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SUMMARY
Problem

The abundance of many populations of Pacific salmon (Oncorhynchus sp.) in Washington,
Oregon and California has declined dramatically over the last 150 years (Nehlsen et al. 1991;
Stouder et al. 1997). Over the last three decades 27 distinct groups of Pacific salmon (termed
Evolutionarily Significant Units or ESUs; McElhany et al. 2000) across five species, representing
hundreds of populations coast-wide, have been listed under the endangered Species Act
because of danger of extinction. Four Puget Sound salmonid ESUs have been protected under
the ESA since 1999: Chinook Salmon, steelhead (anadromous Rainbow Trout O. mykiss) Hood
Canal and Strait of Juan de Fuca summer-run Chum Salmon O. keta, and Bull Trout Salvelinus
confluentus. These legal protections launched a region-wide effort to recover Pacific salmon
(Bond and Lake 2003; Katz et al. 2007; Beechie et al. 2008; Barnas et al. 2015).
Despite the substantial investments made in habitat restoration and protection for salmon
recovery, the response of vulnerable salmon and steelhead populations has been disappointing
(NWFSC 2015, Willams et al. 2016, PSP 2019. In Puget Sound, abundance trends for Puget
Sound Chinook Salmon have not shown positive responses to restoration efforts, despite more
resources being dedicated to this species than the other listed Puget Sound fish populations
combined. Most populations of Puget Sound steelhead also have declined in abundance.
In this paper, we examine reasons why Pacific salmon in the Puget Sound may not be showing
signs of improvement to habitat restoration programs and conclude with some suggestions that
may improve effectiveness of efforts in Puget Sound. The analysis provided is not intended as a
criticism of efforts to date. In fact, there is evidence that many restoration actions have had
beneficial effects of aquatic habitats. (Krall et al. 2020). However, progress towards salmon
recovery goals has been much slower than anticipated and some understanding of why may be
helpful in to improving the effectiveness of restoration programs moving forward.
Why are we not seeing progress?
Identifying the most important constraints on salmon response is challenging. Recovery
depends not only on an understanding of the biology of the fish. Social, economic, legal, and
political considerations also influence restoration. The challenge of operating in this socialecological system make salmon recovery complex. In practice, restoration must consider three
major factors to be successful: the characteristics of the watershed, the characteristics of the
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fish populations, and the characteristics of the restoration actions. Successful restoration
depends on matching the location, scale, and intensity of restoration activities to the
characteristics of the watershed and the fish populations with the goal of improving survival
and growth of the fish. Furthermore, detecting a response in abundance or productivity and
learning to improve restoration success requires monitoring.
Considering these challenges, we posit five key reasons that explain the apparent slow
response to restoration efforts.
1. Insufficient time has elapsed for the effects of habitat restoration on the fish to be
fully expressed.
2. Not enough restoration has been implemented to cause a detectable change in
salmon populations.
3. Projects being implemented are not addressing the key factors constraining salmon
(the wrong actions or the wrong locations).
4. Habitat degradation is occurring rapidly enough to offset any benefits associated
with restoration efforts.
5. Monitoring of responses to restoration efforts have not been adequate to separate
the increase in salmon abundance or salmon productivity (signal) from the temporal
variation (noise) due to factors other than habitat condition, such as variation in
ocean conditions.
These reasons for lack of response are not mutually exclusive. It is very likely all are
contributing to various degrees across Puget Sound watersheds and salmon populations.
However, the relative importance of each factor varies by location and project type and may
vary seasonally or from year to year.
Not enough time has passed
This explanation reflects the fact that fish response to freshwater and near-shore marine
habitat restoration efforts may take a considerable time to be fully expressed. As most
restoration activity in the Puget Sound region began with ESA listing, it is likely that the full
effect of many projects has not yet occurred. Projects can take decades to have the desired
effect on habitat functions. Even projects that are intended to rapidly alter channel form (e.g.,
in-channel wood placement or levee setback) may require multiple storm flows for the channel
to adjust (Roni and Beechie 2013). Therefore, it could require several years or more before the
habitat benefits of a project are fully realized, especially in systems that have been severely
altered. Response patterns of estuarine and nearshore restoration efforts are highly variable
with the trajectory depending upon the functional attributes being targeted by restoration, the
project type and its location, the types and levels of stressors, antecedent conditions, and
changes in the landscape setting (Simenstad et al. 2006; David et al. 2014; (Simenstad et al.
1991; NRC 1992: Simenstad et al, 2001).
Fish response to habitat changes caused by a restoration action also take time, often multiple
generations. Salmon and steelhead have life cycles that require 2 to 5 years to complete.
2

Therefore, fish response to a restoration project may require decades to be fully expressed
even after habitat changes are complete. And recovery of certain population attributes, like
diversity and spatial structure, may take longer to respond than abundance.
Not enough restoration has been done
This explanation focuses on the size and intensity of restoration activities. A lack of fish
response in a watershed could simply be because not enough restoration effort has occurred to
elicit a detectable response. The amount of habitat restoration required for salmon to respond
will depend on watershed conditions, initial abundance of the fish, the effects of factors outside
the watershed, such as ocean productivity, and the types of projects and their location.
Restoration that is not matched to the scale of the watershed, current status of habitat
conditions and salmon life histories, even if it is well-done, is unlikely to generate detectable
increases in salmon populations and productivity.
Modeling based on the results from experimental studies evaluating the effectiveness of
habitat restoration suggest that the amount of restoration that is required to cause a
detectable increase in salmon populations can be substantial. Roni et al. (2010) concluded
based on modeling that restoration of 20% of floodplain and in-channel habitat would be
required to produce a 25% increase in Coho Salmon and Steelhead smolt production (the
minimum level considered detectable by most monitoring programs). The proportion of
historic salmon habitat that has been restored to date in most Puget Sound watersheds is small
compared to the amount of restoration estimated to be required to cause a detectable increase
in salmon abundance. This fact adds credence to the explanation that lack of fish response is
due, at least in part, to inadequate investment in restoration.
We are not doing the right things in the right places at the right times
This explanation focuses on the importance of identifying the factors and locations of the
factors that are constraining salmon production. Appropriate assessments are critical to
diagnosing problems and identifying potential remedies to factors limiting salmon production.
Recovery plans developed from assessments in the 1990s and early 2000s have guided much of
the habitat restoration actions for ESA-listed species in the Puget Sound. Most relied initially on
an identification of limiting habitat factors based on qualitative assessment of nine standard
factors in each watershed: fish access, floodplains, riparian areas, sedimentation, large woody
debris, pools, water quality, and high and low flows (Smith 2005). In many watersheds this was
followed with reach-scale analyses using the Ecosystem Diagnosis and Treatment (EDT) model,
which applies qualitative and quantitative assessments of habitat conditions to predict fish
abundance, productivity, and diversity (Blair et al. 2009). Useful as these are, neither is
adequate to evaluate all the factors that control salmon production, growth, and survival over
time and location.
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Limiting factors vary spatially. Therefore, location is a critically important component of
restoration planning. Certain locations consistently produce more fish than others (Figure 5).
Assessments that are too coarse often fail to prioritize these sites for restoration. Locations
that support high levels of fish production possess consistent combinations of natural, physical
attributes. Consequently, focusing restoration actions at locations that have underlying features
indicating a high potential for fish production could greatly enhance the probability of
generating a positive fish response from a restoration program, whereas restoration actions at
other locations may provide limited responses.
Several important conclusions emerge from the evaluation of current habitat assessment
processes. First, no single tool can do everything. Multiple analyses are necessary. Second, tools
are constantly improving to address factors previously not considered, such as trophic system
dynamics and climate change (Railsback et al. 2009; Penaluna et al. 2015, Benjamin and
Bellmore 2016), and to make better decisions. Third, use of these is often limited by availability
of funding because they may require data and analyses that are not usually part of restoration
planning, although the cost of doing the analyses is usually much less than the cost of
implementing a large, unsuccessful restoration project. Finally, most of these analyses of focus
on the biophysical elements of restoration planning and implementation and ignore the social
elements, such as interactions between individuals, organizations, and cultural norms and
values, which are often the key factors that determine whether the right project can be
implemented in the right place at the right time (Ban et al. 2013)

Continuing habitat degradation is masking the beneficial effects of restoration actions
A net improvement in salmon habitat quantity and quality requires that the amount of habitat
degradation that occurs must be less than the amount of habitat that is being restored. An
ever-increasing human population in the Puget Sound region, acting in concert with impacts
from climate change, has contributed to the degradation of habitat conditions throughout the
region for the last century. Some of the benefits from habitat restoration efforts in Puget
Sound are being offset by continued degradation of habitat. However, lack of comprehensive
habitat trend data for the region limits our ability to contrast rates of degradation and
restoration. To make this determination, a program that monitors trends in habitat condition
comprehensively and consistently uses a statistically valid design across the entire Puget Sound
region would be required.
Monitoring to detect a salmon population response to restoration; monitoring has been
unable to separate signal from noise.
Monitoring is an essential part of salmon recovery. The need for monitoring of both freshwater
and estuarine restoration actions has been identified as critical for many decades (NRC 1996).
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Monitoring determines the biological and physical effectiveness of restoration actions, guides
future restoration efforts, and help ensure that funds are spent wisely. Monitoring is the
linchpin of adaptive management process and adaptive learning.
Monitoring of salmon, restoration, and habitat conditions throughout the Pacific Northwest has
expanded rapidly since the ESA listing of Puget Sound ESUs in the late 1990’s. Our goal in this
report is not to critique monitoring efforts but rather to ask about the ability of monitoring
efforts to detect a population response to restoration. This issue has three parts which we will
consider:
1. How has the habitat changed and what is the role of restoration actions in these
changes?
2. What are demographic changes in salmon populations?
3. Can we link habitat changes to salmon population changes?
Generally, monitoring has improved in the Puget Sound region over the last twenty years. There
are multiple programs, managed by tribes and federal and state agencies, that collect habitat
information and are beginning to provide information that will help evaluate regional trends in
habitat quality. The Puget Sound Ecosystem Monitoring Program (PSEMP) also is developing
monitoring systems to characterize trends in habitat condition.
Fish monitoring also has improved in the recent past. Most large watersheds in the region now
monitor smolt production and adult spawner population attributes. However, habitat changes
cause by restoration also can influence other demographic parameters considered critical for
salmon recovery including productivity, diversity, and spatial structure, all elements that define
viable salmon populations (VSP; McElhaney et al. 1999). The full suite of VSP attributes is
important for salmon recovery in that collectively they contribute to salmon population
resilience to perturbations. Our ability to fully assess the effectiveness of restoration actions
would be enhanced by continuing to expand the fish monitoring effort in the region.
Despite the resources being devoted to measure habitat condition and fish populations there
has been comparatively little effort to use existing data to evaluate the effectiveness of habitat
restoration actions, especially at large scales such as basin and watershed. This type of analysis
is difficult, given the fact that habitat actions are applied at a reach scale while most fish data is
collected at the scale of an entire, large watershed. It is unlikely that a single, or even multiple,
habitat restoration projects could generate a sufficient response in freshwater output or adult
returns to be detectable at the scale at which the fish data are collected. Linking restoration
actions to fish population responses also is complicated by the effect of confounding factors
such as climate change, marine conditions, and toxic chemicals in Puget Sound and the ocean.
These confounding factors make it difficult to separate the signal (restoration) from the noise
(other factors that affect Chinook salmon populations).
Conservation Principles as Guidance for Restoration
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Over the last three decades, the conservation goals for fisheries management have been in a
state of flux. Nevertheless, the goals and principles for the conservation of fish populations
converged on the general purpose of maintaining and restoring the ecosystems upon which fish
species depend (Starnes et al. 1995). The Puget Sound presents an unusual challenge to the
recovery of salmon. Much of the native landscape has been irretrievably altered and critical
processes, structures, and functions that historically supported salmon have been significantly
modified, greatly complicating the task of salmon recovery. The National Research Council
provided a useful template for sequentially implementing restoration actions in the publication
The Restoration of Aquatic Ecosystems (NRC 1992). This strategic approach to restoration can
be used as an over-arching guide for designing and implementing restoration activities.
However, successful application of these principles requires considerable knowledge of the
physical and biological characteristics of the ecosystems that are the targets of the activities.
Nevertheless, this framework provides a structure that should enable more efficient utilization
of the limited restoration resources we have available in the Puget Sound region.

Recommendations for Improving Restoration Effectiveness
1. Be patient. Restoration is not a short-term proposition. As many restoration actions will

require many years/decades to be fully functional, restoration practitioners and managers
must be patient. The full response of salmon to restoration actions taken over the last two
decades has not yet been fully expressed.
a. Taking the long view requires an acknowledgement of potential lags in effect. These
lags may be geomorphic, biogeochemical, biological and demographic—related to
population and genetic dynamics--and may be on the order of months to decades.
These lags should be acknowledged and considered when assessing restoration
program effectiveness.
b. Once lags are described and intermediate checkpoints are in place, monitor the
indicators and develop potential actions if intermediate objectives are not met.
These actions may require modification of the project or adjustment of the timeline
achieving the desired effects.

2. Not enough has been done: Increasing the restoration effort in the region will require additional

resources. However, there may be opportunities to stretch the resources currently available.
Doing more can be facilitated by closer coordination among agencies, tribes and other organizations
engaged in restoration activities. An effective restoration program will integrate (not just
acknowledge) actions and activities from various agencies and other restoration actors. Such
integration can multiply the effectiveness of actions that would otherwise be isolated from each
other.

3. Improve identification of locations where action would be of greatest benefit. Productive
potential varies greatly due to relatively immutable watershed characteristics like geology,
climate and channel gradient and floodplain characteristics. Focusing restoration efforts at
locations with the greatest opportunity to respond could increase probability of a
restoration action generating a detectable fish response.
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4. Where possible, focus on restoring processes rather than creating habitat features. Both
estuarine and freshwater restoration science have advocated for many years that
restoration should focus on the identification and correction of impaired watershed
processes. However, we recognize that restoring processes may not be possible for much
of Puget Sound where human development precludes the restoration of natural processes
responsible for habitat creation and maintenance. For example, measures have been taken
to minimize the effects of many habitat-forming processes, like channel migration and
avulsion, and restoring these processes in many locations is no longer feasible. Therefore,
restoration approaches may need to be expanded to include projects implemented in
situations where full restoration of processes cannot occur and accept that periodic actions
to maintain desired habitat attributes will be required.
5. Implement restoration actions that improve salmon population resilience. Given the
uncertainties associated with climate change, building resilience into the system during
restoration will be beneficial.
6. Make better use of established principles of ecosystem recovery to guide the development
of watershed restoration plans.
7. Look for opportunities to focus monitoring programs to address deficiencies in our current
system. Comprehensive habitat monitoring is required to determine if the current level of
restoration is sufficient to offset ongoing habitat degradation. Coordinate fish monitoring
with assessments of restoration project effectiveness to enable assessments of VSP
parameter responses to habitat restoration.
8. Compare and contrast salmon recovery in Puget Sound with other large-scale restoration
endeavors, such as the Mississippi River Delta, Chesapeake Bay, to look for ways to improve
the Puget Sound program.
9. Improve use of models to both understand results of past actions and forecast future
results. Models represent one way that data from monitoring efforts can be linked to
assess the linkage between restoration, habitat change, and fish response.
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Factors Limiting Progress in Salmon Recovery
The Problem
The abundance of many populations of Pacific salmon (Oncorhynchus sp.) in Washington,
Oregon and California has declined dramatically over the last 150 years (Nehlsen et al. 1991;
Stouder et al. 1997). Over the last three decades 27 distinct groups of Pacific salmon (termed
Evolutionarily Significant Units or ESUs; McElhany et al. 2000) across five species, representing
hundreds of populations coast-wide, have been listed under the endangered Species Act
because of danger of extinction. Four Puget Sound salmonid ESUs have been protected under
the ESA since 1999: Chinook Salmon (Oncorhynchus twchawytscha)t steelhead (anadromous
Rainbow Trout O. mykiss) Hood Canal and Strait of Juan de Fuca summer-run Chum Salmon (O.
keta), and Bull Trout (Salvelinus confluentus). These legal protections launched a region-wide,
decades-long effort to recover Pacific salmon (Bond and Lake 2003; Katz et al. 2007; Beechie et
al. 2008; Barnas et al. 2015). Despite the substantial investments made in salmon recovery, the
response of vulnerable salmon and steelhead populations has been disappointing.
Salmon recovery is a complex socio-ecological challenge that must address multiple, interacting
drivers, pressures, environmental conditions, and impacts on salmon and the ecosystem
services they support (Figure 1). Due to the economic, cultural and ecological significance of
these fishes in the Pacific Northwest, many different programs were established over the last
twenty years across the region to address different aspects of this social-ecological system.
Because degraded freshwater and estuarine habitats were consistently identified as important
conditions contributing to poor salmon survival and low abundances in nearly all listed ESUs,
habitat restoration and protection have been a major focus. The allocation of considerable
resources to those ends has led to the implementation of more aquatic habitat restoration
projects in the Pacific Northwest than anywhere else in the United States (Bernhardt et al.
2005). Billions of dollars have been dedicated to this effort over the last several decades (GAO
2002, NMFS 2014). However, reviews of the status of these salmon have generally failed to
detect improvements (NWFSC 2015, Williams et al. 2016, PSP 2019).
In this paper, we examine reasons why Pacific salmon in the Puget Sound may not be showing
signs of improvement to habitat restoration programs and conclude with some suggestions that
may improve effectiveness of efforts in Puget Sound. The analysis provided is not intend as a
criticism of efforts to date. In fact, there is good evidence that many restoration actions have
been beneficial to aquatic habitats (Krall et al. 2020). However, progress towards recovery
goals has been much slower than anticipated and some understanding of why may be helpful in
improving the effectiveness of restoration programs in Puget Sound moving forward and may
prove useful in other regions of the Pacific Northwest that are addressing similar issues.
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Figure 1. Driver-Pressure-State-Impact-Response (DPSIR) conceptual model of Pacific salmon recovery.
Impacts are expressed as changes in ecosystem service (Leemans and De Groot 2003). Arrows indicate
interactions among DPSIR elements and arrowed loops indicate multiple interactions of attributes within
DPSIR elements.

Salmon Recovery in Puget Sound
Recovery efforts for salmon Puget Sound have been underway for over 20 years. Modifications
of harvest, hatchery, hydropower, and management strategies have been implemented. More
than $527 million were spent in the region on salmon recovery between 1999 and 2017, with
about 37% spent on habitat restoration (GSRO 2018). The largest effort, geographically and by
resources allocated, has been directed towards Chinook Salmon, which occupy all the large
river systems draining into the Puget Sound.
Organizing for Bottom Up & Top Down Solutions
The Puget Sound region has a unique, formal administrative structure that guides habitat
restoration and protection programs. It places much of the accountability for identifying habitat
problems, proposing solutions, and implementing habitat restoration and protection projects
with local watershed groups while providing centralized mechanisms for distributing funding to
support projects. The focus on local responsibility was a reaction to earlier, failed efforts to
address environmental concerns using centralized, state agencies that did not recognize the
importance of local jurisdictions in land use decisions (Brock et al. 2008). These local watershed
groups, known as Lead Entities (LE, Figure 2), were originally created by the Legislature in 1998
to voluntarily coordinate local expertise in water resource planning, but they became the basis
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for 14 watershed planning groups that developed local watershed-based recovery plans under a
collaborative, private-public partnership to write federally-approved, region-wide ESA recovery
plans. The Legislature also created an independent, centralized body, the Salmon Recovery
Funding Board (SRFB) composed of five citizens and five state agency directors, to distribute
funding allocated by the U.S. Congress and the State to the local watershed groups and tribes.
Although habitat projects are proposed and vetted locally, the SRFB is assisted by a technical
review panel that identifies potential technical concerns with proposed projects. With the
adoption of federally approved ESA recovery plans, the Puget Sound Partnership (PSP), a state
agency established in 2007 to lead efforts to improve the condition of the Puget Sound
ecosystem, assumed coordination of LE activities. PSP is guided by priorities determined by the
Puget Sound Salmon Recovery Council, which is comprised of representatives for state and
federal agencies, Puget Sound tribes, local jurisdictions, agriculture and business entities, and
non-governmental environmental organizations.

Figure 2. Locations of lead entities involved in salmon recovery in the Puget Sound (RCO 2020)

A Diversity of Problems and Projects
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Puget Sound watershed recovery plans have consistently identified the degradation of
spawning, rearing and migration habitats from diverse causes as factors associated with the
decline of salmon populations (Figure 3, PSP 2014). This is consistent with all other salmonproducing geographies in the Pacific Northwest, (Nehlsen et al. 1991; Gregory and Bisson 1997,
NWIFC 2016). However, salmon habitat is a complicated concept, with multiple, diverse
interacting pressures, stressors, landscape features and ecological processes that occur across

Figure 3. Key pressures and stressors affecting different habitats and ecosystems components in Puget
Sound watersheds as reflected by the percent of watersheds that identified these relationships in their
Chinook Salmon recovery planning (PSP 2014).
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geographically diverse Puget Sound ecosystems, including streams of the Cascade and Olympic
mountains, brackish tide waters of river deltas, and nearshore coastal habitats (Figure 3). Each
of these ecosystems has its own set of problems and hence requires different sets of actions for
successful restoration. This has led to restoration programs that have implemented actions
across the full range of anadromous fish habitats in Puget Sound.
Detecting Progress
Response to restoration activities can be evaluated as progress towards salmon recovery goals.
Puget Sound salmon recovery goals are based on changes in two interacting indicators:
abundance of natural-origin spawners and population growth rate, commonly called
“productivity” (NMFS 2006, NMFS 2007, NMFS 2019). Productivities are often assessed by how
many offspring return to spawn per spawner in the previous generation as well as a variety of
statistical metrics estimated by fitting population growth models to the population abundance
data. To date, however, fish response to restoration actions has primarily been evaluated by
changes in adult abundance, which are easier to measure and easier for the public and decision
makers to understand.
Trends in abundance vary across ESUs, reflecting not only responses to recovery actions but
also uncertainty in measuring abundances and detecting trends. For example, abundances of
Hood Canal and Strait of Juan de Fuca summer Chum Salmon have increased to near recovery
goals (NWFSC 2015, GSRO 2018). This ESU has a limited geographical distribution, well-defined
habitat problems, and a focused, coordinated effort to implement appropriate recovery
strategies and monitor responses. Puget Sound steelhead, which did not have a recovery plan
until 2019 (NMFS 2019), have declined in abundance overall with small increases in only a few
of the 32 populations over the last five years. However, detecting trends in steelhead
abundance is hampered by inadequate monitoring and limited data (NWFSC 2015, Cram 2018).
Population trend information for Puget Sound Bull Trout is not available (USFWS 2015) and
consequently, the response of this species to recovery actions cannot be assessed. The
abundance trends for Puget Sound Chinook Salmon do to not show positive responses to
restoration efforts, despite more resources being dedicated to this species than the other listed
fish populations combined. Responses among the 22 populations within this ESU vary (NWFSC
2015, GSRO 2018, PSP 2019), but the majority remain far below levels established for recovery.
As of 2018, only three populations, all in the Skagit River watershed, have met the adult
abundance objectives, and these populations have met the objectives only in some years. The
other populations are all well below the abundance and growth rate levels set for recovery.
Why are we not seeing progress?
Given the effort and resources that have been directed towards salmon recovery in the Puget
Sound region over the last 20 years, the disappointing fish response, especially by Chinook
Salmon, is puzzling and raises questions. Have our efforts really been effective? How do we
know? What are the causes for the lack of apparent progress?
12

Identifying the most important constraints on salmon response is challenging. Recovery
depends not only on an understanding of the biology of the fish; social, economic, legal, and
political considerations also influence restoration. The challenge of operating in this socialecological system make salmon recovery complex. Lack of fish response could result from
failures to address key drivers, failure to identify important pressures, not accounting for
interactions among pressures, and lack of good information on the environmental conditions
and their impacts (Fig. 2). They could also reflect political trade-offs between the human
derived benefits from pressures and their impacts on the environment, insufficient capacity to
implement and monitor projects, and lack of adequate regulatory support. They could arise
from failure to coordinate across the agencies and authorities with management responsibility
for factors influencing salmon, which are often grouped into the “4-Hs” – habitat, harvest,
hatcheries, and hydropower – for simplicity (Ruckelshaus et al. 2002).
In practice, restoration must consider three major factors to be successful: the characteristics of
the watershed, the characteristics of the fish populations, and the characteristics of the
restoration actions. Successful restoration depends on matching the location, scale, and
intensity of restoration activities to the characteristics of the watershed and the fish
populations with the goal of improving survival and growth of the fish. Furthermore, detecting
a response in abundance or productivity and learning to improve restoration success requires
monitoring.
Considering these challenges, we posit five key reasons that, we believe, are major factors in
the apparent lack of salmon response to restoration efforts:
•
•
•
•
•

Insufficient time has elapsed for the effects of habitat restoration on the fish to be fully
expressed.
Not enough restoration has been implemented to cause a detectable change in salmon
populations.
Projects being implemented are not addressing the key factors constraining salmon (the
wrong actions or the wrong locations).
Habitat degradation is occurring rapidly enough to offset any benefits associated with
restoration efforts.
Monitoring of responses to restoration efforts have not been adequate to separate the
signal (increase in salmon abundance or salmon productivity) from the noise (temporal
variation due to factors other than habitat condition, such as variation in ocean
conditions).

All these factors have likely contributed to the lack of response. However, the relative
importance of each factor varies by location and project type and may vary seasonally or from
year to year. Below we summarize the evidence for and discuss the role that each of these five
factors may be playing in the disappointing response of salmon to recovery efforts in Puget
Sound.
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Figure 2. Characteristics that affect the success of restoration projects in increasing fish abundance and
productivity (expanded from Roni 2019).

Not enough time has passed
This factor focuses on differences in response times of the ecological processes that are
targeted for restoration and subsequent response of the fish (Figure 4). Ecological processes
have highly variable response times to the application of restoration treatments; some
processes inherently take longer than others. In cases where an ecological process with a slow
response time has been the target of a restoration action, not enough time may have passed
for fish responses to be detected.
Salmon restoration projects often require years to plan, design, permit, and implement.
However, even after project execution, a considerable period may be required before the full
benefits of a project to the target fish population are expressed, response time varying by the
type of project, project location, conditions and characteristics of the site before restoration,
natural variation in climate, adjacency to other habitat types, and the ecological processes to be
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restored. As a result, some projects can take decades to have the desired effect on habitat
condition. For example, riparian plantings are typically done to improve water temperature,
reduce bank erosion and provide a future source of large wood (Meleason et al. 2003). All
three of these conservation objectives require the trees to grow to substantial size. Effective
shading requires trees tall enough to block sunlight and bank erosion protection requires the
development of extensive root systems in the stream bank and riparian area. Development of
these properties can take a decade for small streams (D’Souza et al. 2011) and longer for larger
channels (Welty et al. 2002). A much longer time is required for trees to develop to the point
where they contribute wood to channels (Beechie et al. 2000; Welty et al. 2002). Riparian trees
must grow large enough to contribute pieces of wood large enough to maintain position in the
channel at high flows to have the desired effects on channel form and material transport (Bilby
and Ward 1989). Model projections of the time required for a riparian stand to begin
contributing wood to streams in the coastal Pacific Northwest are approximately 80 years
(Beechie et al. 2000; Welty et al. 2002; Meleason et al. 2003).
Even projects that are intended to rapidly alter channel form (e.g., in-channel wood placement)
may require several storm flows for the channel to adjust (Roni and Beechie 2013). Therefore, it
could require several years or more before these flows occur and the habitat benefits of a
project are fully realized, especially in systems that have been severely altered.
Response patterns of estuarine and nearshore restoration efforts are highly variable with the
trajectory depending upon the functional attributes being targeted by restoration (e.g., primary
production, channel morphology, vegetation), the project type and its location, the types and
levels of stressors, antecedent conditions, and changes in the landscape setting (Simenstad et
al. 1991; NRC 1992: Simenstad et al, 2001; Simenstad et al. 2006; David et al. 2014). One of the
most common estuarine restoration actions is breaching or removing dikes in deltas. Some
system attributes recover rapidly after dike removal (Shreffler et al. 1998; Gray et al. 2002). For
example, juvenile salmon often colonize sites that are made available by dike modification
within the first 2-3 years post restoration (Shrefler et al. 1998; Tanner et al. 2002; Gray et al.
2002; Ellings et al. 2016). But many processes respond more slowly. Properties like organic
matter production, vegetative communities, channel morphology, food web relations and other
habitat characteristics evolve slowly after breaching (Lucas et al. 2002). These properties can
take varying amounts of time to develop, depending on the process and project. In the
Nisqually River Estuary, foraging performance and growth potential of juvenile Chinook Salmon
were similar between restored and reference tidal channels (David et al. 2014). However,
Chinook Salmon densities were significantly lower in the restored channels than in the
reference channels. Further, growth potential was more variable in the restored channels due
to their more variable and warmer (2°C) water temperatures (David et al. 2014; Ellings et al.
2016). A marsh restoration project in the Puyallup River estuary resulted in some processes
recovering rapidly (within 5 years) while others were on a much longer time trajectory
(Simenstad and Thom 1996). In general, Simenstad and Thom (1996) concluded from their work
in the Puyullap Estuary that predicting the development trajectories for some of these
processes was difficult.
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The high degree of interannually variability in salmon abundances caused by factors, like
variation in ocean productivity and the effects of weather patterns on freshwater habitats, can
also delay our ability to detect a fish response to restoration (Bennett et al. 2017). Due to this
variation, even with a good monitoring program it can take a decade or longer to detect
relatively large changes in salmon abundance (Table 1). For example, detecting a 45-50%
increase of Coho Salmon (O. kisutch) in Hood Canal streams would take 12 years of monitoring.
Detecting a smaller increase would take longer.
The response time to habitat changes can also be complicated by the size and spatial
distribution of the population itself. For example, metapopulation modeling suggests that there
may be time lags between the loss of habitat and decreases in abundance and growth rate
(Levins 1969, Hanksi et al. 1996, McCarthy et al. 1997, Cooper and Mangel 1999). Changes in
population abundance may be masked until enough habitat is lost and sub-populations go
extinct. The same may be said of population growth rates: measured growth rates may remain
stable even as population numbers drop because the remaining habitat retains high
productivity (McElhany et al. 2000).
The loss of sub-populations reduces the spatial structure of the overall population and often
increases the distance between surviving groups. As distance between surviving subpopulations increases, recolonization rates decline, and extinction risk can increase. For
example, an empirical study of a bull trout metapopulation (Dunham and Reiman 1999) found a
decrease in habitat occupancy with increasing distance from occupied habitat. We suggest that
the recovery of subpopulations to restored habitats may face similar time lags as small, isolated
populations with low recolonization potential struggle to occupy the newly created habitats. In
a paper by Nagelkerke et al (2002), time lags to landscape change can occur because small,
fragmented populations face increased stochastic variability that can increase their extinction
rate and reduce their colonization rate. In these cases (according to theory), metapopulkation
expansion (and recovery) can be slow. Slow recovery can lead us to unjustified pessimism,
however, and we should be cautious when lags are predicted.
Table 1. Estimated length of time required to detect a statistical change in fish
abundance for three Washington watersheds after full restoration. (Anderson et al.
2015)

Location
Asotin River
Hood Canal:
• Big Beef Cr.
• Seabeck Cr.
• Little Anderson Cr.
Lower Columbia River

Basin Size
(km2)
58-165
<0.3

59-75

Response Indicator
Juvenile steelhead density
Coho smolt abundance

Coho smolt abundance

% Increase to
Detect Change
100
45-49

Time
(Yrs)
7
12

42-47

10
16

•

Germany Cr.

•

Abernathy Cr.

Steelhead smolt
abundance
Chinook smolt abundance

30-52

10

78-99

10

Not enough restoration has been done
This explanation focuses on the size and intensity of restoration activities. A lack of fish
response in a watershed could simply be due to the fact that not enough restoration effort has
occurred to elicit a response. Nearly every stream kilometer available to salmon within Puget
Sound watersheds has undergone some alteration of conditions affecting fish survival. The
amount of habitat restoration required for salmon to respond will depend on watershed
conditions, initial abundance of the fish, the effects of factors outside the watershed, such as
ocean productivity, and the types of projects and their location (Figure 2). Restoration that is
not matched to the scale of the watershed, current status of habitat conditions and salmon life
histories, even if it is well-done, is unlikely to generate detectable increases in salmon
populations and productivity.
How Much Is Enough?
Identifying how much restoration is required to cause a detectable response by salmon is a
challenge. There have been two approaches to addressing this question. One approach is to
use models that link fish populations with habitat conditions (Mobrand et al. 1998; Crozier et al.
2008; Scheuerell et al. 2009; Bartz et al. 2009; Honea et al. 2009; Failke et al 2013; McHugh et
al. 2017; Roni et al. 2018; Pess and Jordan 2019). The Ecosystem Diagnosis and Treatment
(EDT) model (Blair et al. 2009, Thompson et al. 2009), SHIRAZ (Scheuerell et al. 2011), and a
variety of other life cycle models (e.g., Zeug et a. 2012, Zabel and Jordan 2020) have been used
to evaluate effects of physical habitat changes on salmon populations and used to help develop
habitat strategies and actions for many Puget Sound watersheds. Some models have the
flexibility to assess different restoration scenarios and compare salmon response among
alternatives. Some models also have the capacity to operate at different spatial scales, can be
linked to other models and incorporate external forcing like the ocean conditions and climate
change. One of the limitations of using models to determine the level of restoration effort
necessary to produce a desired response from salmon is the need for detailed data on habitat
condition and the fact that the relationships between habitat condition and fish populations are
highly variable (Roni and Beechie 2013). Nonetheless, these tools do provide an objective
method of estimating how much restoration effort would be required in a watershed to achieve
a desired population response.
Another approach to estimating how much restoration is needed to cause a desired level of fish
response is to use information from intensively monitored watershed (IMW) studies (e.g., Bilby
et al. 2005; Zimmerman et al. 2012; Bennett et al 2016; Anderson et al. 2019). These studies
empirically assess the responses of salmon to habitat restoration treatments. Generally, these
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studies incorporate statistical designs based on comparison of treatment and control areas at a
scale large enough to assess the full life-cycle response of the target fish population.
Treatments are often applied to a substantial proportion of a drainage network within one
watershed and use an untreated watershed as a reference (Bennett et al. 2016). Consequently,
the approach is most tractable in small and medium sized watersheds where treatments can be
applied to a substantial proportion of the drainage network, enhancing the chances of
generating a detectable fish response. Seventeen IMWs have been implemented in the Pacific
Northwest (Bennett et al. 2016, Hillman et al. 2019). Eventually, as these studies mature, they
should provide considerable insight into the question of how much restoration is enough.
Although some IMW studies have been ongoing for longer than a decade, the answer to how
much is enough is not yet apparent from this work.
One notable IMW study has examined the aggregate effect of many restoration projects in the
Middle Fork of the John Day River in the Columbia River watershed (IMWWG 2017). The study
evaluated the effects of over 100 restoration actions implemented over approximately the last
decade. No increase in freshwater salmonid productivity could be detected. Similarly, a recent
evaluation of Coho salmon response to barrier removal and wood placement projects in an
IMW study on Hood Canal found that barrier removal had a positive impact on smolt
production but there was no response related to the large wood placement effort (Anderson et
al. 2019). These results, along with model estimates of fish response to restoration, suggest
that a large amount of restoration may be required to increase salmon populations in a
watershed. Roni et al. (2010) concluded, based on modeling, that on average 20% of floodplain
and in-channel habitat would have to be restored to produce a 25% increase in Coho Salmon
and steelhead smolt production (the minimum level considered detectable by most monitoring
programs). However, the analysis also suggested that fish response (changes in density or
abundance) was highly variable. As a result, to be 95% certain of achieving a 25% increase in
smolt production for either species, 100% of the habitat in the watershed would need to be
restored . This point is corroborated by empirical results from several studies in the Pacific
Northwest. The results of the John Day IMW, mentioned above, are one example (IMWWG
2017). In the Chilliwack River, British Columbia a positive fish response was detected. Restoring
157 km2 of floodplain in this system (about 26% of the total floodplain area) increased Coho
Salmon populations by 27- 34% (Ogston et al. 2015).
These results suggest that in many watersheds a large proportion of damaged habitat will need
to be restored to produce detectable increases in salmon abundance and productivity. This is
an intimidating proposition given the many constraints on restoration that exist in the Puget
Sound region. Many areas, such as the central Puget Sound, have been so heavily impacted by
urbanization and industrial development that full restoration of salmon habitat may not be
feasible and this land conversion will likely continue to support the ever-expanding human
population in the region (Figure 3; Marsik and Alberti 2010). These include some of the major
Chinook Salmon bearing rivers and estuaries. In aggregate, 55.5% of the wetlands (234 km2)
historically present in the 16 largest deltas of Puget Sound, all of which support Chinook salmon
populations, have been eliminated (Fresh et al. 2011).
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Figure 3. Projected population increase and change in landcover types for four, central Puget
Sound counties (Pierce, King, Snohomish and Kitsap counties) over the next 30 years (Marsik and
Alberti 2010).

We are not doing the right things in the right places at the right times
This is an on-going process. Understanding the conditions in the watershed and the
characteristics of the population that are limiting growth and survival as well as the human
values that might limit on-the-ground implementation, such as landowner willingness, are
essential for choosing the best restoration actions, where they should be located, and their size
and intensity (Figure 4). Simply increasing capacity to implement restoration actions is unlikely
to produce more fish by itself, unless it is based on assessing watershed conditions, identifying
limits habitat conditions and fish life stages, selecting appropriate restoration techniques to
address the problems, prioritizing and sequencing actions, and implementing well-conceived
designs for the restoration project. Fewer numbers of the right projects could generate greater
detectable fish responses if these projects were located at sites with the greatest potential to
support salmon production (Burnett et al. 2007).
Appropriate assessments are critical to diagnosing problems accurately and identifying
potential remedies to factors limiting salmon production. Recovery plans developed from
assessments in the 1990s and early 2000s have guided much of the habitat restoration actions
for ESA-listed species in the Puget Sound. Most relied initially on an identification of limiting
habitat factors based on qualitative assessment of nine standard factors in each watershed: fish
access, floodplains, riparian areas, sedimentation, large woody debris, pools, water quality, and
high and low flows (Smith 2005). In many watersheds this was followed with reach-scale
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analyses using the Ecosystem Diagnosis and Treatment (EDT) model, which applies qualitative
and quantitative assessments of habitat conditions to predict fish abundance, productivity, and
diversity (Blair et al. 2009). Useful as these are, neither is adequate to evaluate all the factors
that control salmon production, growth, and survival over time and location.
Limiting factors analyses tend to be general assessments focused on major habitat elements.
These and other methods may not provide accurate diagnoses if the limiting factor is not
closely related to one of these elements assessed, if the relationships to salmon life history are
poorly understood, or if the assessment scale is too coarse. Historical precedents for this are
well known. Prior to 1980, large wood in streams was considered an impediment to fish
passage and was actively removed to increase salmon abundance (Bisson et al. 1987).
Subsequent research on the influence of large wood on stream function determined this
assumption wrong (Swanson et al. 1976, Bilby and Likens 1980) and wood placement in streams
has become one of the most widely applied restoration actions (House and Boehne 1987,
Mellina and Hinch 2009, Roni and Beechie 2013). Likewise, the lethal and sublethal impacts of
urban storm water runoff from roads on juvenile and adult Coho Salmon (Scholz et al. 2011,
Chow et al. 2019, Tian et al. 2021) were unknown prior to 2000. Responses of Coho Salmon to
habitat restoration executed at sites impacted by storm water were likely compromised even
when the projects were well designed and executed.
Similarly, food webs are rarely assessed for restoration planning, although it is likely that
trophic system dynamics are more important for salmon abundance, biomass, and growth rate
than currently appreciated by restoration practitioners. As an example, Kaylor and Warren
(2017) evaluated the relationship between Cutthroat Trout (Salmon clarki) and factors such as
water quality, physical habitat (e.g., pool frequency and wood abundance), and food web
properties (e.g., primary production rate and invertebrate biomass). Physical habitat features
traditionally assessed in restoration planning explained very little of the among stream
variation in cutthroat trout biomass, whereas several measures of trophic productivity were
closely associated with trout biomass (Fig 4). The generality of this result is difficult to assess
because the effect of food web structure and energy flow on salmonid production has been
evaluated in relatively few studies. However, studies that have been done consistently find a
close association between measures of food web energy flow and salmonid abundance,
biomass, and growth rate (Murphy and Hall 1981; Bisson and Sedell 1982; Bilby and Bisson
1992; Wilzbach et al. 2005; Kaylor and Warren 2017).
Over the last decade several stream food web models have been developed that can help
integrate the relative effect of physical habitat and trophic dynamics on salmon productivity
(Railsback et al. 2009; Whitney et al. 2019). These models have been used in a variety of
applications, including a projection of land use and climate change impacts on trout production
in streams of the Oregon Coast Range (Penaluna et al. 2015) and response of salmonid fishes to
stream restoration (Benjamin and Bellmore 2016). However, a substantial amount of data on
habitat condition, water quality and trophic system condition are required as input to these
models to ensure a reliable prediction. This wealth of information is rarely available for a given
stream reach. In the future, collection of the required data and use of tools like these models
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to help more reliably identify limiting factors and select restoration sites and restoration actions
could greatly increase the probability of generating a measurable increase in salmon
production. Even in the absence of the required data to run these models, recent research
clearly indicates that an increased emphasis on trophic processes in restoration planning and
project selection is warranted.

Figure 4. Relationship between wood and cutthroat trout (Oncorhynchus clarki) biomass and
invertebrate biomass and trout biomass for 18 stream reaches in the Oregon Cascades.
Drawn for data presented in Kaylor and Warren (2017).
Location is a critically important component of restoration planning. Certain locations
consistently produce more fish than others (Figure 5). Assessments that are too coarse could
miss these as sites for restoration. This spatial variation has been studied in Coho Salmon (Pess
et al. 2001; Burnett et al. 2007; Steel et al 2017), Chinook Salmon (Feist et al. 2003) and
steelhead (Steel et al. 2004). All these studies emphasize that locations that support high levels
of fish production possess consistent combinations of natural, physical attributes.
Consequently, focusing restoration actions at locations that have underlying features indicating
a high potential for fish production could greatly enhance the probability of generating a
positive fish response from a restoration program, whereas restoration actions at other
locations may provide limited responses. Reconstruction of the historic spatial structure of a
population can also be an aid to locating these high potential areas and focusing our restoration
activities in the areas where sub-populations once existed. This approach can potentially
restore the connectivity among subpopulations so critical to genetic exchange and increase the
resilience of the overall population.
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Figure 5: Spatial variation in the abundance of spawning Coho salmon among 84 stream
reaches in central Puget Sound (Lake Washington, Snohomish, Stillaguamish and Skagit
watersheds). Abundance is expressed as the annual average proportion of spawning
salmon utilizing each site over an 18-year period. Error bars represent 1 standard error.
From Bilby and Mollot (2008).
Continuing to improve diagnoses and assessments rather than relying on findings that are
decades old is essential for ensuring that the right restoration occurs in the right places and the
right times. Fortunately, the number and variety of tools to address these challenges have
greatly expanded and improved in the last two decades as have the challenges of using them.
Roni et al (2018) reviewed some of the tools available against six steps in restoration and
recovery planning: setting goals, assessing conditions, identifying the source of the problems,
selecting restoration techniques, prioritizing actions and projects, and design and monitoring.
We summarized these in Table 2 and we also included decision support models, which Roni et
al. (2018) did not consider, because these are increasing used to help make structured,
transparent decisions where there are multiple, conflicting objectives.
Several important conclusions emerge from this review. First, no single tool can do everything.
Multiple analyses are necessary. Second, tools are constantly improving to address factors
previously not considered, such as trophic system dynamics and climate change (Railsback et al.
2009; Penaluna et al. 2015, Benjamin and Bellmore 2016), and to make better decisions. Third,
use of these is often limited by availability of funding because they may require data and
analyses that are not usually part of restoration planning, although the cost of doing the
analyses is usually much less than the cost of implementing a large, unsuccessful restoration
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project. Finally, most of these analyses of focus on the biophysical elements of restoration
planning and implementation and ignore the social elements, such as interactions between
individuals, organizations, and cultural norms and values, which are often the key factors that
determine whether the right project can be implemented in the right place at the right time
(Ban et al. 2013)

23

X
X
X
X
X
X

X
X

X
X
X

X
X
X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X

X

X
X
X

X
X
X

X
X
X

Design &
Monitoring

Prioritize Actions
& Projects

Select
Restoration
Techniques

Identify Problems
& Actions

Assess Condition

Tools
Models
Limiting factors
Life-cycle
Ecosystem Diagnosis & Treatment
Intrinsic potential
Climate change
Food web
Watershed Assessments
Sediment budget
Hydrology
Water Quality/Nutrients
Riparian mapping
Floodplain condition
Connectivity
BOR reach assessment
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Juvenile fish surveys
Effectiveness monitoring
Decision Support
Multi-attribute utility theory
Structured decision making
Analytical hierarchy/network process

Set Goals

Table 2. Applications of different kinds of salmon recovery diagnosis and planning tools
(developed from Roni et al. 2018), which contains examples and literature references.
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The bias in restoration science towards biophysical analyses often leads to the criticism that
many project selections appear to be influenced more by opportunity, such as willing
landowners, than by the potential to generate a response from the target fish population. The
emphasis on biophysical characteristics in project identification and selection is a major
difference between restoration planning and implementation on public lands or on large
private holdings where the landowner is interested in restoration (e.g., timber companies,
game parks) compared with restoration in landscapes where potential sites are privately held
by many different owners. Practitioners recognize that in the latter landscape, successful
selection and implementation is influenced by a suite of ecological and social factors (Knight
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and Cowling 2007), which may be harder to predict or quantify. What has been missing are
frameworks for restoration planning and implementation that explicitly incorporate both of
these kinds factors as part of a socio-ecological system (Ban et al. 2013). Because practitioners
often address social factors by more ad hoc methods than biophysical factors, it creates a false
dichotomy between opportunistic and strategic planning. The social sciences offer a variety of
analytical tools, such as mapping social and human dimensions of conservation opportunity,
that can help resolve this (Knight et al. 2013, Ben et al. 2013). Decision support tools, such as
structure decision making (http://www.structureddecisionmaking.org, Gregory et al. 2012) and
modeling tools, such multi-attribute utility theory (Keeney et al. 1993), analytic hierarchy
process (Saaty 1980), or analytic network process (Saaty 1996) offer quantitative methods of
documenting and exploring the trade-offs among the multiple objectives encountered in socioecological restoration decisions.
Continuing habitat degradation is masking the beneficial effects of restoration actions
For there to be a net improvement in salmon habitat quantity and quality, the amount of
habitat loss/degradation that occurs must be less than the amount of habitat that is being
restored. Some of the benefits from habitat restoration efforts are being offset by continued
degradation of habitat. Lack of comprehensive habitat data for the region limits our ability to
compare rates of degradation and restoration. However, comparisons are possible for certain
habitat types as the PSP tracks changes in several habitat features that are important to salmon
as part of their Vital Signs Program. Since 2011 the amount of nearshore armoring permitted
since 2011 is greater than the amount removed by 0.3 miles. There has been little change in
the total area of eelgrass in Puget Sound since 2011 despite considerable effort dedicated to
increasing this metric.at least for these metrics there is evidence that gains from restoration are
being offset by continued degradation.
An ever-increasing human population (Figure E) in the Puget Sound region, acting in concert
with impacts from climate change, will cause habitat impacts throughout the region for the
foreseeable future. As of 2019 Puget Sound is home to over 5 million people (OFM 2019) and
projections indicate that population in the region will increase by another 1.1 million people by
2040 (OFM 2017). Stream restoration in urban settings can be difficult due to the types,
diversity and intensity of impacts that result from commercial, industrial and residential
development (Paul and Meyer 2001; Nelson et al. 2009).
Reducing ongoing damage to key salmon habitats can be achieved by developing a
comprehensive understanding of where these locations are and implementing measures to
protect these sites. There are several protection tools available. Enhancing land use regulation
can be effective in some situations. Purchasing especially critical habitat that is in danger of
conversion is an option when regulatory constraints do not provide adequate protection. There
are a number of other options that are also being used to secure important salmon habitats
including conservation easements, mitigation banking and tax incentives.
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While considerable progress in restoring Puget Sound habitats has been made over the last 3 to
4 decades, it is difficult, if not impossible, to determine at a region-wide scale what the net
change in habitat. To make this determination, a program that monitors habitat condition
consistently using a statistically valid design across the entire Puget Sound region would be
required. (We consider this issue in the following section on monitoring)
Monitoring to detect a salmon population response to restoration; monitoring has been
unable to separate signal from noise.
Monitoring is an essential part of salmon recovery. The need for monitoring of both freshwater
and estuarine restoration actions has been identified as critical for many decades (NRC 1996).
Monitoring determines the biological and physical effectiveness of restoration actions, guides
future restoration efforts, and help ensure that funds are spent wisely. Monitoring is the
linchpin of adaptive management process and adaptive learning.
Monitoring of salmon, restoration, and habitat conditions throughout the Pacific Northwest has
expanded rapidly since the ESA listing of Puget Sound ESUs in the late 1990’s. Our goal in this
report is not to critique monitoring efforts but rather to ask about the ability of monitoring
efforts to detect a population response to restoration. This issue has three parts which we will
consider:
4. How has the habitat changed and what is the role of restoration actions in these
changes?
5. What are demographic changes in salmon populations?
6. Can we link habitat changes to salmon population changes?
Depending on the question or purpose, monitoring can occur at scales ranging from the site or
habitat scale to the watershed scale. Monitoring can evaluate a single project action, a cluster
of project actions or all the actions in an area and can evaluate biotic or physical attributes.
Because of the nature of the issue we are considering, our focus here is on larger scale
monitoring.
Habitat Changes
Several comprehensive habitat monitoring programs have been fruitfully used to inform
restoration efforts in the PNW. A monitoring program implemented by the Oregon Department
of Fish and Wildlife (ODFW) on the Oregon Coast in the 1990s has enabled evaluation of regionwide trends in habitat condition of tributary streams (Anlauf et al. 2011). The U.S. Forest
Service implemented an aquatic habitat monitoring program, termed AREMP (Aquatic and
Riparian Effectiveness Monitoring Plan) to track response to the implementation of the
Northwest Forest Plan (Reeves et al. 2004). Both programs are still active. The Oregon Program
has considered adding other habitat types, such as estuaries to the suite of habitats they
monitor.
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Although Puget Sound does not have a single, large habitat monitoring program as
comprehensive as AREMP or the ODFW program. The Washington Department of Ecological
initiated the statewide Watershed Health Monitoring program in 2009 building on the template
of the Washington Comprehensive Monitoring Strategy and Action Plan for Watershed Health
and Salmon Recovery (Crawford et al 2002) to track water quality, biological, riparian, and
landscape indicators of watershed condition (https://ecology.wa.gov/ResearchData/Monitoring-assessment/River-stream-monitoring/Habitat-monitoring/Watershed-health).
In the Puget Sound monitoring occurs at a random sampling of 50 streams and rivers. NOAA
Fisheries Salmon Habitat Status and Trend Monitoring Program (SHSTMP) was established in
2014 and provides information on the condition of large rivers, floodplains, deltas and
nearshore areas derived from remotely-sensed data
(https://www.nwfsc.noaa.gov/research/datatech/data/salmon_habitat_status/index.cfm).
The focus of this program has been on evaluating status of habitat in four major habitat types:
nearshore, large river deltas, mainstem channels, and floodplain areas. This effort is expected
to include trend analysis in the near future. In addition, NOAA Northwest Fisheries Science
Center maintains a comprehensive list of restoration projects that have been implemented in
the PNW (https://www.webapps.nwfsc.noaa.gov/apex/f?p=409:13:::::P13_CATEGORY:),
including location and a description of objectives.
In contrast, habitat monitoring in the Puget Sound is a network of watershed monitoring
programs operated by the Tribes, State of Washington, and local organizations to advance
restoration and protection. Examples of this work include the State of Our Watersheds (NWIFC
2020). The Puget Sound Ecosystem Monitoring Program (PSEMP) supports the collaboration
and communication among the different programs (https://www.psp.wa.gov/PSEMPoverview.php). PNAMP (Pacific Northwest Ambient Monitoring Program) is a forum for parties
involved in monitoring that seeks to enhance collaboration and communication.
Salmon Population Response
Habitat restoration efforts in the Puget Sound are generally intended to cause a demographic
response from salmon populations. Two of the desired responses are increases in abundance
of adult salmon and smolt output, variables that are monitored in most of the major Puget
Sound watersheds and, in some cases, began long before salmon were listed in Puget Sound
(Tab. 3). Adult abundance estimates are used by co-managers (state and tribes) to manage
salmon populations and are used by the Puget Sound Partnership as one indicator of progress
towards regional conservation objectives. Adult abundance of summer chum has improved
since listing in the early 2000 while steelhead and Chinook salmon abundance levels have been
largely unchanged since the species were listed.
Habitat changes can also influence other demographic parameters considered critical for
salmon recovery including productivity, diversity, and spatial structure, all elements that define
viable salmon populations (VSP; McElhaney et al. 1999). An example of a habitat action that
can contribute to improved spatial structure in salmon populations is removing a migration
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blockage. Other actions that can aid in recovering spatial structure include restoring habitats in
historically productive areas (source habitats) and using artificial re-colonization to re-introduce
native stocks to functional habitats (Young, K.A.1999). Although most monitoring effort has
been directed towards adult abundance, the full suite of VSP attributes important in that
collectively they contribute to salmon population resilience to perturbations or regional
changes in conditions, such as continuing development and climate change. Spatial structure
and diversity are not measured as consistently in the Puget Sound region as abundance and
productivity. In 2012, a review of how well VSP were being measured throughout Puget Sound
was conducted. There were variations both spatially (among watersheds) and among listed
species. In general, Chinook salmon populations received much more attention than other
listed ESUs.
Linking Habitat Changes to Salmon Population Response
Despite the resources being devoted to measure habitat condition and fish populations there
has been relatively little effort to use existing data to evaluate the effectiveness of habitat
restoration actions, especially at large spatial scales. This type of analysis is difficult, given the
fact that most of the fish data are collected at the scale of an entire, large watershed and
habitat actions are applied locally. Also, it is unlikely that a single, or even multiple, habitat
restoration projects, could generate a sufficient response in smolt output or adult returns to be
detectable at the scale at which the data are collected.
There have been some reach-scale assessments of fish response to certain project types, most
notably, wood placement (Roni et al. 2019). These types of assessments generally measure
parr abundance at the treated site and a nearby reference site, before and after project
implementation. While useful, these project-scale assessments do not answer the fundamental
question of whether a set of habitat restoration actions can increase survival of juvenile salmon
or steelhead through the period of freshwater rearing. Several recent studies also raise issues
about the efficacy of adding wood to streams.
Another issue with linking restoration actions to fish population responses is the effect of other
confounding factors such as climate change, toxic chemicals, and marine conditions in Puget
Sound and the ocean. These confounding factors make it difficult to separate the signal
(restoration) from the noise (other factors that affect Chinook salmon populations). An
additional complication in detecting the benefits of habitat restoration is that these actions are
being implemented in watersheds where land use actions potentially detrimental to salmon
(e.g., urban development) continue to occur. In some cases, these changes may overwhelm the
effects of restoration.
Of all the factors affecting the relationship between habitat restoration and fish populations,
the effects of climate change may be the most confounding. Although climate plays a critical
role in salmon ecology, the effects of climate vary across watersheds, and depends on the
species, populations, and life histories present (Richter, A. and S.A. Kolmes. 2005; Beechie et al.
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2008; Crozier, L.G., et al. 2008; Mantua et al. 2009). Attributes such as genetic and phenotypic
diversity will be key to the resilience of salmon to climate change. If robust relationships
between habitat restoration and salmon recovery are to be developed and used in a predictive
manner to prioritize restoration actions, the effects of climate change must be considered.
The development of climate models that resolve to the regional and population scale are
necessary to link climate effects to salmon viability and recovery. In a paper by Schindler et al.
(2008), several suggestions were made for models to accomplish just that. Such models, the
authors suggest, would reduce uncertainty when it came to developing policy for salmon
management in a changing world. These same models could provide a basis for monitoring
climate change effects on salmon populations. However, climate/population models would
probably be quite complex and beyond the capacity of most watershed groups to use. As an
outcome of the model development, the models could lead to regional and population-specific
guidance that would be much more useful.
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Table 3. Salmon monitoring efforts for adult and smolt Puget Sound Chinook salmon and
steelhead. The ESU, major population group (MPG) and population is noted. The data source
column indicates the organization responsible for collecting the data.

ESU/DPS

Listing
Year

Juveniles
MPG
Straits of
Georgia

1

Population

NF/MF Nooksack Spring
SF Nooksack Spring
Lower Skagit Fall

Lower Skagit MS/Tribs

Central/South
Sound Basin

Hood Canal

Eastern JDF

Lower Sauk
Upper Sauk
Suiattle

Cascade Spring

Upper Cascade

SF Stillaguamish Fall

1999

mainstem Skagit6

Suiattle Spring
NF Stillaguamish Summer

Chinook3

NF/MS Nooksack
SF Nooksack
Upper Skagit MS/Tribs

Upper Sauk Spring

Puget Sound

mainstem Nooksack6

Spawner Stock 2

Upper Skagit Summer
Lower Sauk Summer

Whidbey Basin

Current Smolt
Moonitoring Sites

Adults

Stillaguamish 6

Stillaguamish Summer
Stillaguamish Fall

Skykomish Summer/Fall

Skykomish

Skykomish

Snoqualmie Fall

Snoqualmie

Snoqualmie

White River Spring

none

White River

Puyallup Fall

Puyallup

Puyallup

Cedar Summer/Fall

Cedar River

Cedar

Sammamish Summer/Fall

Bear Creek

North Lake WA tribs

Green Summer/Fall

Green

Green (Duwamish)

Nisqually Summer/Fall

Nisqually

Nisqually

Skokomish Summer/Fall

none

Skokomish

Mid Hood Canal
Summer/Fall

Duckabush

Dungeness Spring/Summer

Dungeness

Dungeness

Elwha Summer/Fall

Elwha

Elwha

none (Hamma Hamma)

Mid-Hood Canal

30

Drayton Harbor Tributaries
Winter

none

Drayton Harbor Trib'sDakota Creek

Samish Winter

none

Samish River

Nooksack Winter

none

Nooksack Winter

SF Nooskack Summer

none

SF Nooksack Summer

Illabot/Hansen

Skagit Summer/WinterSkagit/Sauk/Cascade/Finne
y & other tribs

Skagit Summer/Winter
Baker Summer/Winter
North Sound

Sauk Summer/Winter
Stillaguamish Winter

Stillaguamish Winter

Pilchuck Winter
Snohomish/Skykomish
Winter
NF Skykomish Summer
Snoqualmie Winter
Tolt Summer

2007

Sauk Summer/Winter
Nookachamps Winter

Canyon Cr Summer

Steelhead4

Baker Summer/Winter

Nookachamps Winter
Deer Creek Summer

Puget Sound

mainstem Skagit

Stillaguamish

Skykomish
Snoqualmie

Deer Creek Summer
Canyon Creek Summer
Pilchuck Winter
Snohomish/Skykomish
Winter
NF Skykomish Summer
Snoqualmie Winter
Tolt Summer

N.Lake WA/Samm. Winter

Bear Creek

N.Lake WA/Samm. Winter

Cedar R. Winter

Cedar River

Cedar R. Winter

Green (Duwamish) Winter

Green River

Green (Duwamish) Winter

Puyallup/Carbon Winter

Puyallup

Central & South White River (Puyallup)
Winter
Sound
Nisqually River Winter

none
Nisqually

Puyallup Winter
Carbon River Winter
White River (Puyallup)
Winter
Nisqually River Winter
Case/Carr Inlet Winter
Eld Inlet Winter

South Sound Tribs

none

East Kitsap Winter

none

East Kitsap Winter

Big Beef

Big Beef Creek Winter

Dewatto

Dewatto Winter

Tahuya/Little Tahuya

Tahuya Winter

none (Union)

Union Winter

Skokomish

Skokomish Winter

Hamma Hamma

Hamma Hamma Winter

Duckabush

Duckabush Winter

none

Dosewallips Winter

Little Quilcene

Quilcene/Dabob Bay tribs

Snow Creek

Snow Creek

Jimmycomelately

Jimmycomelately

Bell Creek

Bell Creek

Dungeness & Mattrioti

Dungeness Winter

McDonald Creek
Ennis Creek

Strait of Juan de Fuca
Independent Tributaries
Winter - Morse and
McDonald creeks

Elwha

Elwha Winter

Totten Inlet Winter
Hammersley Inlet Winter

East Hood Canal Winter
South Hood Canal Winter
Skokomish Winter

Hood Canal &
Strait of Juan de
Fuca

West Hood Canal Winter

Sequim & Discovery bays
tributaries Winter
Dungeness Winter
Strait of Juan de Fuca
Independent Tributaries
Winter
Elwha Winter

Siebert Creek
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Hood Canal
Summer
Chum

None

Hood Canal

1999

None

Strait of Juan de Fuca

Quilcene- none

Quilcene

Dosewallips- none

Dosewallips

Duckabush

Duckabush

Hamma Hamma- none

Hamma Hamma

Lilliwaup- none

Lilliwaup

Union River- none

Union River

Tahuya River- none

Tahuya River

Dewatto River- none

Dewatto River

Big Beef Creek- none

Big Beef Creek

Jimmycomelately- none

Jimmycomelately

Snow Creek

Salmon/Snow

Chimacum Creek- none

Chimacum Creek

All populations included in this table have been designated "primary" populations for salmon recovery,
except as noted.
2
Spawner stock monitored relative to population as defined in WDFW Salmonid Stock Inventory (SaSI)
database.
3
Includes all populations where juvenile and adult abundance are monitored for Puget Sound Chinook.
4
Table includes all demographically independent populations delineated by Technical Recovery Team;
population recovery categories have not been assigned to Puget Sound steelhead.
5
Juvenile catch includes more than one population and cannot be distinguished by morphology; genetic
tools are needed to apportion juvenile data.
6
Juvenile catch includes more than one population and may be distinguished by morphology
7
Designated as "contributing" population for salmon recovery
1

Conclusions and Recommendations
We believe that the factors discussed above are all contributing to the lack of response by
salmon to restoration actions in the Puget Sound region. The relative importance of each factor
varies depending upon location and species and the relative influence of each factor may
change seasonally or among years. Certainly, there are projects for which insufficient time has
elapsed for full expression of fish response. Many restoration actions require years or decades
to achieve full function. It is an obvious fact that the probability of a positive fish response
would be enhanced if the resources available to conduct restoration were considerably
increased. We appreciate that funding for restoration has been far less than required given the
enormous scale of the problem. However, there clearly is an opportunity to utilize the
available resources more efficiently. We believe that the projects being implemented often are
often not in the most suitable locations or not addressing the key factors constraining salmon
production. This deficiency stems from three factors 1) restoration is still being driven too
much by opportunism, 2) project selection processes often do not result in projects with a high
benefit to salmon; and 3) deficiencies in identifying limiting factors. Fourth, while a thorough
analysis has not been done, we conclude that habitat degradation is occurring rapidly enough
to offset or mask some of the benefits associated with restoration efforts. Finally, we found
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much to like about monitoring efforts in Puget Sound. However, the clear weakness in ongoing
monitoring work is the inability of monitoring to link restoration, changes in habitat conditions,
and fish response at large scales (sub-basin and larger). All these factors are playing a role in
limiting fish response to restoration actions and all should be considered in attempts to make
habitat restoration more effective.
Placing the consideration of these factors in a broader conceptual framework can help to
formulate an approach to addressing the current problem. There have been numerous reports
describing the theoretical foundations of ecological restoration produced over the last 30 years.
These types of analyses are worth consideration as they serve to place more specific
recommendations in an integrated framework
Conservation Principles as Guidance for Restoration
Over the last three decades, the conservation goals for fisheries management have been in a
state of flux. Nevertheless, the goals and principles for the conservation of fish populations
have gradually converged on the general principle of maintaining and restoring the ecosystems
upon which fish species depend (Starnes et al. 1995). Others have echoed this approach as well
(OIiver, C.H., et al. 1995; Spence, B.C., et al. 1996; Francis, R.C., et al. 2007). Since the National
Research Council’s report on the state of Pacific Salmon (NRC 1996), this system-based
approach has been elaborated in several publications that provide useful principles and
detailed guidance for implementing salmon conservation goals (see especially Francis et al.
2007. Ten Commandments for Ecosystem-based Fisheries Scientists). In the publication Coastal
Salmon Conservation: Working Guidance for Comprehensive Salmon Initiatives on the Pacific
Coast (NOAA 1996), the National Marine Fisheries Service provides some detail on the
ecological structure and functions necessary for salmon recovery. The document also provides
some principles for developing and implementing recovery actions:
1. Maintain and restore natural watershed [and riparian] processes that create habitats
favorable to salmonids;
2. Maintain and restore habitats required by salmonids during all life stages;
3. Maintain and restore functional corridors linking those habitats;
4. Maintain a well-dispersed network of high quality refugia;
5. Maintain connectivity among these refugia.
Restoration efforts for many years focused on creating specific habitat characteristics and
features that reflect our perception of “good” habitat (Wohl et al 2005, Newson and Large
2006). This approach typically views habitat conditions as static rather than dynamic and
typically leads to engineered solutions that may create artificial conditions (Beechie et al. 2010).
In contrast, process-based restoration attempts to reestablish normative rates and magnitudes
of the various hydrologic, geomorphic, chemical, and biological processes responsible for
creating and maintaining habitat conditions favorable to salmonids (Peneluna et al. 2018).
Implementation of process-based restoration has proven problematic, however, mainly
because it is difficult to characterize and influence many of the basic processes that drive
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riverine ecosystem structure and function. Several attempts to develop principles for processbased activities show promise at overcoming these obstacles (Stanford et al. 1996, Beechie and
Bolton 1999, Kondolf et al. 2006, Peneluna at al. 2018).
Nonetheless, the Puget Sound presents a particular challenge for the application of processbased restoration. Much of the native landscape has been irretrievably altered and critical
processes, structures, and functions that historically supported salmon have been significantly
modified. In many cases, the restoration of natural processes is not feasible. Therefore, there
are likely to be situations where the construction and maintenance of desired habitat features
will be required to recover any of the productive capacity in some systems.

Recommendations for Improving Restoration Program Effectiveness
1. Restoration is not a short-term proposition. As many restoration actions will require

many years/decades to be fully functional, restoration practitioners and managers
must be patient. The full response of salmon to restoration actions taken over the
last two decades has not yet been fully expressed.
a. Taking the long view requires an acknowledgement of potential lags in effect.
These lags may be geomorphic, biogeochemical, biological and
demographic—related to population and genetic dynamics--and may be on
the order of months to decades. These lags should be acknowledged and
considered when assessing restoration program effectiveness.
b. Once lags are described and intermediate checkpoints are in place, monitor
the indicators and develop potential actions if intermediate objectives are
not met. These actions may require modification of the project or
adjustment of the timeline achieving the desired effects.

2. Progress against restoration goals has certainly been constrained by a lack of resources and
increasing investment in ecosystem recovery could certainly enhance chances of success.
However, there are opportunities to utilize the resources currently available more
efficiently. Closer coordination among agencies, tribes and other organizations engaged in
restoration activities would help in this regard. An effective restoration program will
integrate (not just acknowledge) actions and activities from various agencies and other
restoration actors. Such integration can multiply the effectiveness of actions that would
otherwise be isolated from each other.

3. Improving the processes being used to identify locations where restoration actions
would have the greatest chance of generating a positive fish response could greatly
enhance effectiveness of regional restoration programs. Productive potential varies
greatly among locations. This variation is partially due to degradation of habitat.
But there are relatively immutable watershed features like geology, climate and
channel gradient and floodplain topography that greatly influence productivity of a
site. Identification of the location across Puget Sound with the greatest underlying
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potential to support high levels of salmon production and focusing restoration
efforts at these locations would greatly enhance the probability of restoration
actions generating a positive fish response.
4. Both estuarine and freshwater restoration science have advocated for many years
that restoration should focus on the identification and correction of impaired
ecological processes. However, we recognize that restoring processes may not be
possible for many locations in Puget Sound due to development or other land use.
For example, measures are often implemented in developed areas to minimize
habitat-forming processes like channel migration and avulsion to minimize property
damage. Therefore, restoration programs will need to acknowledge that restoring
some of the productive potential of aquatic systems in developed environments will
require the construction of desired habitat features and accept that ongoing
maintenance of these sites may be required.
5. Given the uncertainties associated with climate change, building resilience into
aquatic ecosystem during restoration will be beneficial. Development of restoration
approaches that confer resilience to expected impacts from climate change will
require continuing efforts to predict the types of changes likely to occur in the future
and their locations and designing restoration options that account for these
changes. The application of complex models to help develop climate-resilient
restoration may be difficult for some project sponsors to apply. This problem may
be addressed by developing regional and population-based guidance reflecting the
effects of climate change on habitat restoration and salmon recovery.
6. Look for opportunities to refine monitoring programs to address deficiencies in the
current system. For example, comprehensive habitat monitoring is required to
determine if the current restoration effort is sufficient to offset ongoing habitat
degradation. Also, coordinating fish monitoring efforts with the habitat assessments
of evaluations of restoration project effectiveness might improve our ability to
assess VSP parameter responses to restoration efforts. There also are opportunities
to better utilize existing data to assess key questions about restoration program
effectiveness.
7. Some benefit might be derived by comparing ecosystem recovery in Puget Sound
with other large-scale restoration endeavors, such as the Mississippi River Delta,
Chesapeake Bay or San Francisco Bay, to look for ways to improve the Puget Sound
program.
8. A more consistent use of models to both evaluate results of past restoration actions
and forecast future results would help improve project selection. Models represent
one way that data from monitoring efforts can be linked to assess the linkage
between restoration, habitat change, and fish response.
9. Continue to evaluate the efficiency and effectiveness of institutional arrangements
that currently guide for salmon recovery management and implement efficiencies.
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