response. Looking more specifically
at different project types, fish passage projects that
have been monitored have shown juvenile and adult
fish movement into the newly accessible habitat
(e.g. projects in Chumstick Creek, Stormy Creek,
Beaver Creek, Chewuch River, and Loup Loup Creek).
Side channel and off-channel pond restoration
monitoring has shown salmon and steelhead using
newly created or re-opened habitat (e.g. Middle
Methow, Elbow Coulee, mainstem side channels and
ponds in the Entiat, Lower Wenatchee, Nason Creek,
and Hancock Springs). Projects that have restored
flow in flow-limited creeks and reaches have shown
an immediate local fish response (e.g. Loup Loup
Creek).
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Below we summarize the direct and indirect
evidence for the potential benefits of habitat work
to listed species. Direct evidence comes from actual
fish monitoring at habitat projects sites and indirect
evidence comes from 1) habitat responses; 2) statewide effectiveness monitoring of fish and habitat
responses; and 3) comparable evidence of fish
responses in literature.

ASSESSING BENEFITS TO SALMON AND STEELHEAD

ASSESSING BENEFITS TO SALMON AND STEELHEAD

abundance or density is informative, it is difficult targeted at the highest priority ecological concerns
to link this type of response to improved survival

in the highest priority areas (as identified in the RTT

or productivity at larger scales or to translate this

Biological Strategy) will have the greatest benefit

into progress toward recovery. The influence of to the population, and will move the populations
restoration on survival and growth has not been and the species toward recovery. Progress toward
thoroughly explored in the Upper Columbia region, recovery can be assessed a variety of different
and responses at the reach or population scale has

ways. In this report we summarize how habitat

yet to be determined. Efforts in the Methow and

actions could contribute toward recovery of listed

Entiat Intensively Monitored Watersheds (IMWs) Upper Columbia species based on the potential
may provide some evidence of the response at contribution of habitat work to viable salmonid
these scales in the future (within 5-10 years). population criteria (VSP).
There is an untested assumption that improved
conditions will benefit the target species, although

Abundance and Productivity
Abundance and productivity can be directly influenced

the type and extent of benefit varies and is difficult

pre-spawn mortality and SAR). For spring Chinook the estimated target egg-to-emigrant survival is 12.5% (range of
4.5% - 17%). With both poor ocean conditions and high pre-spawn mortality egg-to-emigrant survival would need
to be much higher for both species to achieve target abundances (20% for steelhead and 29% for spring Chinook).
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Number of Natural-Origin Spawers

Simple
scenarios
looking
at spawner abundance as a
function of life-stage specific
survival can be informative about
how much habitat improvement
(egg-to-emigrant survival as a
surrogate) would be needed to
achieve abundance recovery
targets for each species. Using
a basic model with the current
12-year geomean for abundance
as the input, an average number
of eggs per female, and the
recovery target abundance as
the goal we calculated the eggto-emigrant survival that would
be needed to achieve the target
number of spawners under
different scenarios of good
and poor ocean conditions,
and high and low pre-spawn
mortality levels. Under average
conditions (SAR=2%, PSM=50%)
we estimated a target egg-to
emigrant survival of 6.5% (2 12% range based on ranges of

Number of Natural-Origin Spawners

SURVIVAL SCENARIOS
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Given a restoration potential of 15% and an assumption that this translates into an equal potential for improvement
in survival (a 1:1 relationship as assumed by experts) this would equate to an average egg-to-emigrant survival
of 1.3% for steelhead and 4.14% egg-to-emigrant for spring Chinook. These increases would not be enough on
their own to achieve the target spawner abundances for each species. Therefore, as pointed out in the Recovery
Plan, recovery will likely not be possible without other changes beyond just habitat. If recent returns continue
to improve (due to a variety of
improvements across the life cycle of
REGIONAL SURVIAL GAP
regional populations) or the survival
improvements from habitat are
Steelhead - 1%
Current:
Spring Chinook - 4%
beyond a 1:1 relationship this scenario
an s
would change and the gap in survival
ce n
O itio
d
Ba ond
would not be as substantial.
C
More robust life cycle models are
currently being developed by NOAA,
WDFW, and partners in Upper
Columbia subbasins to provide better
estimates of the effect of life-stage
specific survival improvements on
overall abundance and productivity.
These models are expected to provide
more insight into the benefits incurred
from improvements in habitat quality
and freshwater survival.

Target:
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Although a positive response in project-scale fish to monitor. Currently, we assume that those actions

spawners. Habitat projects can influence life history
diversity but this generally is not a large contributor
to the life history risk rating as used by NOAA-NMFS
in the Upper Columbia populations. Spatial structure
can be directly influenced by habitat project that
result in fish passage to previously blocked habitat.
A large proportion of the early habitat work in the
Upper Columbia did just this, opening up almost
300 miles of habitat that had previously been
blocked. This equates to 13% of total available
anadromous habitat in the region (2,233 miles).
Despite this achievement a proportion of habitat
in the region still remains inaccessible, especially in
the Okanogan subbasin. Fish passage has still been
noted as one of the largest habitat gaps, although
Spatial Structure and Diversity
many of the high priority fish passage barriers have
In most cases diversity is not controlled by habitat been addressed.
conditions, but rather is more directly influenced
by genetic introgression from hatchery-origin
by tributary habitat projects because of the
benefits to life stage-specific survival (specifically
egg-to-emigrant and pre-spawn mortality) and
therefore overall freshwater productivity. There
is no guarantee that improved tributary survival
will result in higher spawner abundance, because
factors outside the natal rearing tributaries may
limit the production of spawners. Although there is
little direct evidence of the effect of habitat actions
on tributary survival and productivity, projects have
improved rearing, holding, and migratory habitat
across the region in the primary areas of production
and addressed primary ecological concerns in those
areas.

PROGRESS TOWARD RECOVERY

PROGRESS TOWARD RECOVERY - HABITAT PERSPECTIVE

The Recovery Plan is built on a solid foundation To help address key information gaps the most
of science. A productive, efficient, scientifically- important regional information, analyses, and tools
sound monitoring effort in the Upper Columbia are currently:
essential

for

planning

and

adaptively •
managing for future implementation, and for

Status and trends of habitat in core spawning
and rearing areas related to ecological concerns
and summarized at the tributary, assessment
unit, and reach scale.

evaluating and understanding the benefits of
past accomplishments. Updated science and
information is critical, not only in identifying, •

Robust effectiveness monitoring at the reach
scale.

prioritizing, and implementing projects, but to
understand our ability to meet habitat goals and •

Modeling tools that can incorporate monitoring
data to help inform implementation and evaluate
recovery scenarios (e.g., EDT and Life Cycle
Modeling).

objectives at a variety of scales, from the project to
the region.
Some of the uncertainties identified in the Recovery •
Plan remain today as important information gaps
that can affect our ability to meet recovery goals.
Resolution of these uncertainties will greatly improve •
our chances of attaining these goals. Specifically
related to freshwater tributary habitat, information
related to habitat status and trends, habitat actions
and their effectiveness, life-stage survival and limiting
factors, life history and habitat use, and productivity
and carrying capacity are all important, especially at
the tributary and reach scale.
Basic, summarized data on habitat status and trends
and fish survival is critical to tracking progress and
identifying the most appropriate habitat actions in
the most appropriate places to achieve recovery in an
effective way. Recognizing that monitoring programs
are designed and funded for a variety of purposes,
the following recommendations are intended to
identify the data and information that would be most
helpful for answering key management questions.
Based on current information gaps we need a better
understanding of habitat status and fish survival at the
population scale, a better understanding of how fish
respond to habitat actions, and a better understanding
of how habitat actions contribute to recovery

Status and trends of abundance, survival, and
life history of freshwater life stages at the
population scale.
Tributary productivity and carrying capacity for
different life stages.

Models that can incorporate different life stages
and factors that influence survival can provide
important information about survival bottlenecks
and can inform the type of projects needed to
achieve recovery.
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EMERGING ISSUES
Several emerging issues related to salmon and
steelhead habitat have the potential to have a large
effect on our ability to achieve recovery. Future
changes in temperature and precipitation could
have regional effects on the timing and distribution
of flow, water quality, ocean conditions, and the
susceptibility of areas to expansion and introduction
by non-native species. Toxic pollutants throughout
the Columbia River are well documented and
continue to be a growing concern. The collective
impacts of contaminants on Upper Columbia
fish that migrate through the lower Columbia are
unknown. Non-native species are a major threat to
the region and to the Columbia basin as a whole.
Non-native species can lead to changes in food webs
and genetic diversity and can increase predation
rates. They can also affect habitat in other ways

through changes to ecosystem function. Many of
these potential impacts have not been explored.
Uncertainty about the carrying capacity of freshwater
habitats has been identified as a high priority for
research, management, and restoration activities.
Carrying capacity has rarely been considered within
the regional planning context; however, it ultimately
could constrain our ability to meet recovery goals.
Carrying capacity should be considered across
all habitats and life stages. Carrying capacity
naturally changes over time and should be tracked
to adaptively manage habitat programs in the
region so that the appropriate habitat actions are
implemented in the appropriate order to achieve
increased productivity (e.g. targeting the limited life
stage and its associated habitat).

DATA GAPS AND EMERGING ISSUES

is

The M2 restoration project reconnected floodplain
and improved river complexity in an important
mainstem spawning and rearing area for Chinook
and steelhead in the Methow River.
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DATA GAPS AND INFORMATION NEEDS

Functional habitat is essential to the recovery and longterm sustainability of listed salmon and steelhead in
the Upper Columbia. Salmon and steelhead abundance,
productivity, diversity, and spatial structure are
inherently maintained by complex and resilient habitats.
This report indicates that progress has occurred across
the region to improve habitat (~4-6%), but a large
amount of habitat work at the regional level remains.
A refined understanding of the habitat potential that
exists and how it is related to life-stage species survival
will improve effectiveness at increasing productivity and
meeting recovery goals. Comprehensively addressing
major data gaps and information needs across the region
builds a better understanding of, and improves our
ability to assess and track the benefits of habitat work
and its contribution to recovery.
The UCSRB and its partners in salmon recovery intend
to continue salmon recovery efforts in a transparent
and adaptive process to restore habitat and fish
populations. In just a short period of time many of the
major restoration opportunities in the region have
been addressed. The number of salmon and steelhead
returning to the Upper Columbia is higher than it was
five years ago, with populations generally trending up or
staying the same. While this is very encouraging there is
more work to be done. Large improvements in tributary

survival are needed to achieve recovery targets along
with complimentary improvements in survival of other
life stages. Habitat restoration and protection continues
to be the sole tool that can contribute to tributary survival
improvements and is ultimately the key to the long-term
sustainability of salmon populations. This work must
continue. Better and more refined information and tools
facilitates adaptive management to strategically target
habitat work in the future and confirm that habitat
improvement actions are having the desired outcomes
for both habitat and fish.
Within the next few years we expect that additional
monitoring, data analysis, and modeling efforts will refine
our collective understanding of habitat restoration, its
benefits to populations, and its contribution to recovery.
These efforts should continue to be supported, and
research and monitoring that helps to better understand
these questions should be encouraged. In the future, this
effort to summarize habitat actions will be expanded and
this information will be integrated into a comprehensive
view of recovery. Looking across the four H’s will foster
progress to track information from all management
sectors that influence progress toward recovery.
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