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Executive Summary







A Shared Vision — Creating a Future for People and Fish

“We have an opportunity to do something extraordinary — to save a species from expiring,
not only on our watch, but on the watch of our great grandchildren.”

King County Executive Ron Sims (Shared Strategy Summit 2005)

Across Puget Sound, leaders at all levels aspire for a future in which the Puget Sound region has demon-
strated to the world that economic prosperity, more people and a healthy environment can co-exist. The many
contributors to this draft Puget Sound Salmon Recovery Plan (the plan) hope that fifty years from now, their
great-grandchildren will be able to say:

Our elders got it right. They listened to what the salmon were telling them. Anticipating the region’s
growth, the choices they made in the early 2000’s and the hard work that followed, created the vibrant
community we share today, where both people and nature thrive and the salmon are once again
teeming in our rivers and streams.

The collective, overarching goal shared by the contributors to this plan is:

To recover self-sustaining, harvestable salmon runs in a manner that contributes to the overall health
of Puget Sound and its watersheds and allows us to enjoy and use this precious resource in concert with
our region’s economic vitality and prosperity.

Puget Sound was once home
to more populations of Chinook
salmon with a greater diversity of
traits than we have today. There
are currently 22 Chinook popula-
tions remaining. It is hard to know
precisely, but scientists believe we
have lost over 15 Chinook runs
and most of those losses were runs
that returned in the spring to their
spawning grounds. Currently, Puget
Sound Chinook salmon are at only
10% of historic numbers; in some
river basins that goes down to 1%
and this is during favorable ocean
conditions.
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The long-term goal is to achieve self-sustaining
levels of Puget Sound Chinook numbers, distribu-
tion and diversity. Plan contributors will strive to
achieve this goal in the context of a rapidly growing
human population; well over a million people are
expected to settle around the Sound in the next
fifteen years. That's the equivalent of adding a city
the size of Portland with its accompanying infra-
structure. In addition to the broad vision and goals
for the overall region, each of the fourteen local
planning areas across the Sound has its own set of
qualitative and quantitative goals.

Since many of the actions to recover Chinook
are also expected to help Coastal/Puget Sound
bull trout, this draft plan also supports US Fish and
Wildlife Service's stated goal for bull trout (USFWS,
2004): To ensure the long-term persistence of self-
sustaining, complex interacting groups of bull trout
distributed across the Coastal-Puget Sound Distinct
Population Segment, so that the species can be de-
listed. Not only will bull trout benefit from this plan,
it has become clear that many of our watershed's
ecological processes (including those that shape
the land, control water flow and content, and
govern biological activity) have evolved with and
depend on salmon. For this reason, there has been
a growing consensus in the scientific community
that salmon are a key species whose recovery will
benefit the overall ecosystem health and biodiver-
sity of the Puget Sound.

One Region, One Plan for Salmon Recovery

The Puget Sound community has a rich history
of success in restoring its environment. Cleaning up
Lake Washington in the 1960's, initiating recycling
in the 1980's, creating the Mountains to Sound
Greenway in the 1990s are just a few examples.
Based on this history, the Shared Strategy for Puget
Sound (Shared Strategy) was founded on the
conviction that people in Puget Sound have the
creativity, knowledge and resources to find lasting
solutions to complex ecological, economic and
community challenges.

The number of communities and governments
that came together in Puget Sound under a Shared
Strategy to save a species from extinction is unprec-
edented in the history of the Endangered Species
Act. Shared Strategy leaders believe that issues as
complex as salmon recovery that span urban and
rural landscapes, multiple jurisdictions and involve
actions affecting many sectors of a community
cannot be satisfactorily solved by a single entity or
point of view. So from the start, participants in the
Shared Strategy salmon recovery initiative agreed
to a voluntary, collaborative process involving
federal, state, tribal and local governments, busi-
ness representatives, the agricultural and forestry
industries, conservation and environmental groups
along with the local watershed planning areas to
develop technically sound solutions that communi-
ties can embrace.

By the time of the listing as threatened in 1999
of Puget Sound Chinook, Coastal/Puget Sound bull
trout and Hood Canal summer chum, many people
had already been working for years to protect and
restore salmon habitat, and improve harvest and
hatchery management with conservation as well
as harvest goals in mind. Rather than re-invent the
wheel, state and regional leaders agreed that it
made sense to build on efforts already underway
in the fourteen local Puget Sound watersheds
along with regional efforts for the marine waters of
Puget Sound. In 2002, the Shared Strategy created
a nonprofit organization to facilitate recovery plan
development through a five-step process agreed to
by over 200 participants. While both bull trout and
Hood Canal summer chum have their own plans,
the strategies and actions identified in those plans
and this Puget Sound salmon recovery plan are
synergistic and expected to provide benefits to all
three listed species.

Most recovery plans are typically written by the
federal agencies responsible for administering the
Endangered Species Act (ESA). Leaders in Puget
Sound took a different path because they wanted
more assurance the plan would be implemented.



They believed that involving local people in the
development of the plan would increase the
commitment to implement it and restore our
salmon runs. In this case, the National Oceanic
and Atmospheric Administration-Fisheries (NOAA)
and the U.S. Fish and Wildlife Service (USFWS),
endorsed the Shared Strategy approach and were
active participants in the collaborative process to
develop this plan.

Under the Endangered Species Act (ESA), a
recovery plan must have quantitative recovery crite-
ria and goals, identify threats to survival, site specific
management strategies and actions necessary to
address the threats, cost estimates of the actions,
and a schedule for implementation. A monitoring
and adaptive management program should also be
included. In addition to the general requirements,
this plan was directed by the recovery criteria
developed by the group of scientists appointed
by NOAA Fisheries, the Puget Sound Technical
Recovery Team (TRT). The scientists believe the
Puget Sound Evolutionarily Significant Unit (ESU) of
Chinook will have a negligible risk of extinction if:

= All watersheds improve from current conditions,
resulting in improving status for the fish.

= At least two to four Chinook populations
in each of five bio-geographical regions of
Puget Sound attain a low risk status over the
long-term.

= At least one or more populations from major
diversity groups historically present in each
of the five Puget Sound regions attain a low
risk status.

This plan meets the ESA recovery plan require-
ments under section 4(f) and if implemented in a
timely fashion will meet the criteria recommended
by the scientists.

This plan’s primary strengths rest upon three
factors: 1) the needs of fish and people are
addressed together; 2) the plan is built on the
foundation of the fourteen local watershed plan-
ning areas across Puget Sound with a tailored

approach for recovery based on local characteristics
and conditions; and 3) although this plan focuses
on Chinook recovery, it is done with the whole
ecosystem in mind and the environmental and
biological processes that create a healthy place for
the salmon. Over 137 species of birds, mammals,
amphibians and reptiles depend on salmon for one
or more stages of their life, so they too will benefit
from the protection and restoration actions to
recover salmon.

The contributors to this plan believe that the
Shared Strategy's collaborative approach and
partnership with local communities created a better
and more sustainable plan than might otherwise
have been developed. The plan's contributors
understand that this type of approach, particularly
the tailoring at the local watershed level, will need
to continue and expand dramatically in many com-
munities during the implementation phase to build
commitments to action, continue to solve problems
together, and increase the likelihood of achieving
the Puget Sound community’s vision and goals.

Building upon a Legacy of Success

“Hope is believing despite the evidence and then
watching the evidence change.”

Jim Wallis

Based on the history of success in Puget Sound,
Shared Strategy participants gained confidence
that they can accomplish seemingly difficult tasks.
This confidence allowed them to base the plan on
several key assumptions. These assumptions are
fundamental to salmon recovery and the region'’s
prosperity. To make the assumptions come true,
leaders from all sectors and communities must step
up as their predecessors did to make the tough
decisions and search for innovative solutions.

The key assumptions are:

More People and More Salmon: Perhaps the
most far-reaching assumption of this plan is that



this region can accommodate human population
growth and recover salmon runs at the same
time. Over a million more people are projected to
live in Puget Sound in the next 15 years. During
this same period, the Recovery Plan aspires to
add many more salmon, on the order of a 20%
increase. Achieving the salmon goals will require
protecting existing habitats and building more
homes for salmon (habitat restoration) as we
build more homes for people. This plan provides
the blueprint for how we can accomplish such a
Herculean task.

There Still Are Enough Fish and Habitats to
Build on For Recovery: Another fundamental
assumption of this plan is that the Puget Sound
region still has sufficient Chinook populations
left to achieve recovery in the long-term. The
22 populations left in Puget Sound represent
significant reduction in diversity from the over 30
populations believed to have existed in the past.
All remaining populations are important. Some

What does the term “Recovery” mean?

“A regaining of something lost; a return to
health; a regaining of balance, etc"

Webster's New World Dictionary
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are temporarily stable at low
levels and others are still in
decline. Scientists contribut-
ing to this plan believe we
must act quickly to protect
remaining populations and to
restore the productivity of all
Puget Sound watersheds and
marine waters. While science
doesn't have the answers to
all the tough questions, there
is enough information to act
now. Delaying or weakly
stepping into implementation
will diminish our options and
opportunities to

achieve recovery.

Science Can Help Us Make Wise Policy
Decisions: This plan was developed with a strong
partnership between scientists and policy makers at
local and regional levels. The intent behind such a
partnership is to make the best decisions to achieve
a future that supports people and the environment.
This plan is based on years of scientific observation,
testing of hypotheses, multiple lines of evidence,
monitoring and learning. The policy and technical
elements in this plan incorporate current scientific
knowledge about how to recover salmon. This plan
relies upon the continuation of a strong interface
between science and policy as new scientific
information through a robust adaptive management
and monitoring program comes to bear on future
policy decisions.

Inclusive, transparent collaborative processes
create better and more sustainable results: At
the start of the Shared Strategy salmon recovery
initiative, participants agreed to a voluntary, collab-
orative process. Collaborative processes have their
limitations too, sometimes justly criticized for taking
too long and succumbing to the lowest common
denominator. However, if done right, they still offer
the best opportunity for finding creative solutions
that address multiple interests. When people with

PUGET SOUND SALMON RECOVERY PLAN



a stake in the outcome have a say in the decisions,
they are more likely to implement them.

“Citizens are turning to these collaborative
processes with increased frequency in the West as
they realize that in many cases they are the only
path out of gridlock...the real virtue of democracy
s that it is a school. In it we learn how to manage
the public aspects of our lives, and thus, unlike
other systems of government, it is progressive-we
can actually get better at it as time goes on.”

William D. Ruckelshaus
(from Restoring Trust in Government,
or Get in the Boat and Row, 1-13-04)

Local Communities are the Essence of
Success: A fundamental assumption of this plan
is that local watershed efforts are the engine that
will lead the region to recovery. This is because
many groups had already been working for years
before the listing to improve conditions for salmon
in their local river basins. Each local watershed
area has unique assets in terms of technical ability,
partnerships and regulatory frameworks; this
plan tailors recovery strategies and actions to the
political, cultural, economic, and ecosystem needs
of individual watersheds across the Sound. These
groups know the most about what is needed and
what will work best both technically and politically
in their local areas.

L

Photo by Domonique Lewis
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This recovery plan provides a scientifically-based,
practical and cost-effective guide for restoring
and protecting salmon runs across Puget Sound.
Through this plan, the people living and working in
Puget Sound hope to secure a future with healthy
watersheds, plentiful fish, strong communities and
a viable economy.

Both Protection and Restoration of the
Ecosystem will be Necessary

The plan recognizes the dynamic and evolving
nature of salmon recovery. It should be read and
understood as a living document. The plan calls for
a combination of protection and restoration actions
as well as integrated harvest, hatchery and habitat
management approaches.

“Puget Sound is like a large water bucket, full of
habitat and life. Habitat losses are the holes in the
bucket, and many small holes can eventually drain
it. Restoration is the process of plugging the holes
while protection is to prevent new holes from
being formed, allowing the bucket to fill once
again through natural processes.”

Jacques White, The Nature Conservancy

In the face of increased human population
growth (projected at 1.4 million people by 2020)
and the impact of ongoing land use activities, the
ability to recover Chinook salmon can only occur
through a combination of habitat restoration and
protection. Today's remaining Chinook populations
depend on existing quality and quantity of salmon
habitat in the Sound's fresh and marine waters.
Any further reductions in habitat quality and
quantity will require more restoration to achieve
recovery goals. In other words, if the ‘Puget Sound
bucket' keeps on getting new holes, even while
we plug old holes, we won't get very far toward
achieving recovery goals. And eventually, given how
ecosystems work, there can come a point when
there are so many holes that the system can no
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longer be restored. Protection is needed at the
individual habitat site as well as at the ecosystem
scale to ensure the processes that create habitat
continue to function.

This recovery plan proposes substantial increases
in the abundance, productivity, spatial distribution
and diversity of existing Chinook populations to
recover their health and ensure their long-term
sustainability. The Puget Sound Technical Recovery
Team (PSTRT) identified protection of existing
and functioning habitat as most important in their
technical guidance to watersheds (PSTRT, 2002).
Protection is a more certain strategy than restora-
tion because we know that untrammeled habitats
are more likely to support species. In contrast,
restoration approaches are relatively untested,
especially at large scales. Unless we protect what
we have, habitat will continue to degrade and
restoration activities may not gain enough ground
to achieve recovery goals.

In their local plans, watersheds identified the
various regulatory, conservation, incentive and edu-
cational programs in their areas to protect salmon
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habitats and the processes that create them. The
regional protection strategy in the plan discusses
existing protection mechanisms, both voluntary

and regulatory. It points out that this region has
preserved ecological function on huge tracts of land
that are designated as national and state wilderness
areas, parks and forest lands, especially in the
upper elevations of Puget Sound watersheds. State
and local governments have also developed and
refined their regulatory programs since the 1970's
to address impacts from land development on the
ecosystem (The Growth Management Act, The
Shorelines Management Act, The Water Resources
Act, and the Forest Practices Act as amended in
2002). These combined with the State Hydraulics
Code and local government regulatory programs
have improved many land and water use practices
over the last several decades.

One protection element that is often overlooked
is the contribution by private citizens as land
stewards. There are still many areas in Puget
Sound along streams, rivers and marine shores

PUGET SOUND SALMON RECOVERY PLAN



that support salmon due in significant part to the
care and action of these individuals. Many of these
folks have a strong ethic for preserving both private
property rights and taking responsibility for caring
for their land; a responsibility they take seriously
and often pass on from one generation to the
next. Understanding these citizens’ interests and
concerns is a critical component of a successful
protection strategy.

“Property owners have a lot at stake when it
comes to protecting salmon in Puget Sound and
we feel like we should be part of the process,
but the only way we're going to get the biggest
advantage is if government works closely together,
cooperatively with property owners. The big stick
of regulation will not take us where we want to go.
Salmon are very important in our lives and so are
property rights, and the long lived American dream
of home ownership needs protecting.”

Vivian Henderson, Executive Director
Kitsap Alliance of Property Owners

The plan includes significant proposals to beef
up incentive-based protection programs. These
programs recognize and increase good land
stewardship and salmon conservation efforts by
private property owners, farmers and foresters. They
also help preserve working farm and forest lands-
land uses which, if managed with environmental
conservation goals in mind, tend to be better for
fish than more developed human land uses.

What is not clear is how these different tools
(voluntary and regulatory) combine to provide the
level of protection needed for salmon recovery-
that is, what are the expected results for fish from
these programs? Not knowing the degree to which
protection mechanisms are effective is a key weak-
ness of this strategy. This is especially true given
that scientists identified the protection of existing
high-quality habitat as an immediate short-term
need to preserve options and increase the chance

of success. The plan calls for improving the
certainty of results of the various protection efforts
by conducting an analysis of the effects of existing
programs on habitats and fish, then implementing
changes based on the findings.

It's clear from the region’s experience with
Growth Management and environmental regula-
tions that these are highly controversial issues.
Finding the appropriate balance for using all the
available protection tools, both voluntary and
regulatory, may be one of the greatest challenges
in securing the protection needed. Cumulative
actions by many people in a watershed can add up
to significant impacts. Protecting private property
rights must be balanced with the need to protect
public resources. Both are important. A dialogue
that begins to bridge the needs of private property
owners with the needs of the public resources, and
moves beyond the mostly polarized responses of
recent times, would help interested parties find
solutions not otherwise apparent.

Top Ten Actions Needed for Salmon

Although each watershed area has its own
individualized, tailored plan, there are common
types of actions that all watersheds included in their
chapters. These actions are related to the threats
or limiting factors affecting salmon. The magnitude
of each factor varies by watershed, as well as how
they propose to address it and how they measure
success. For this reason it is difficult to compare
detailed actions and results across watersheds, but
the list of actions below summarizes the common
set of factors, why they are important to salmon,
and how people also benefit from restoring or
protecting the values described.

This plan advocates taking an ecosystem
approach to recovery. This means that the physical
and biological factors that create fish habitat must
be addressed. Among the physical and chemical
processes basic to habitat formation and salmon
persistence are floods and droughts, sediment
transport, heat and light transfers, nutrient cycling,



water chemistry, riparian dynamics and woody
debris recruitment and floodplain dynamics.
Important salmon biological processes in salmon
that depend on habitat dynamics include migration,
adaptation, the complex energy transfers of the
food chain, and the metabolism of the fish.

The structural diversity in streams, estuaries and
marine waters that enabled salmon to thrive was
built over centuries by the complex interaction of
light, water, soil, vegetation, and nutrient cycles.
Salmon evolved to stream conditions that had
disturbances varying by days, decades and cen-
turies. Human activities modified these constant
cycles of change by increasing the frequency of
disturbance, altering the magnitude of disruption,
and thereby affected the ability of the stream
channel to respond. It is not just a matter of how
we protect and restore the water environment, it
is also essential to manage how we alter the land
and streams in the whole watershed to protect and
rehabilitate the natural processes.

In addition to habitat actions, harvest and
hatchery actions must build on existing processes
for co-managing salmon fisheries and adjust over
time to allow recovery to occur. The key to this
plan’s success will be the adaptive management
and monitoring program at both local and regional
levels to make sure that the proposals have the
desired effect.

The actions listed below are not in any priority
order and the examples following the descriptions
are meant to be illustrative not comprehensive-all
watersheds with independent spawning popula-
tions have proposals for these items to some
degree. Four planning areas (South Sound, East
Kitsap, Whidbey/Camano, and San Juan) without
independent spawning populations focus primarily
on land use and fresh and salt-water issues related
to the nearshore and marine waters surrounding
their shores. The ten common actions are:

1. Estuaries — the biological change salmon
must undergo to swim from fresh to saltwater
and back again is immense. Estuaries and river
deltas are the transition zone that enables this

change to occur. They are also a rich source of
food, provide places to hide from predators,
give young salmon a safe harbor to grow
strong for their ocean migrations, and are a key
part of the migratory corridor salmon use to
travel in and out of the rivers.

The loss of estuarine functions across Puget
Sound has been dramatic over the last two
hundred years. These same areas so critical

to salmon also support productive farmlands,
bustling ports, major cities, private shoreline
residences and industrial complexes. Restoring
estuarine areas near population centers, such
as in Everett, can provide people a special
opportunity to experience and enjoy a respite
from urban living by having a natural wildlife
environment in close proximity to work or
home. Examples of estuarine restoration
include reconnecting large blind tidal channels
and sloughs isolated behind dikes, and improv-
ing connectivity between channels, sloughs,
and marshes that provide rearing habitat for
juvenile salmon, filter water, and absorb flood
level flows.

Examples of proposed actions to address
this issue:

= The majority of these actions are planned

for public and tribal lands. In cases where local
plans identified restoration or protection needs
along private property, the plans recognize the
need to work in collaboration with land owners.
Estuarine restoration and protection actions

in six areas will provide almost 6,000 acres of
estuarine habitat.

= In the Nisqually basin, as one specific
example, the goal is to restore or protect 80%
of the historic estuary area. In the next twelve
years, the watershed plans to restore 800 acres
(100 of which is on tribal land and the rest is
in the Wildlife Refuge).

= The Snohomish watershed includes propos-
als to protect 1,483 acres of existing critical
estuarine habitat, and gain 1,237 acres of



tidal marsh habitat through restoration and
acquisition. The plan recommends restoring
the habitat on existing public lands first, where
habitat gains will be highest and where existing
projects can be expanded. Achieving the goal
of 2,720 acres would almost double the avail-
able estuarine habitat in this watershed.

2. Floodplain areas — historically floodplain
areas contained wetlands, side and braided
channels, and oxbow lakes. Floodplains
perform a variety of functions and in the
process prove valuable to both humans and
fish and wildlife species. Important functions
include: flood water storage, water quality
maintenance, fish and wildlife habitat, and
recreation/open space.

Under natural conditions, when rivers reached
high volumes, water overflows the bank

and spills into the floodplain, preventing
catastrophic flooding events downstream and
providing safe places for young fish to wait out
the flood. Dikes, levees and other actions to
control lower river reaches have significantly
reduced these nourishing places for juvenile
salmon to feed and grow. As riverbanks were
armored to protect property for agricultural,
residential or industrial purposes, these
important habitats were disconnected from the
river. Levee setbacks, dike breaching and other
restoration actions will reconnect these habitats
and by replicating the natural hydrological
functions of a floodplain, will also help control
flooding on people's properties.

Examples of proposed actions to address
this issue:

= The Nooksack watershed plans to establish
channel migration zones across which the
river has been known to meander in the last
100 years. Once delineated and approved by
the Whatcom County Council and Washington
Department of Ecology, the channel migration
zones will be incorporated into the County's
Shoreline Management Program and the

Comprehensive Flood Hazard Management
Plan. These zones will provide physical and
biological processes for fish and also protect
important human infrastructures. This work
is already underway and is expected to be
complete by early 2006.

= The Puyallup/White River basin plans to set
back 1300 feet of levees at Old Soldiers Home
near the city of Orting and will restore 67

acres of floodplain to the river. Additional side
channels will be recreated in the lower river
near Fife and Tacoma.

3. Riparian Areas — trees and shrubs alongside

streams, rivers and marine beaches are
important for salmon for a variety of reasons.
Riparian vegetation helps support insects that
are food for salmon, provides cover from
predators, and keeps water temperatures cool.
Tree roots stabilize stream banks and create
habitat structure in the stream. Decaying
trees form log jams that provide cover and
help create pool and side channel refuges for
young salmon, away from high velocity flows
and predators.

In most watersheds, riparian buffers have
decreased in area due to clearing land to
support various land uses such as agriculture,
forestry, road building, and residential and
urban development. Such loss impairs a river's
flows and impacts habitat from the higher
elevations to the estuary and out to the marine
waters of the Sound. People too can benefit
from keeping or restoring riparian habitat: root
systems maintain bank stability and prevent
erosion on property, trees and shrubs filter out
chemicals from upriver sources, help control
floods and provide habitat for other wildlife
enjoyed by humans.

Examples of proposed actions to address
this issue:

= The Stillaguamish watershed has just over
half (52%) of their riparian areas remaining,
mostly in the middle and upper parts of the
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basin. Along the lower reaches, only 16%

of the area still has riparian vegetation. The
Stillaguamish plan calls for restoring 400 acres
of riparian buffers in the next ten years with the
ultimate long-term goal (~50 years) of restor-
ing 7,600 acres.

= As a direct result of implementing their recov-
ery plan, the Nisqually watershed has already
protected over 67% of mainstem Nisqually
River riparian habitat. The goal is to acquire,
protect or restore habitat values on 90% of 84
miles of shore lands along the mainstem.

4. Water quantity — it may be obvious to

say that salmon need water. What is often

less obvious is that both too much water (i.e.
floods) and too little water can be problems
for the fish. Low flows are generally related

to water withdrawals for agricultural irrigation,
drinking water and other human uses. Low
flows can be exacerbated in years of low snow

pack or rain. Flows affect habitat processes and
functions throughout a river system from the
upper reaches and down through the estuary
and nearshore.

High water flow can be hazardous to salmon at
all life stages. This condition can result in eggs
being covered by silt and other materials, can
cause eggs to wash out of the gravel, move
juveniles downstream too quickly, and make it
too difficult for spawners to return upstream.

Low water can isolate eggs and juveniles in
pools whose temperatures increase while the
dissolved oxygen content decreases, and also
causes them to be more susceptible to preda-
tion. Low water makes it difficult or impossible
for out-migrating juveniles and in-migrating
spawners to reach their destinations.

Scientists agrees that instream flows need

to remain at the top of any salmon recovery
agenda, even while they also agree that more
research is necessary to know what salmon
need in terms of flows. More information is
also needed to understand more about the
current causes of flow problems. The overall
plan for water quantity is in three parts: a)

set instream flows, b) achieve flows, and c)
conduct needed research to design suites of
actions aimed at maintaining instream flows at
watershed scales.

Examples of proposed actions to address
this issue:

= People in the Dungeness River basin have
been working for over ten years to address
the chronic low flow problems there. The
Agricultural Water Users Association and
Jamestown S'Klallam Tribe obtained federal
and state funding to improve irrigation infra-
structure and conveyance efficiency. In the last
five years, these actions have helped reduce
the amount of water used for irrigation by one
third, leaving more water in the river at times
when salmon most need it. Additional conser-
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vation projects to improve summer flows are
proposed in the Dungeness plan.

= In two of the most urban watersheds, King
County's Comprehensive Plan and Regional
Wastewater Service Plan both support the use
of reclaimed water to help meet the region'’s
diverse water supply needs. A specific goal

is to use reclaimed water to assist the region
in balancing needs of the environment and
people. In 2004, King County used or distrib-
uted 268 million gallons of reclaimed water in
place of drawing new potable water. Through
substituting reclaimed water for potable water
in operations at its two wastewater treatment
plants alone, King County is leaving approxi-
mately 700,000 gallons of water per day in
streams and rivers. This represents only a
fraction of the potential of reclaimed water to
benefit instream flows for salmon in the region,
and King County is embarking on a regional
water supply plan to bring a larger supply of
reclaimed water to the region.

. Water quality/pollution — Both people and
salmon depend on clean water to survive and
many of the local salmon recovery chapters
recognize the importance of water quality.
Pollution can come from point sources and
non-point sources. Point sources of pollution
include industrial discharges, sewage treatment
plants, and drainage system discharge.

Non-point source pollution is considered to be
any water pollution without a distinct source.
Non-point pollution can include fecal coliform
bacteria, pesticides, sediments, and excess
nutrients. Sources of this pollution include
runoff from agriculture, forestry, rooftops,
paved streets, highways, and parking lots as
well as hard grassy surfaces like lawns and
playing fields.

Non-point source pollution is a major cause
of water pollution in Washington and poses a
major health and economic threat. In general,

untreated stormwater is unsafe for people

and for fish. It contains toxic metals, organic
compounds, and bacterial and viral pathogens.
Virtually all of our urban embankments, creeks,
streams, and rivers are harmed by urban
stormwater, making it the leading contributor to
water quality pollution of urban waterways.

Pollutants from non-point and point sources
can also end up trapped in sediments in

our rivers and marine areas. Exposure to
contaminated marine sediments also pose
significant health risks to juvenile salmon

and other marine species, including favorite
seafood such as shellfish enjoyed by humans.

Examples of proposed actions to address
this issue:

= In Commencement Bay (Puyallup/White
watershed), on the St. Paul Waterway, private
companies, the Port of Tacoma, tribes, NOAA,
EPA and the City of Tacoma are cleaning
contamination from past releases of hazardous
substances and creating 17 acres of new
intertidal habitat. Along the NE shore between
the mouth of the Hylebos Waterway and
Brownes Point, the Washington Department
of Natural Resources will restore 8.3 acres of
state-owned aquatic lands.

= |n the Green/Duwamish watershed, five
miles of the lower stretch of the Duwamish
River are designated as a superfund site

and scheduled for sediment clean-up and
restoration; 10 acres of intertidal habitat have
already been restored.

= One example of how the plan connects
and integrates with existing programs is the
City of Bellevue's comprehensive stormwater
management program — one of the first
stormwater utilities in the nation. The program
protects the water quality and habitat of over
60 miles of streams, 800 acres of wetlands,
and three small lakes. In addition to operating
and maintaining the storm drainage system,
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Bellevue assures that privately owned and
operated systems are properly functioning
and also provides private residential drainage
advice, educational programs such as Stream
Team, and 24-hour emergency response

for flooding and water quality incidents.
Property acquisition and construction of capital
investment projects reduce flooding, manage
flows, stabilize stream banks, and improve
culverts for fish passage.

6. Fish access — Several major dams block

access to historic Chinook salmon spawning
and rearing habitat in Puget Sound. In addi-
tion, other blockages for water diversion, road
culverts, and small hydro development also
exist throughout the Sound. Some tributary
barriers such as culverts may not block
access for Chinook spawning and rearing
specifically (since Chinook primarily use
mainstem reaches); yet they may still generate
downstream impacts to mainstem river areas
by interrupting sediment transport, and large
woody debris recruitment and transport

Physical barriers also alter stream flow
which increases salmon mortality in several
ways — migration can be
delayed by insufficient flows

or habitat blockages; loss of
usable habitat due to dewater-
ing; stranding of fish resulting
from rapid flow fluctuations;
and juvenile fish becoming
entrained from high velocity
waters at poorly screened
diversions. Reduced flows
also diminish fish habitat by
decreasing recruitment of new
spawning gravels, and allow
the encroachment of non-
native vegetation into spawning
and rearing areas.

Examples of proposed actions to
address this issue:

= The most significant passage barrier res-
toration in terms of sheer magnitude is the
removal of the Glines Canyon and Elwha dams
on the Elwha River. Dam removal actions are
scheduled to begin in October, 2008. The
removal of the two dams is the single most
important step in restoring the Elwha Chinook
population and will restore anadromous fish
access to the upper watershed, allow for the
natural habitat forming processes to occur
through the accumulation and deposition of
sediment and wood to the lower watershed
and nearshore, and restore natural flow and
temperature regimes to the river.

= |n the Nooksack watershed, the Middle Fork
Diversion Dam limits access to 16 miles of
spawning and rearing habitat for the North
Fork (NF) Chinook population. Removing this
dam is expected to increase the NF population
abundance by 30.8%, increase productivity

by 12.1% and increase the diversity index by
47.6% (based on EDT analysis and estimates
of future habitat use).

Photo by Eileen Palmer for the Hood Canal Salmon Enhancement Group

PUGET SOUND SALMON RECOVERY PLAN



7. Puget Sound shoreline and marine areas
(nearshore) — All of the above factors covered
so far also affect the saltwater environment
along the shorelines on either side of river
mouths and out to about 30 feet of the Sound.
Scientists now understand that the estuaries,
Puget Sound, and the ocean have to be treated
together with freshwater environments as one
interconnected system that must be protected
and restored. Salmon populations mix in these
environments and the fish depend on each
part of the ecosystem to function successfully
for their survival.

The marine shorelines have changed sig-
nificantly over the last two hundred years
affecting the natural processes that created

and maintained key salmon and marine life
habitat. A significant portion of shoreline trees
and vegetation has been removed, which once
provided shade and habitat for insects eaten by
juvenile fish. Approximately thirty-three percent
of Puget Sound shorelines have been filled and
armored by concrete or rocks, mostly to protect
single family homes. There are over 3,500
docks and piers, 29,000 small boat slips, and
700 large ship slips. These structures change
how the ecosystem functions. Combined, these
changes affect migration corridors, transition

of the fish from fresh to salt water, their eating
habitats, and their ability to forage and seek
refuge from predators.

Examples of proposed actions to address
this issue:

= In East Kitsap, the City of Bainbridge Island
passed an ordinance restricting dock construc-
tion to protect the nearshore ecosystem in a
specific part of the watershed.

= Both Island and San Juan counties still have
a significant amount of functioning nearshore
habitat. For example, to date only 25% of
Island County's and 5% of San Juan County's
shorelines have been hardened. Both of these
watersheds are focusing their initial efforts

on protecting the valuable resources they

still have. Protection efforts focus on marine
riparian areas, forage fish spawning beaches,
eelgrass meadows, features which support
sediment transport and high quality freshwater
inputs, and habitat connectivity.

. Harvest management — Harvest manage-

ment strategies that would ensure the return
of a portion of the salmon runs to their home
spawning grounds have been implemented
for thousands of years in the Pacific Northwest.
Until the mid-19th century, aboriginal people
spread their harvest patterns across different
locations and times, sometimes using weekly
closure periods to pass salmon upstream.
These measures, combined with pristine
habitat, allowed salmon runs to flourish over
many millennia.

The combination of accelerated habitat loss
and modification, and the advent of industrial
fishing methods, in the late 19th century
resulted in an almost immediate decline in
salmon abundance. Harvest can negatively
impact salmon populations through direct
mortality, and also through selectively reduc-
ing the size and age at which individuals
reproduce. Because harvest occurs late in the
life cycle of the salmon, the risk of over-fishing
has a direct and potentially substantial effect on
the population that is left to return home and
reproduce (NRC, 1996).

Harvest is important to the Puget Sound region
culturally and economically. The salmon
themselves are inherently productive; and
when populations are healthy, they can sustain
harvest without jeopardizing their ability to
sustain themselves.

Today's harvest management objectives
emphasize bolstering the survival and
recovery of the wild salmon populations.
The overall harvest management strategy is
to ensure that fishery-related mortality will



not impede the rebuilding of natural Puget
Sound Chinook salmon populations, while
maintaining consistency with treaty-reserved
fishing rights and international agreements.
The Harvest Management Component of the
Comprehensive Chinook Management Plan
(PSTT and WDFW, 2004) sets limits on annual
fishery-related mortality through the establish-
ment of harvest rate ceilings and thresholds of
low Chinook abundance that trigger additional
conservation measures. Harvest limits for
Canadian and Alaskan fisheries occurring on
Puget Sound fish are established through the
Pacific Salmon Treaty.

Examples of proposed actions to address
this issue:

= In the Snohomish basin, there is currently no
fishery (tribal, commercial or recreational) that
targets wild Skykomish or Snoqualmie Chinook.
Harvest rates on Chinook from the Snohomish
basin have been reduced to 20-30% which
represents fish caught incidentally during mixed
stock fisheries that target other species and
hatchery Chinook. These reduced harvest rates
have coincided with increased numbers of

fish that return to spawn, indicating that such
strategies are consistent with improving salmon
population status. The current goal of harvest
management is to maintain fishing rates low
enough (249%) so that wild Chinook can

take advantage of the protected and restored
habitat. Over time, this will allow the popula-
tions to expand. In addition, controls on the
timing and location of fisheries targeted toward
hatchery fish are designed to help reduce the
incidental harvest of wild fish.

= In the Nooksack watershed, current exploita-
tion rates from all fisheries have been reduced
to at or below 20% since 1996. Working
with NOAA Fisheries, the tribes and state will
continue to develop an exploitation rate that
can be used to equitably adjust fisheries to
meet the recovery objectives of the two listed
Chinook populations. This approach is espe-

cially important for the Nooksack populations
whose numbers are very low and whose fish
are caught in local, Canadian and Alaskan fish-
eries. The Pacific Salmon Treaty which guides
the international harvest expires in 2008, and
will be open for new considerations.

9. Hatchery management — The artificial
propagation of salmon in Puget Sound began
with a hatchery on the Baker River in 1896.
Hatcheries were traditionally operated for two
main purposes-to mitigate for the reduction of
salmon runs due to the construction of dams
and other habitat loss, and to increase the
number of fish available for harvest.

The science and practice of hatchery operation
has advanced significantly over the past 100
years, but hatchery intervention into salmon
runs has created long term genetic and
evolutionary consequences that may never be
fully mended. Some hatchery programs today
still seek to provide opportunity for fishers
where the negative consequences of artificial
propagation can be reduced and isolated.
Many other hatchery programs are now also
used as tools to bolster the remaining salmon
populations and to help maintain them as they
rebuild to self-sustaining and harvestable levels.
Hatcheries alone cannot achieve this goal, and
it is widely recognized that they must operate
hand-in-hand with habitat restoration if future
salmon are to find a home.

Long term awareness of issues such as loss of
fitness and genetic diversity, ecological impacts
to naturally spawning populations through
predation and competition, disease transfer,
and the habitat disruption of the facilities
themselves have led to a number of hatchery
reform efforts in recent decades.

The Puget Sound and Coastal Washington
Hatchery Reform Project was launched in 2000
by the U.S. Congress and created an inde-
pendent review panel, the Hatchery Scientific
Review Group. The Project reviewed all Puget



Sound hatchery programs, made recommenda-
tions for reform, created scientific tools to help
implement recommendations, and created
principles to make hatchery reform operational
and ongoing. It also provided funding for
related studies, hatchery operational changes,
and some funding for modifications to facilities
where appropriate.

In 2004, WDFW and Puget Sound treaty
tribes completed the hatchery component

of the Comprehensive Chinook Resource
Management Plan (RMP), building upon other
assessments submitted to NMFS in response
to the listing of Puget Sound Chinook under
the Endangered Species Act. The Hatchery
RMP contains 42 specific Hatchery Genetic
Management Plans designed to limit adverse
impacts to threatened populations of salmon
from hatchery programs and operations. This is
part of an existing NEPA/EIS review.

Examples of proposed actions to address
this issue:

= The Nooksack chapter identifies two main
hatchery strategies to protect and restore

the South Fork Chinook population. The

first is a rebuilding program (Skookum
Supplementation Program) to maintain this
population’s genetic diversity by increasing

its abundance. The second is to reduce the
number of hatchery strays into the South Fork.
Actions include improving the Lummi Bay facil-
ity to attract returning hatchery fish, maintaining
or reducing late-run Chinook releases in the
lower river, and investigating and implementing
alternate release strategies to minimize straying
potential.

= The Dungeness Chinook population is at
critically low abundance levels. In response, the
watershed has had a captive brood program
since 1992 to bolster Chinook production.
Adult Chinook returns in recent years indicate
that the captive brood program has been suc-
cessful in increasing adult returns-escapement

has averaged 575 spawners in the three-year
period from 2001-2003. These higher returns
will now accommodate implementing a
conventional Chinook brood stock program.
The new program is intended to maintain

the higher adult return rates until the habitat
can support a naturally sustainable Chinook
population.

10. H-Integration — Salmon recovery faces

enormous challenges in tying together actions
across all watersheds, jurisdictions and deci-
sion-making forums affecting the Puget Sound
Chinook Evolutionarily Significant Unit (ESU).
The major factors that affect the abundance,
productivity, spatial structure and diversity of
salmon populations are often lumped into the
“H Factors” of harvest, hatcheries and habitat
(including hydropower).

Each of these factors independently affects
the status of salmon populations, but they
also have cumulative and synergistic effects
throughout the salmon life cycle. The achieve-
ment of viability at the population and ESU
level depends on the concerted effort of all
three factors working together, not canceling
each other out, and adjusting over time as
population conditions change.

Examples of proposed actions to address
this issue:

= The Snohomish basin has a comprehensive
H-Integration strategy; strategies and actions
in each of the H factors are identified for the
four VSP parameters (abundance, productiv-
ity, spatial structure, and diversity). In the
near-term, reduced harvest will help rebuild
run sizes as substantial habitat improvements
are made. Hatchery management will allow
migration above hatchery weirs to provide
additional habitat for larger numbers of adult
returns, increasing spatial structure. As the plan
is implemented, harvest, hatchery and habitat
actions will be monitored and their underlying
hypotheses tested. Adaptive management will



ensure appropriate sequencing, consistency
among strategies, and efficiency.

= The Stillaguamish watershed plans to monitor
the status of both of their Chinook populations.
Consistent negative trends in abundance will
trigger short-term harvest and hatchery modi-
fications; these can be adjusted quickly and
show immediate responses. 10-year habitat
actions combined with the existing harvest and
hatchery management actions are modeled to
produce roughly a 30% increase in the

fish populations.

Timeframe for Success

“Salmon recovery is a symbol for Washington's
future because it is a story of people learning to
live with nature. We have the ability to save some
of the world's greatest salmon runs, it is in our
control. The question is whether we will do what
we need to do fast enough....”

Joan Crooks, Executive Director,
Washington Environmental Council.

The plan lays out long-term recovery goals and
strategies, but its primary focus is on the next ten
years of actions to place this region on a path
toward recovery. This is because the ultimate
success of the plan depends upon the various
authorities and responsible parties stepping up to
commit to implement the strategies and actions
described in the plan. A ten-year timeframe is a
reasonable period of time to ask for commitments
and begin to see progress and results. Significant
results in this period will hopefully demonstrate to
future leaders and decision-makers in years eleven
and beyond why they should continue to support
recovery activities.

Although this plan meets the ESA recovery plan
requirements and if implemented will improve
conditions for the salmon, it does not claim to

have all the answers nor to solve all the chronic
problems and threats affecting the species. It

does however identify the threats and issues that
must be addressed, identifies at least preliminary
approaches for dealing with them, and has a sched-
ule for making progress on those issues for which
there are no easy answers. It also lays out the
framework for a monitoring and adaptive manage-
ment program with details to be developed through
the summer and fall of 2005 in time for the federal
register notice and public review process.

Each local planning area used a different process
to develop their plans-some used extensive multi-
stakeholder community decision processes, some
had one or two lead entities or co-managers write
portions of their plan. As expected, the chapters
vary in terms of their level of detail, how they
address issues of habitat, harvest and hatcheries,
and how they are organized. The regional ele-
ments of the plan, especially the regional strategies
and adaptive management chapters, pick up where
watershed chapters leave off; they include items
that need both a regional and local approach
to increase the certainty of achieving ESU
recovery goals.

Shared Strategy leaders are committed to con-
tinue to build the needed commitments throughout
the rest of 2005 and beyond to implement the
first ten years of actions. If implemented, strategies
and actions in this plan will put the region on a
significant path toward recovering the Puget Sound
Chinook ESU.

What will this plan cost?

“..one of the things in terms of salmon recovery,
and being smart about conservation is that you
engage folks that live here in dialogue.... Starting at
the grassroots, with people living in their neighbor-
hoods and their communities, along the Cedar, in
Bear Creek around Lake Washington...We found
they were ready to respond, that they did care
about this place and the more they learned about



what was happening to salmon the more they
wanted to step up and do something about it”

Larry Phillips Chair King County Council (D)

“As Larry says ....if citizens are with you and they
understand what is going on, than that is what
empowers people who have the responsibility for
deciding how much money to spend and where
to spend it, that empowers them to go ahead
and say yes we can do this... but you wouldn't get
anywhere with out the citizens with you.”

Louise Miller, former King Councilmember (R)

The watershed and regional strategies and
actions combined comprise a thoughtful, practical
and cost-effective plan that will lead to tangible,
visible results. Watersheds identified ten-year
priority actions and cost estimates, assumed to be
the period 2006-2015. In addition to the water-
shed-specific work to identify and estimate costs for
priority actions, the Shared Strategy staff developed
estimates for three programs that span multiple
watersheds: hatchery improvements, nearshore
and marine habitat protection and restoration,
and incentive programs aimed at conservation on
private farms and small forest parcels.

Based on the estimates, making significant prog-
ress toward achieving recovery in the next ten years
will require a doubling of the effort from an average
of $60M/year currently to $120M/year. Of the total
watershed and regional costs, 85% is projected
to be needed for capital projects—largely habitat-
related--and the remaining 15% is proposed for key
non-capital activities such as adaptive management
and monitoring.

The financing strategy is to maximize existing
funding sources, and draw on additional existing
sources that could be, but have not been, used for
salmon recovery priorities (e.g. mitigation, federal
farm bill, public and private grant programs). If
these sources fall short of goals, the strategy is to

explore alternative sources or change the scope or
pace of recovery plan implementation.

This funding level will support significant progress
toward recovery based on local watershed scientific
work and the TRT's regional recovery criteria. Based
on the assumptions in the finance strategy, it will
do so at a cost that can reasonably be borne by the
governments and taxpayers of the region without
tax increases. It does not, however, fund the entire
suite of priorities on which the watersheds based
their estimates.

The financing strategy’s concepts, principles and
approach were recently supported and affirmed by
a Leadership Group composed of city and county
elected officials from throughout the Puget Sound
region, government agency representatives, tribes,
conservation organizations, and private industry.

Who will make this plan a reality?

“..without everyone making a change we will not
be successful”

Alison Studley,
Skagit Fisheries Enhancement Group

The contributors to this plan wish to create a
future in which both people and salmon co-exist
and thrive. They know that salmon recovery is a
long-term prospect. Achieving recovery involves
coordinating and integrating many parts such as
harvest and hatchery management and habitat
restoration and protection. It requires building
community support and leadership commitments
to implement plan actions.

Many people and organizations need to work
together in a coordinated way over time to
succeed. Meanwhile, scientists must continue to
research and learn more about salmon and their
needs and the ecosystems which they share with
other species, including humans. In the future, new
opportunities may open up for adding to recovery
actions that may not be available or apparent today.



All this is to say that salmon recovery has to be
viewed as a dynamic and evolving initiative.

All the people and groups who were involved in
the development of the watershed chapters and
regional strategies, and who are already working on
salmon recovery, will also be called upon to help
implement the plan. Many are already committed
to do their part, and many others are expected
to add their commitments in the next six months.
Successful implementation will require leader-
ship and action on the part of the following
groups — they are being asked to:

= Farmers and forest land owners — Implement
state and federal laws, increase conservation
and salmon habitat restoration efforts through
voluntary action and use of existing and
improved incentive-based programs.

= State and tribal co-managers — Continue
individual efforts related to harvest and
hatchery management in concert with recovery
goals, and increase assistance to watersheds to
integrate hatchery, harvest and habitat actions.

= Tribes — Help implement local watershed
plan actions and participate in local forums to
continue to share information and problem
solve as issues related to implementation and
adaptive management arise.

= City and county governments — Enforce and
update existing environmental laws using
watershed information as Best Available
Science; continue contributing funds for the
implementation phase of recovery; and help
broaden public and legislative awareness and
support.

= State government — Implement programs in
concert with plan goals and strategies such as
for water quantity and quality, and forest man-
agement. Continue to fund capital improve-
ments and support for watershed groups.

Federal government — Continue supporting the
Pacific Salmon Fund; provide visible leadership
support for salmon recovery efforts; negotiate
international fishing agreements; and address
marine water issues consistent with the goals
and strategies of this plan.

Scientists — address technical uncertainties
through the adaptive management and
monitoring program at both local and
regional scales.

Conservation groups such as the Cascade Land
Conservancy, The Nature Conservancy and

the Trust for Public Land — Coordinate, land
conservation and protection actions to comple-
ment other protection tools consistent with
local salmon habitat protection priorities.

Environmental organizations — Continue to
support the best use of science in governmen-
tal programs and regulations while increasing
support for incentives to landowners.

Regional Fisheries Enhancement Groups

and other voluntary, citizen-based salmon
programs — Continue to galvanize citizen inter-
est in voluntary programs, increase assistance
in monitoring and measuring results.

Citizens and private property owners

— Continue stewarding property to protect
financial investments and contribute to the
public good; implement salmon-friendly prac-
tices; participate in the watershed processes to
implement the local plans for both protecting
property rights and public resources.

Businesses — use salmon-friendly building

and development practices; work with local
communities to continue to seek solutions that
meet both economic and environmental goals.



A Call to Action

“If humanity can tap its capacity for caring and
creativity, if humanity taps a resolve equal to the
salmon’s drive to return to their native waters then
the question can humans and salmon coexist can
be answered.”

Dan Kowalski,
Film Maker and Commercial Fisherman

The many people who put their hearts and souls
into developing their local recovery chapters and
the regional strategies in this plan hope that their
efforts inspire dialogue and action around the
following questions:

= What sort of neighbors will we be to salmon in
the future?

= How can we have more people and more
salmon in this region?

= What more is needed to increase people’s
confidence, commitment to and hope for the
future of this region-one in which both people
and salmon co-exist?

= What evidence do we need to see to know that
we are succeeding?

= How can we focus people's energy on continu-
ing to seek and find solutions?

“My tribe has not fished for Skagit Spring
Chinook for over 30 years. | hope some Memorial
Day in the future | can stop at my farmer friend
Dave Hedlin's home, and trade stories about who
caught the biggest fish for the family dinner.”

Brian Cladoosby, Chairman, Swinomish Tribe.
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“These waters, which in 1899 produced nearly one-third of the salmon catch of the world,
are generally known as Puget Sound.”

Report of the U.S. Commissioner of Fish and Fisheries, 1902[j1]

Tribal ancestors of the Pacific Northwest believed that salmon were another tribe that had gone to live in the
ocean. The returning runs of salmon each year were an annual gift from the ocean people to their terrestrial
counterparts. The abundance of salmon runs in the 19th and 20th centuries has become legendary, and salm-
on formed the basis of tribal sustenance and economies. Early settlers to Puget Sound also depended on ma-
rine resources for their food source and livelihood. A letter in late 1854 from the first territorial governor, Isaac
Stevens, indicated that, “The Indians on Puget Sound...catch most of our fish, supplying not only our people with
clams and oysters, but salmon to those who cure and export it” Stevens was given the charge of negotiating
treaties with Washington Indian tribes to arrange the transition to a new society, and open the way for farming,
lumbering and other industries. Population growth in the Pacific Northwest exploded in the late 1800s follow-
ing the completion of the transcontinental railway, and white settlers flocked to the territory to take advantage of
opportunities based on fertile soils, vast stands of timber, and abundant fisheries. Even though 150 years have
passed since Governor Stevens signed the treaties, salmon still represent an intrinsic part of the Pacific North-
west identity. Tourists and local residents sporting salmon t-shirts still enjoy watching the large fish get tossed
over the counter at the Seattle
Public Market, salmon banners
and statues adorn community
streets, and recreational fishing
ﬁﬁﬂn"mﬁ##ﬂf.‘; AT skills are passed from generation

gy Ay = to generation when (increasingly
. rare) opportunities arise.

Unfortunately, the condition
of some Puget Sound salmon
runs threatens the viability of
this resource as a Pacific North-
west icon. Although salmon
have always been subject to
natural fluctuations across their
range, scientists have warned of
the degradation of salmon and

From the collection of the Washington State Archives.
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Puget Sound Watershed

Figure 1.1

their ecosystems for several decades. Part of the
concern stems from the evidence that salmon also
serve as an indicator of the overall health of the re-
gional ecosystem. They depend on clean, cool and
abundant water, cover from their predators, and
food sources throughout the rivers, estuaries and
coastlines of Puget Sound and the Pacific Ocean.
The compelling story of their return to their birth-
place after a journey of thousands of miles at sea

SHARED STRATEGY FOR PUGET SOUND

has been an inspiration to Puget Sound residents
of all ages and occupations. The final return of the
nutrients from their decomposing bodies complet-
ed the gift of the ocean tribe to the plants, animals
and trees that dwell on the land.

The Puget Sound Region

Nestled between the Cascade and Olympic
mountains in Northwest Washington State, the
Puget Sound Basin is the second largest estuary in
the United States and covers more than 16,000
square miles. Land constitutes 20 percent of the
area, with the remainder consisting of freshwater,
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Puget Sound Salmon Recovery Region

Map courtesy Washington Department Fish and Wildlife.

estuarine, and marine waters. Over 20 major river
systems and their tributary creeks drain mountain
elevations of 7,000 feet or more (with Mt. Rainier at
twice that height) that drop to sea level within 50 to
70 miles. The upper portions of most Puget Sound
rivers flow through natural preserves and working
forest lands. As they descend, they meander through
agricultural lands, small woodland lots, local parks and
small towns, and in some cases, busy city suburbs
and urban areas. Extensive glacial and tectonic activi-
ties have created a rich and diverse landscape that
nurtures some of the most productive habitats in

the world. Salmon and bull trout rivers were shaped
when glaciers carved a myriad of streams, lakes and
valleys, and serve as a bridge between the land and
the ocean. Deposits of cobble, silt and volcanic ash
provided the parent materials for the distinct struc-
ture of today's watersheds, marine shorelines, and
protected embayments. From the forested slopes of
the Olympic Mountain foothills, the fertile Skagit River
floodplain, the rich tidal mudflats of the southern
inlets to the rocky shores of the San Juan Islands, the
health of Puget Sound depends on these

diverse environments.

Although the Puget Sound basin
is famous for its rain, two-thirds of
the annual precipitation falls during
November through March. Salmon
and bull trout depend on rivers that
are fed by glacial melt, snow and
rainfall, and the region relies almost
entirely on snowpack during the
dry summer months. The Olympic
Mountains form a natural barrier to
storms coming off the Pacific, and
cast a “rainshadow” of dryness in
portions of Puget Sound. Annual
precipitation in western Washington
can vary from 17 to over 100 inches
a year depending on location and
topography.

Favorable natural features includ-
ing lush timber resources, protected
embayments, and soil-rich river
deltas led to the development of
agricultural and commercial centers throughout the
Puget Sound region. Today, Puget Sound is home
to 3.8 million people, two-thirds of the State’s
population. By 2020, another 1.4 million people
are expected to settle around the Sound. Homes,
roads, water supply, sewer systems, business, in-
dustries and recreational areas will accompany the
growth which is fueled by an attractive quality of life
and opportunities for employment in high-tech and
other industries.

The location of major urban metropolitan areas
which are centered around Seattle, Everett, Tacoma
and Olympia, create unusual challenges to the pro-
tection and restoration of threatened populations
of salmon and bull trout that still co-exist in these
watersheds.

Puget Sound Salmon and Bull Trout at Risk

Dwindling runs of salmon and bull trout in several
river systems in the Pacific Northwest prompted
a number of organizations in the 1990s to evalu-
ate the status of these fish throughout the region.
Several petitions were filed to the National Marine
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Fisheries Service and US Fish and Wildlife Service
requesting protection for specific runs of salmon
and bull trout under the Endangered Species

Act. These petitions complemented the growing
concern by the agencies about the overall health of
West Coast stocks of Pacific salmon and bull trout.
Following a comprehensive technical review, three
species in the Puget Sound region were found to
be at particular risk and merit additional study and
protection under the Act: Puget Sound Chinook,
the Hood Canal summer run of chum salmon and
Coastal-Puget Sound bull trout.

Chinook Salmon (Oncorhynchus tshawytscha),
commonly known as “Kings,” were called the
“Tyee" or chief by the Indians of the Pacific North-
west. These salmon are the largest of the Pacific
salmon species, achieving sizes over 100 Ibs in
some river systems. The species historically ranged
from the Ventura River in California to Point Hope,
AK in North America, and in northeastern Asia from
Hokkaido, Japan to the Anadyr River in Russia. Chi-
nook salmon exhibit a complex life history as they
develop from egg to juvenile and returning adult,
which is intertwined with the streams, estuaries and
ocean environments they inhabit.

The decline of Puget Sound Chinook salmon has
occurred over the past 100 years, but has acceler-
ated rapidly in the last two decades. Historical data
indicate that the harvest of Puget Sound Chinook
peaked in 1908, with a cannery pack of 95,210
cases of canned Chinook salmon. While the
extrapolation of this number to fish population esti-
mates should be viewed cautiously, it corresponds
to a figure of 690,000 adult Chinook returning to
Puget Sound that year. Naturally-spawning Chinook
are well below peak historical levels, with a cumula-
tive run size of 13,000 returning adult fish in North
Puget Sound, and approximately 11,000 in South
Sound tributaries in the mid-1990s. Most of the re-
maining natural production of Puget Sound Chinook
is concentrated into just two watersheds (Skagit
and Snohomish), making them vulnerable to cata-
strophic events, and many watersheds exhibit less

than 100 returning adults. It is believed that 31
different populations of Puget Sound Chinook ex-
isted historically, and that nine of these populations
have already become extinct (NMFS/BRT, 1997).
Although many positive actions have been taken in
the region to protect and restore the remaining 22
Chinook populations, the threats facing the Chinook
at the various stages of their life cycle were not
sufficiently reduced by the late 1990s to provide
enough certainty for their long term survival. The
National Marine Fisheries Service thus determined
that protections and improvements beyond those
already underway were needed for Puget Sound
Chinook under the Endangered Species Act.

Chum Salmon (Oncorhynchus keta) are known
for the striking body coloring and enormous canine-
like fangs of spawning males, which led to their
nickname as “Dogs." The species has the widest
natural geographic and spawning distribution of
any Pacific salmonid, primarily due to the extent of
its range up along the shores of the Arctic Ocean.

Elwha man with chinook salmon. Photo courtesy Jamestown S'Klallam Tribe.
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Chum salmon have been documented to spawn
from Korea and Japan around the North Pacific rim
as far south as Monterey Bay in California. Chum
salmon may have been the most abundant of all
salmon, and constituted almost 50 percent of the
biomass of all salmonids in the Pacific Ocean prior
to the 1940's. Migration to saltwater begins almost
immediately after the young chum emerge from
their gravel spawning beds, thus the survival and
growth of juvenile chum depends highly on favor-
able estuarine conditions.

Biologists in both Asia and North America have
used run-timing differences to divide the species
into early (summer) and late (fall) runs. Chum
salmon generally return to their natal spawning
streams on both continents progressively later in
southern areas. Within Hood Canal, sharp differ-
ences occur between the summer chum runs,
which spawn from early September to late October,
and the fall runs which spawn from early Novem-
ber to late December. Information as far back as
1913-14 from the Big Quilcene River in northern
Hood Canal specified almost a month's separation
between the two runs.

Of the 16 historical summer chum populations in
Hood Canal and the eastern Strait of Juan de Fuca
identified by scientists, seven populations are pre-
sumed to be extinct, the status of one population
is unknown, and eight streams still have existing
runs. The remaining populations have run sizes
ranging from less than 10 to 4,500 spawners, but
the long term trend indicates that most populations
are declining at a rate of six percent a year. State,
tribal and volunteer efforts to rebuild summer chum
runs appear to be having a positive short-term ef-
fect. Despite the strong returns to some streams
however, Hood Canal summer chum salmon are
still considered to be at risk of extinction, since
their long term survival is dependent on changes to
hatchery management, harvest management and
habitat conditions.

Bull Trout (Salvelinus confluentus) are char na-
tive to the Pacific Northwest and western Canada.

SHARED STRATEGY FOR PUGET SOUND

Although bull trout and Dolly Varden (Salvelinus
malma) were once considered to be a single
species, they have been formally recognized as
separate species by the American Fisheries Society
since 1980, based on evidence related to their

measurements, bone structure and distribution.
Historically, bull trout ranged from the McCloud
River in northern California and the Jarbidge River
in Nevada, to the headwaters of the Yukon River in
the Northwest Territories of Canada. They are also
dispersed throughout the tributaries of the Colum-
bia River Basin, including headwaters in Montana
and Canada, and east of the Continental Divide

in Alberta and British Columbia. Various popula-
tions of bull trout are observed to be “resident”

in freshwater streams or migrate to larger rivers,
lakes or saltwater for a portion of their life cycle.
The Coastal-Puget Sound segment of bull trout in
Washington State is considered to be significant to
the species as a whole because it is thought to con-
tain the only forms of bull trout in the coterminous
United States that migrate to saltwater for a portion
of their life cycle.

In their evaluation of bull trout throughout the
Pacific Northwest, the US Fish and Wildlife Service
concluded that many individual river basins within
the Coastal-Puget Sound region have declining
populations of bull trout and are subject to consid-
erable fragmentation. Bull trout are isolated above
dams or other diversion structures in seven basins
in the Coastal-Puget Sound area. Although several
populations of bull trout are largely within national
park or wilderness areas, they are threatened
by habitat degradation outside of the restricted
boundaries, and have been impacted by the intro-
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duction of other competing species. The majority
of Coastal-Puget Sound basins have an unknown
status for bull trout, one population in the lower
Skagit River is considered to be strong, and at least
10 core areas are considered to be depressed or
at risk. The declining trend of Coastal-Puget Sound
bull trout overall, the documented threats to habitat
from low flows, migratory barriers, road density and
other habitat loss, and the pressure from intro-
duced, non-native species led the USFWS to list
Coastal-Puget Sound bull trout as threatened on
November 1, 1999.

Photo courtesy the US Fish & Wildlife Service
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Vision and Goals of the Puget Sound Community

“We have an opportunity to do something extraordinary-to save a species from expiring,
not only on our watch, but on the watch of our great grandchildren.”

King County Executive Ron Sims (Shared Strategy Summit 2005)

The Shared Vision

Across Puget Sound, leaders at all levels aspire to a future in which the Puget Sound region has demonstrated
to the world that economic prosperity, more people and a healthy environment can co-exist. The many con-
tributors to this plan hope that fifty years from now, their great-grandchildren will be able to say:

Our elders got it right. They listened to what the salmon were telling them. Anticipating the region’s growth,
the choices they made in the early 2000's and the hard work that followed, created the vibrant community we
share today, where both people and nature thrive and the salmon are once again teeming in our rivers and
streams.

Furthermore, the plan’s contributors hope that by 2055:

= Puget Sound's fresh and marine waters are healthier for all species.

= Chinook abound in numbers that enable harvest by all and Tribes are once again able to meaningfully
exercise the right to catch fish that they reserved in their treaties with the United States government two
centuries ago.

= Hatcheries are used only were necessary to supplement and enhance wild fish consistent with best scien-
tific knowledge.

= All the major rivers and many of the smaller streams in each watershed are places where people go to
enjoy nature and watch salmon with their kids and grandkids. People stroll, kayak, canoe, boat; enjoying
river deltas and estuaries, that have been restored and now burst with wildlife. Young salmon feed in these
restored estuaries adjacent to marinas and ports as they prepare for their epic ocean journey. As the young
salmon leave their rivers of birth they swim through the protected shallow waters adjacent to the land all
the way to the sea.

= The region is friendlier to business than it was fifty years ago. Environmental laws are clear, predictable, ef-
fective and efficient. Small and large businesses are growing and easily find skilled workers from their local
communities. The prosperity of the regional economy is enhanced by our commitment to a sustainable
environment and marketing of eco-friendly products.

= Rural communities have prosperous farms that significantly contribute to the health of the land and water.
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People throughout the region are excited and
motivated to buy produce grown in harmony
with ecosystem needs. Timberlands also are
managed to provide renewable wood products
and protect restored rivers and streams. There
is strong public support to protect working
landscapes (such as farms and timberlands)
and the region is known internationally for its
creative approaches to land stewardship.

= Propelled by the success of saving salmon, the
region is addressing even tougher problems
like water and alternative energy sources. All
of these efforts are characterized by a true
partnership between citizens, businesses and
governments. As a whole, people take pride in
the fact that our region is built on a sustainable
economy and healthy natural environment. In
short, the region has become a world model
for how our ecosystem and economy can both
flourish to the benefit of all who share it.

Photo courtesy the King County Department of Natural Resources.
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“My grandmother said that the Nisqually Indians
taught the settlers to pull pitchforks of dead salm-
on from Chambers Creek to fertilize their gardens,
and that there were so many dead salmon you
could smell the creek from a long way away. We
will know that we have recovered salmon when we
can once again smell them from a mile away.”

John Ladenburg,
Pierce County Executive Director

Aspirations for salmon can take a technical,
societal, cultural, or even an olfactory form.
Treaty Indian tribes of western Washington have a
unique cultural relationship with salmon, and seek
to protect their treaty rights to harvest the cel-
ebrated fish. Scientists look to preserve the genetic
diversity and the ability of salmon to sustain them-

selves in the long term, and offer technical param-
eters to assess whether recovery is being attained.
Many landowners and businesses have stepped
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forward to work in concert with salmon recovery
while retaining the economic viability of timber, fish-
ing, recreation and agriculture. Many local govern-
ments and citizen groups have worked for many
years to restore salmon habitat. All of these groups
have been working together in partnership across
the Sound to prepare this recovery plan.

One Strategy Shared by Many

The Shared Strategy for Puget Sound is a col-
laborative initiative built on the foundation of local
efforts, supported by leaders from all levels of
government and sectors of our communities, and
guided by the Puget Sound Technical Recovery
Team's regional recovery criteria. The collective,
overarching goal of the Shared Strategy salmon
recovery plan is:

To recover self-sustaining, harvestable salmon
runs in a manner that contributes to the overall
health of Puget Sound and its watersheds and
allows us to enjoy and use this precious resource
in concert with our region’s economic vitality and
prosperity.

Since many of the actions to recover Chinook are
also expected to help bull trout, the Shared Strat-
egy effort is also expected to support US Fish and
Wildlife Service's stated goal for bull trout (USFWS,
2004):

To ensure the long-term persistence of self-sus-
taining, complex interacting groups of bull trout
distributed across the Coastal-Puget Sound Distinct
Population Segment, so that the species can be
delisted.

Factors for Success

The Puget Sound community has a rich history of
success in addressing natural resource challenges,
and the people of the Puget Sound region are com-
mitted to protect and restore the land and waters
that define their quality of life. This commitment
will be tested as the region works to address the
challenges facing salmon recovery efforts over the
next several decades.

SHARED STRATEGY FOR PUGET SOUND

It is in part the history of success that helped
build the confidence on which several key assump-
tions of this plan are based. To make the assump-
tions come true, the plan builds on the legacy of
past leadership and relies upon this region’s current
and future leaders to step up as their predecessors
did to make the tough decisions and search for in-
novative solutions.

The key assumptions are:

More People and More Salmon: Perhaps the
most far-reaching assumption of this plan is that
this region can accommodate human popula-
tion growth and recover salmon runs at the same
time. Over a million more people are projected
to live in Puget Sound in the next 15 years. Dur-
ing this same period, the Recovery Plan aspires to
add many more salmon, on the order of a twenty
percent increase. Achieving the salmon goals will
require protecting existing habitats and building
more homes for salmon (habitat restoration) as we
build more homes for people. This plan provides
the blueprint for how we can accomplish such a
Herculean task.

There Still Are Enough Fish and Habitats to
Build on For Recovery: Another fundamental
assumption of this plan is that the Puget Sound
region still has sufficient Chinook populations left to
achieve recovery in the long-term. The 22 popu-
lations left in Puget Sound represent significant
reduction in diversity from the over 30 populations
believed to have existed in the past. All remain-
ing populations are important. Some are stable at
low levels and others are still in decline. Scientists
contributing to this plan believe we must act quickly
to protect remaining populations and to restore
the productivity of all Puget Sound watersheds
and marine waters. While science doesn't have the
answers to all the tough questions, there is enough
information to act now. Delaying or weakly step-
ping into implementation will diminish our options
and opportunities to achieve recovery.

Science Can Help Us Make Wise Policy Deci-
sions: This plan was developed with a strong
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partnership between scientists and policy makers at
local and regional levels. The intent behind such a
partnership is to make the best decisions to achieve
a future that supports people and the environment.
This plan is based on years of scientific observation,
testing of hypotheses, multiple lines of evidence,
monitoring and learning. The policy and technical
elements in this plan incorporate the best avail-
able science to date for salmon recovery. This plan
relies upon the continuation of a strong interface
between science and policy as new scientific infor-
mation comes to bear on future policy decisions.

Inclusive, transparent collaborative processes
create better and more sustainable results: At the
start of the Shared Strategy salmon recovery initia-
tive, participants agreed to a voluntary, collaborative
process. They believe that issues as complex as
salmon recovery that span urban and rural land-
scapes, multiple jurisdictions and involve actions
affecting many sectors of a community cannot be
satisfactorily solved by a single entity or point of
view. Collaborative processes have their limitations
too, sometimes justly criticized for taking too long
and succumbing to the lowest common denomina-
tor. However, if done right, they still offer the best
opportunity for finding creative solutions that ad-
dress multiple interests. When people with a stake
in the outcome have a say in the decisions, they
are more likely to implement them.

“Citizens are turning to these collaborative
processes with increased frequency in the West as
they realize that in many cases they are the only
path out of gridlock...the real virtue of democracy
is that it is a school. In it we learn how to manage
the public aspects of our lives, and thus, unlike
other systems of government, it is progressive-we
can actually get better at it as time goes on.”

William D. Ruckelshaus
(from Restoring Trust in Government,
or Get in the Boat and Row, 1-13-04)
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The contributors to this plan believe that the
Shared Strategy's collaborative approach and part-
nership with local communities created a better and
more sustainable plan than might otherwise have
occurred. The plan’s contributors understand that
this type of approach will need to continue during
the implementation phase to build commitments to
action and increase the likelihood of achieving the
Puget Sound community's vision and goals

Local Communities are the Essence for
Success: A fundamental assumption of this plan is
that local watershed efforts are the engine that will
lead the region to recovery. This is because many
groups had already been working for years before the
listing to improve conditions for salmon in their local
river basins. Each local watershed area has unique
assets in terms of technical ability, partnerships and
regulatory frameworks; this plan tailors recovery strat-
egies and actions to the political, cultural, economic,
and ecosystem needs of individual watersheds across
the Sound. These groups know the most about what
is needed and what would work best both technically
and politically in their local areas.

Restoration and protection actions will take place
largely at the watershed level. Within Puget Sound,
fifteen watershed planning areas plus a nearshore
group have prepared detailed salmon recovery
chapters that are a fundamental part of this plan. The
chapters are Volume Il of this plan and summary pro-
files of each can be found in Chapter 6 of this docu-
ment. Commitments at the local watershed level to
implement the steps necessary for recovery in both
the short and long-term are essential for success.
Although each watershed has its own unique set of
circumstances, every watershed contains active and
committed government and citizen groups contribut-
ing to the salmon recovery process.

This recovery plan provides a scientifically-based,
practical and cost-effective guide for restoring and
protecting salmon runs across Puget Sound. Through
this plan, the people living and working in Puget
Sound hope to secure a future with healthy water-
sheds, plentiful fish, strong communities and a
viable economy.
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The Shared Strategy Approach to Puget Sound
Recovery Planning

“The most impressive thing to me in all this is the degree of cooperation everyone is showing...In the water-
sheds in Puget Sound where people are listening to one another, trying to understand what the world looks
like to their neighbor, whether tribal member, farmer, forest owner, government official, fisherman or just
someone concerned about the future of the place where they live and where people are working together to

ensure a prosperous future-when all this is happening-it's like magic.”
William Ruckelshaus

Existing Efforts to Protect and Restore Salmon and Bull Trout

Federal, tribal, state and local leaders are not new to the salmon crisis. In response to dwindling popula-
tions of salmon and a commitment to sustainable fisheries, treaty Indian tribes and Washington State fisheries
managers have curtailed the harvest of Puget Sound salmon by as much as 90 percent in the last 20 years.
Local governments have made strides to protect salmon through land use, stormwater and growth manage-
ment authorities. Numerous individual watershed councils and regional fish enhancement groups already had
undertaken scientific studies and restoration activities throughout the Sound well before listing occurred. State
and tribal co-managers also began tailoring annual and long term harvest and hatchery management plans to
be consistent with recovering declining salmon runs prior to listing. Businesses such as hydropower utilities
and timber companies prepared licensing agreements and regulatory proposals directed toward improving their
practices with respect to salmon.

Although the regulations to conserve a threatened species and prepare a recovery plan are federal respon-
sibilities under the Endangered Species Act, the state of Washington determined the need to take a proactive
direction for salmon recovery. In 1998 and 1999, the Washington State Legislature adopted the Salmon Recov-
ery Planning Act, the Salmon Recovery Funding Act, and the Watershed Planning Act to involve local watershed
groups in watershed management, and habitat protection and restoration. Governor Gary Locke adopted the
1999 “Statewide Strategy to Recover Salmon: Extinction is Not an Option” and formed the Governor's Salmon
Recovery Office (per the Salmon Act) to coordinate and assist in the development of state and regional salmon
recovery responses. The legislation also created the Salmon Recovery Funding Board to provide fiscal oversight
of salmon recovery efforts in Washington State, and ensure that these actions are scientifically sound and sup-
ported by their communities. Despite all of these contributions to salmon recovery at the local and state level,
the listing of Puget Sound Chinook and other species affirmed the need for more and better coordinated action
to halt the decline and strive for recovery.

Formation of the Shared Strategy for Puget Sound

Puget Sound leaders recognized the need to link the widespread efforts for salmon recovery, and developed a
coordinated regional approach. Shortly following the 1999 determination of Puget Sound Chinook as a threat-
ened species, a group of over 150 representatives of federal, state, tribal and local governments and salmon
recovery organizations came together at Port Ludlow to shape the “Shared Strategy” for salmon recovery.
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Headed by William Ruckelshaus, the first
administrator of the Environmental Protec-

Local Consensus & Early Actions Feed Regional Decisions & Results

tion Agency under President Nixon, North-
west Indian Fisheries Commission Chair-
man Billy Frank, Jr., and former Washington
Governor and U.S. Senator Daniel J. Evans,
the Shared Strategy for Puget Sound was
formed to, “develop a recovery plan for the
Puget Sound region that meets the needs
of fish and people!

Knowing that a recovery plan is mandat-
ed by the ESA listing, the Shared Strategy

Collective
Vision and
Commitment

Salmon
Recovery

effort was motivated, in part, by the desire Figure 1.4
to have local and regional communities that have
been involved in salmon protection and restoration,
and that would be responsible for implementing
the actions needed to achieve recovery goals, pre-
pare the Puget Sound Salmon Recovery Plan.

More than that, people involved in salmon efforts
across the Sound wanted the ability to tailor recov-
ery strategies and actions to the political, cultural,
economic and ecosystem needs of individual wa-
tersheds across the Sound. They wanted to ensure
that the plan would provide for economically viable
fisheries, forestry, and agricultural industries. Fur-
thermore, they wanted to place salmon recovery in
the context of contributing to overall ecological ben-
efits for other species and the marine environment.
Thus the Shared Strategy process was designed to
meld ESA requirements with locally-driven recovery
efforts and a vision for the future of the region.

The federal agencies responsible for administer-
ing the Endangered Species Act (NOAA and US-
FWS) agreed to support this effort and have been
active participants in the Shared Strategy process
from the beginning.

Watershed and Salmon Recovery
Planning Areas

The Shared Strategy is based on the conviction
that people in Puget Sound have the creativity,
knowledge and resources to find lasting solutions to
complex ecological, economic and community chal-
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lenges. Watershed groups that represent diverse
communities are considered to be essential to the
success of salmon recovery.

For administrative and water resource planning
purposes, the Washington Department of Ecology
has divided the State of Washington into a number
of Water Resource Inventory Areas (WRIA's) based
on watershed/topographic boundaries rather than
political units. Most salmon recovery planning
groups are roughly organized along these lines as
well. Considerable variety exists among the four-
teen watershed planning areas such as urban and
rural differences, precipitation, water quality and
quantity, shoreline development, and topographic
characteristics, but each of the areas contains
committed groups working on salmon recovery. It
is the goal of participants in the Shared Strategy
process to protect and restore these fourteen major
watershed areas, and in combination with cross-wa-
tershed actions, have them cumulatively add up to
regional recovery.

Functions of the Shared Strategy Organization

Shared Strategy leaders believe that effective
stewardship occurs only when all levels of govern-
ment coordinate their efforts in support of activities
at the appropriate local or regional scale to protect
and restore salmon runs. The preparation of the
recovery plan has had the close involvement of fed-
eral, state, tribal and local governments along with
watershed groups to develop technically sound so-
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lutions that communities can embrace. (See chart
of roles and responsibilities below.) Three func-
tions of the regional organization were identified for
the Shared Strategy at the onset of the preparation
of the recovery plan, and have helped to guide the
recovery planning process throughout.

1. Link existing federal, state, and tribal
programs at the regional level.

Preparation of a regional strategy and future
implementation of the recovery plan depends on
the integration of recovery efforts between govern-
ments throughout the Puget Sound region. The
close communication of efforts such as hatchery re-
form, water quantity planning, growth management
and salmon restoration has enabled the participants
to take advantage of common data bases, assess-
ment tools, and share strategic concepts, and is in-
tended to avoid duplication of effort as the recovery
plan is implemented.

2. Build the participation, capacity and
commitment of watershed groups and

local jurisdictions to plan and implement
salmon recovery.

One of the primary assumptions of the Shared
Strategy has been that the efforts of people in the
watersheds across Puget Sound are the fundamen-
tal building blocks for a recovery plan and its suc-
cessful implementation, and that participation from
every watershed is necessary to achieve recovery.
Watershed residents are most directly aware of the
conditions in their river systems and shorelines, and
are being asked for commitments to carry out the
recovery actions.

3. Provide coordination to the regional effort to

prepare and facilitate decisions to implement
the plan.

The third function of the Shared Strategy or-
ganization has been to provide a forum for the
region as it moves through plan preparation toward
implementation, ensuring that appropriate scientific
technical information is melded with community
participation and policy judgments. Scientists from
federal, state, tribal and local governments partici-
pated on a Technical Recovery Team appointed by
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NOAA, and met with regional policy-makers and
community watershed groups throughout the plan-
ning process. Additionally, regional administrators
from NOAA and representatives from the Gover-
nor's Salmon Recovery Office participated consis-
tently at regional forums and provided outreach
and assistance to community groups throughout
plan development.

Steps in the Preparation of the Regional Plan

In 2002, the Shared Strategy Development
Committee identified five main steps to build the
information base and technical and policy decision
making processes for preparing the Puget Sound
Salmon Recovery Plan.

Step 1. Determine recovery plan content and
assess current efforts.

Efforts to outline the essential elements of the
plan occurred in consultation with the National Ma-
rine Fisheries Service, US Fish and Wildlife Service,
State of Washington, Puget Sound tribes, local gov-
ernments, watershed councils and marine resource
groups. The Puget Sound Technical Recovery Team
(PSTRT) prepared guidelines for watershed groups
outlining the technical information they felt would
be required to determine whether the salmon
populations could achieve recovery (PSTRT, 2003).
The Washington Department of Fish and Wildlife
(WDFW) prepared a broader outline for a Salmon
Recovery Plan which incorporated elements from
state watershed planning legislation and the North-
west Power Planning Council guidelines.

While the WDFW originally intended the outline
to meet the requirements of the regional recovery
plan required under the ESA, it became clear early
in the process that planning guidance was most
needed at the watershed level. Accordingly, the
final Salmon Recovery Plan Outline (WDFW, 2003)
contained a detailed list of technical and policy
questions for watershed groups to consider during
plan preparation. The WDFW version of the plan
outline was approved by the regional director of
NMFS in a letter on January 22, 2004. The
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Shared Strategy for Puget Sound
Roles and Responsibilities During Recovery Plan Preparation

* Watershed Groups/Local Governments: Groups such as watershed councils, regional fish enhance-
ment groups, lead entities for salmon recovery, watershed planning units and other community resource
groups have been involved in preparing recovery plans for their watersheds. Local and tribal govern-
ments have helped coordinate these efforts and provided substantial technical assistance. Key functions
have been to assess historic, current and potential future conditions of fish and watershed resources,
identify and prioritize protection and restoration actions, and prepare timelines and cost estimates.

* Puget Sound Technical Recovery Team (PSTRT): Appointed by NOAA, this panel of 7 scientific experts
from federal, state, local and tribal organizations has developed the scientific framework and ESU recov-
ery criteria at the regional level; developed planning ranges for Chinook populations; and has provided
technical guidance to watershed and regional groups in preparing watershed recovery chapters and

regional elements of the plan.

« State and Tribal Co-Managers: Puget Sound tribes and the Washington Department of Fish and Wildlife
have been actively involved in the preparation of comprehensive harvest management plans and hatch-
ery genetic management plans for listed species across the region; worked toward the integration of
habitat, harvest and hatchery considerations in the watershed and regional level chapters of the recovery
plan; participated in habitat restoration activities, and developed recovery target numbers for Chinook

salmon.

« Shared Strategy Development Committee: This successor group to the leaders who formed the Shared
Strategy for Puget Sound in 1999 have provided overall direction for the Shared Strategy approach to
recovery planning, resolved policy issues, and have served as ambassadors to constituent groups, local
government, watershed groups, legislators and Congress. Comprised of community leaders and repre-
sentatives from federal, state, tribal and local governments, as well as business, agricultural and environ-
mental groups, these individuals bring different perspectives to the table for discussion in the recovery

planning process.

« Shared Strategy Work Group (agency policy staff) and regional staff: Staff activities have focused
on the organization’s objectives to provide outreach and support to watershed groups, link various
recovery activities, and provide the policy analysis, strategy advice and logistical support necessary for

plan preparation.

collaborating agencies extended considerable
support to the local watersheds during plan
development.

Step 2. Determine regional recovery criteria and
targets and ranges for each watershed.

The guidelines for recovery plans under the
Endangered Species Act require the preparation of
quantifiable recovery goals for the species listed, as
a benchmark in measuring the progress toward re-
covery. Regional recovery guidelines and planning
ranges for Puget Sound Chinook populations were
developed by the Technical Recovery Team (PSTRT,
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2002). Planning targets for Chinook were prepared
by state and tribal co-managers using a variety of
computer models. Watershed planning groups
used this information to prepare their local recovery
chapters. Goals for Hood Canal summer chum and
bull trout have been developed by federal, state
and tribal biologists working on these species.
Step 3. Develop local watershed recovery
chapters.

At the start of the Shared Strategy initiative local
watershed planning groups had the opportunity to
voluntarily join the regional effort and have their
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local recovery plans incorporated into the Puget
Sound-wide plan. In the end, all fourteen planning
areas agreed to participate. To meet ESA recovery
plan requirements, they were asked to prepare
chapters to identify the threats to salmon survival
and specify restoration and protection strategies
and actions addressing the factors for decline. Fol-
lowing PSTRT guidance, the planners developed
working scientific hypotheses to relate watershed
conditions to their effects on the species, and
prepared detailed action plans with timelines, costs
and in some cases a beginning set of commitments
for implementation. Local and regional agencies
and state and tribal fisheries co-managers were
also requested to integrate habitat, harvest and
hatchery actions affecting listed species in each
watershed area.

Individual draft watershed chapters were submit-
ted to the PSTRT, the Shared Strategy Work Group
and staff by watershed planning groups on June
30, 2004. An extensive technical and policy review
process occurred from July 2004 to September
2004. Watershed planners revised their chapters
according to the feedback received during the re-
view to the extent possible given the various states
of knowledge and political support in their respec-
tive areas. They submitted updated chapters for
inclusion in the regional plan in April and
May, 2005.

In May 2005, the PSTRT and an interagency poli-
cy committee facilitated by the Shared Strategy staff
conducted another round of technical and policy
reviews of watershed chapters. The PSTRT reviewed
the plans from a technical perspective to deter-
mine the degree of certainty that they can achieve
their stated recovery goals. Together the PSTRT
and policy team looked at how well the plans met
ESA recovery plan requirements. The analysis from
the review was used to summarize strengths and
significant proposals as well as decisions underway,
possible gaps and recommend ways to close the
gaps to increase the certainty of success and meet
ESA plan requirements.

SHARED STRATEGY FOR PUGET SOUND

Individual watershed plans are summarized
in profiles in Chapter 5. The results from the
review are also included at the end of each water-
shed profile.

Step 4. Build regional strategies and
commitments.

In addition to the individual watershed chapters
(Volume 11 of this plan), Shared Strategy participants
identified a number of cross-watershed issues that
will need to be addressed at the regional, state and
federal levels in addition to the individual water-
shed level. These include water resource issues
(water quality and water quantity), forestry and agri-
cultural programs, habitat protection measures and
tools (voluntary and regulatory), nearshore-marine
protection and restoration strategies, a financing
strategy and implementation functions.

Initial ideas for how to approach these topics
were presented at the 2005 Shared Strategy Sum-
mit attended by over five hundred people repre-
senting the diversity of interests related to salmon
recovery. Summit participants provided input on
how to advance these approaches. Following the
Summit, groups with members having policy or sci-
entific expertise and an interest in the topics further
refined them.

The May 2005 review also assessed the degree
of certainty that the combined local and regional
elements in this plan can meet the PSTRT regional
recovery criteria and meet ESA recovery plan re-
quirements. Some of the same cross-watershed is-
sues listed above emerged as needing more focus
and attention to increase the certainty of achieving
plan outcomes and contributing to overall ESU-
scale recovery. (It is the Puget Sound Evolutionarily
Significant Unit or ESU that is listed as threatened
under the Endangered Species Act and not the
individual Chinook populations.) The review conclu-
sions and recommendations were used to com-
plete the plan, including identifying strategies for
closing identified gaps and ensuring that the plan
meets ESA plan requirements under section 4(f).

Issues that are common to multiple watersheds
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as identified during the 2005 review by the Puget
Sound Technical Recovery Team as well as those
requiring attention and action by other levels of
government are described in Chapter 6: Regional
Strategies, in Chapter 7: Adaptive Management and
Monitoring and in Chapter 9: Financing Strategy.
Step 5. Finalize and submit the regional plan.

The objective of Step 5 was to finalize recovery
strategies and actions for Puget Sound that are con-
sistent with the requirements of the Endangered
Species Act, treaty rights, and the goals and objec-
tives of state and local governments and watershed
planning groups. The May 2005 review process
“rolled up” the various watershed chapters and re-
gional elements to assess how the combined parts
of this plan add up to meet the PSTRT recovery
criteria. These roll-up conclusions can be found in
Chapter 5: How Does It All Add Up Into One Plan?
Regional Results.

The Shared Strategy Development Committee
received a briefing on the watershed and regional
plan elements and the May 2005 review conclu-
sions and recommendations. They proudly agreed
to submit the Draft Puget Sound Salmon Recovery
Plan to the federal agencies (NOAA and USFWS)
on schedule on June 30, 2005. The attached trans-

mittal letter describes the conditions of
the submittal.

The Draft Puget Sound Salmon Recovery Plan

Under the Endangered Species Act (ESA), a re-
covery plan must have quantitative recovery criteria
and goals, identify threats to survival, site specific
management strategies and actions necessary to
address the threats, cost estimates of the actions
and a schedule for implementation. A monitoring
and adaptive management program should also be
included. The May 2005 review process concluded
that this draft plan meets the ESA recovery plan
requirements under section 4(f).

As the vision and goals section points out, Shared
Strategy participants aspire to more than the
minimum requirements of the ESA. They wish to
create a future in which both people and salmon
co-exist and thrive. They know that salmon recovery
is a long-term prospect. Achieving recovery involves
coordinating and integrating many parts such as
harvest and hatchery management and habitat
restoration and protection. Many people and or-
ganizations need to work together in a coordinated
way over time to succeed. Meanwhile, scientists
must continue to research and learn more about
salmon and their needs and the ecosystems which
they share with other species, including

Five Steps to a Recovery Plan

| Finalize & submit
the regional plan

humans. In the future, new opportunities
may open up for adding to recovery ac-
tions that may not be available or apparent
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B & assess current efforts
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Build regional strategies

today. All this is to say that salmon recov-
‘ ery has to be viewed as a dynamic and
evolving initiative.

The plan lays out long-term recovery
goals and strategies, but its primary focus
is on the next ten years of actions to place
this region on a path toward recovery. This
is because its ultimate success depends
upon the various authorities and respon-
sible parties stepping up to commit to
implement the strategies and actions de-

scribed in the plan. A ten-year timeframe

Sooz unp
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is a reasonable period of time to ask for com-
mitments and begin to see progress and results.
Shared Strategy leaders are committed to continue
to build the needed commitments throughout the
rest of 2005 and beyond to implement the first ten
year's of actions. Shared Strategy participants hope
that the first ten years will put the region on a solid
recovery path and demonstrate to future leaders
and decision-makers in years eleven and beyond
that they should continue to support recovery
activities.

This recovery plan recognizes the dynamic and
evolving nature of salmon recovery. It should be
read and understood as a living document. Strate-
gies and actions in this plan will make significant
progress in the next ten years to benefit all of the
remaining 22 populations of Chinook. While this
plan will improve conditions for the salmon and
meets the ESA recovery plan requirements, it does
not claim to have all the answers nor to solve all
the chronic problems and threats affecting the
species. It does however, identify the threats and
issues needing to be addressed, identifies at least
preliminary approaches for dealing with them and
has a schedule for making progress on those issues
for which there are no easy answers. It also lays
out the framework for a monitoring and adaptive
management program with details to be developed
through the summer and fall of 2005 in
time for the federal register notice and public
review process.

SHARED STRATEGY FOR PUGET SOUND

Shared Strategy participants believe that this plan,
if implemented, will put the region on a significant
path toward recovery of the species in the next ten
years. Through the on-going efforts described in
the above paragraphs, Shared strategy participants
also believe that these first ten years of actions will
position the region to build long-term support for
salmon recovery.

What happens next after submittal?

Following the submission of this document by
the Shared Strategy to the National Marine Fisher-
ies Service and the US Fish and Wildlife Service,
the Services will conduct a review of the document
and initiate a comprehensive public review process.
Final adoption is expected in late December 2005.
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Benefits of Salmon Recovery for Biodiversity
and Ecosystem Health

Introduction

The Puget Sound ecosystem encompasses a wide range of freshwater, marine, and terrestrial environments
that sustain a diverse array of species. The Shared Strategy process has resulted in a series of recommendations
to help protect three of our region’s species that are listed under the Endangered Species Act-the Puget Sound
Chinook salmon, Hood Canal summer chum salmon, and bull trout. During this same period, The Nature
Conservancy, the Washington Department of Fish and Wildlife, and others, completed an extensive eco-regional
assessment for an area known as the Willamette Valley-Puget Trough-Georgia Basin (WPG) eco-region, which
includes a portion of the Puget Sound ESU (Floberg et al., 2004). This mutual effort provides an opportunity to
qualitatively assess the benefits of the Salmon Recovery Plan for overall biodiversity of the region.

The WPG Eco-regional Assessment is a comprehensive conservation analysis of the region’s terrestrial,
nearshore, marine, and freshwater biodiversity. Relying on the best available biological information as well as
information on human impacts,
the assessment quantifies the
biodiversity of the region and
identifies which geographic
areas are most important for
the conservation of existing bio-
diversity. As a result, in those
areas where they overlap, the
WPG assessment complements
the recovery plan’s salmon
habitat assessments.

The eco-regional assess-
ment found that relative to
its size, the Willamette Valley-
Puget Trough-Georgia Basin
eco-region has a large number

of species that are imperiled,

Photo by Dan Kowalski.
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declining, or of conservation con-
cern. There are also a number of
nearshore, terrestrial, and freshwater
ecological systems that are at risk.

In the Georgia Basin-Puget Trough
portion of the eco-region, the assess-
ment identified over 250 species
targets that are imperiled, declining,
or of conservation concern (Floberg
et al,, 2004). These findings point to
some troubling trends in the overall
health of this ecosystem.

The Puget Sound salmon recovery
plan will be implemented within the
context of this complex ecosystem.
The plan proposes a wide range of
recovery actions that will be implemented through-
out the Puget Sound basin-from nearshore areas
to the upper reaches of the watersheds. While
the recovery plan is necessarily focused on listed
salmon species, it is logical to also ask the ques-
tion, “In what ways will the recovery plan benefit
the overall health of the ecosystem and the breadth
of biodiversity in the region?”  This section of the
plan explores that question and discusses ways in
which recovery actions may benefit other species
as well as the overall health of the Puget Sound
ecosystem.

Role of salmon in Puget Sound
watershed ecosystems

Over the past few decades, there has been a
growing consensus in the scientific community
about the crucial role that salmon play in support-
ing and maintaining ecosystem health. It has
become clear that many ecological processes of
our watersheds (including those that shape the
land, control water flow and content, and govern
biological activity) have evolved with and depend
on salmon.

Because of their important role in supporting the
ecosystem, salmon have been identified as a "key-
stone species” (see Willson and Halupka, 1995).
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‘Photo courtesy the Dung

A keystone species is a species whose impact on a
biological community or ecological system is dispro-
portionately large compared with their abundance.
Keystone species contribute to ecosystem function
in a unique and significant manner through their
regular activities. Removal (or decline) of these
species can cause fundamental changes in the
ecological system.

To illustrate the importance of salmon in North-
west ecosystems, it is useful to consider the role
that salmon play in: 1) cycling of nutrients in water-
sheds; and 2) ecological/wildlife interactions.

Nutrient cycling

Research shows that salmon populations are
critical in transferring energy and nutrients inland
from the Pacific Ocean to aquatic and terrestrial
ecosystems. Spawning salmon provide a source of
carbon, nitrogen, and phosphorous that is essential
to maintaining the production of juvenile salmon
and other animals in the watershed's food web. Ri-
parian forests, which are important habitat to many
wildlife species, benefit directly from the nutrients
that salmon provide (Mathewson et al., 2003).

Through this nutrient cycling function, anadro-
mous salmon play a key role in maintaining an
ecosystem'’s productivity (Cederholm et al., 2000).
For example, introduction of salmon carcasses in
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a stream has been shown to increase the density
of certain macroinvertebrates. Macroinvertebrates
feed on adult salmon carcasses and then are in
turn eaten by juvenile salmon, providing an im-
portant food source that supports the growth and
survival of salmon in the early stages of their life
cycle (Cederholm et al., 2000).

A recent study found, however, that due to
declining salmon runs, the rivers of Puget Sound,
the Washington coast, and the Columbia River are
receiving only 3% of the marine-derived organic
matter that was once delivered to those rivers by
anadromous salmon (Gresh et al., 2000).

Ecological relationships-salmon/wildlife
interactions

A growing body of research shows the important
interplay between salmon and other wildlife popu-
lations. The various life stages of salmon (i.e., eggs,
fry, smolts, adults, and carcasses) all provide direct
or indirect foraging opportunities for a variety of ter-
restrial, freshwater, and marine wildlife (Cederholm
et al., 2000).
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Anadromous fish (including their eggs) are a
major source of high-energy food that allows for
successful reproduction and enhanced survival of
adults and juveniles of many wildlife species. They
also provide support for long-distance migrant birds
(Cederholm et al., 2000). For example, the Skagit
River system, which has the highest populations of
all five salmon species in Puget Sound, is a critically
important winter feeding area for migrating bald
eagles. As many as 580 bald eagles have been
observed in the Skagit River watershed in recent
winters feeding on the carcasses of spawning
chum, pink and other salmon species.

Johnson et al. (in prep.) examined the relation-
ship between salmon and 605 species of wildlife
in Oregon and Washington. The study found 137
species of birds, mammals, amphibians and reptiles
that are predators or scavengers of salmon at one
or more stages of the salmon life cycle. Of this
total, nine species were found to have strong-con-
sistent relationship with salmon. These include the
bald eagle, American black bear, Caspian tern, com-
mon merganser, grizzly bear, harlequin duck, killer
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whale, osprey, and river otter. Fifty-eight species
were found to have a recurrent relationship
with salmon.

Johnson et al. (in prep.) also showed how these
nine species with a strong-consistent relationship
with salmon are found in many different habitat
types. These nine species not only inhabit fresh-
water and marine habitats, but also occur across a
range of inland forest, woodland, shrubland, and
grassland habitats. In this way, salmon support eco-
logical functions that extend beyond just salmon-in-
habited aquatic systems.

Cederholm et al. (2000) concluded that the
loss or severe depletion of anadromous fish stocks
could have major effects on the population biology
(i.e., age class, longevity, dispersal ability) of many
species of wildlife, and thus on the overall health
and functioning of natural communities over much
of the region. Conversely, as the health of salmon
populations improves, one would expect to see
improvements in populations of many of the as-
sociated wildlife species as well.

How the recovery plan supports biodiversity
and ecosystem health

Given the important role that salmon play, how
will the recovery plan support the region’s biodiver-
sity and the overall health of the ecosystem?

Watershed-level analysis

First, it is important that the recovery plan is built
around watershed-level analysis.

Watersheds are also an appropriate scale for eval-
uating freshwater ecosystem conservation needs,
since freshwater organisms depend on the health
and integrated processes of the contributing wa-
tershed. Around the world, freshwater-dependent
animals, such as mussels, crayfishes, stoneflies, am-
phibians, and fish, are the species most vulnerable
to extinction (Stein et al.,, 2000). It is estimated
that the rate of extinction for freshwater species is
five times greater than the rate for terrestrial species
(Ricciardi and Rasmussen, 1999). As more and

SHARED STRATEGY FOR PUGET SOUND

more public and private conservation efforts are
focused on freshwater systems, it will be extremely
helpful to make linkages between freshwater and
salmon conservation planning efforts.

The Willamette Valley-Puget Trough-Georgia Basin
Eco-regional Assessment, which did not explicitly
analyze salmon habitat, identified a pressing need
to integrate salmon-related data into its analysis in
order to develop a more comprehensive and coor-
dinated approach to identifying areas of significance
for freshwater biodiversity. Subsequent freshwater
assessments conducted by The Nature Conser-
vancy have incorporated salmon and have been
conducted in a watershed context. The recovery
plan’s watershed-level of analysis will help facilitate
further linkages between salmon recovery planning
and freshwater biodiversity planning.

Ecological functions and processes

The recommendations in the recovery plan,
if carried out, offer another significant benefit to
biological diversity: a focus on the need to main-
tain and restore ecological processes and services.
Maintaining instream flows, restoring riparian habitat
and estuarine habitat, removing fish passage barri-
ers, opening up off-channel and floodplain habitat,
reducing sediment loading-all of these actions will
help restore ecological processes that are essential
to freshwater, terrestrial, and marine species
and systems.

One aspect of restoring natural processes to
watersheds is allowing for some level of natural dis-
turbance (i.e,, flooding, landslides, etc). Recovery
actions which allow for a greater degree of natural
disturbance within watersheds should result in
more diverse habitat types which, in turn, will help
support a higher diversity of plant and
animal species.

Recovery actions will also help restore biological
integrity to Puget Sound watersheds. Watersheds
with a high degree of biological integrity have the
ability to support and maintain a balanced, integrat-
ed and adaptive assemblage of organisms
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having species composition, diversity, and function-
al organization comparable to that of natural habitat
of the region (Karr and Dudley, 1981).

Habitat restoration

Salmon occupy a variety of habitats during their
life cycle. The recovery plan addresses the limiting
factors for salmon recovery for each of these life
cycle stages and habitat types. Given the diversity
of habitats that salmon require, recovery actions
should benefit a broad array of species that rely on
these diverse habitats.

Restoration actions in riparian areas will be espe-
cially helpful to other species. Research shows that
393 of 456 (86%) of the common terrestrial, and
freshwater wildlife species in Oregon and Wash-
ington use riparian areas, wetlands, and streams
during some season or part of their life cycle. Of
these 393 species, 110 were found to be closely
associated with riparian habitat types (Johnson et
al., in prep.).

In particular, mainstem channels are essential
components of biodiversity and have a high degree
of species richness. Some listed species-Chinook
salmon in particular-are mainstem dependent.
Because the development footprint is most intense
around mainstem rivers in Puget Sound, recovery
actions that improve mainstem conditions will ben-
efit many other species as well.

A number of the watershed plans have identified
estuary protection and restoration as high priorities.
Estuaries are highly productive nurseries, support-
ing juvenile fish, shellfish, and large numbers of
migrating birds. The region has lost over 70% of
its estuarine habitat to diking, filling, and dredging.
Restoring estuarine habitats will result in significant
benefits to a wide range of species. Many of the
40 Puget Sound species that are listed as threat-
ened or endangered rely on nearshore and estuary
habitat for at least part of their life cycle.
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Nutrient dynamics

As recovery actions are implemented, there is a
significant potential to enhance the flow of energy
and nutrients into freshwater and estuarine food
webs. If salmon populations are recovered to vi-
able populations, one should expect a positive, and
in some cases very significant, impact on nutrient
dynamics in Puget Sound watersheds. Restoration
of healthy nutrient dynamics will have ripple effects
throughout the ecosystem, benefiting a variety of
other species.

For example, Munn et al. (1999) considered
changes in nutrient loading, cycling, and ecosystem
productivity that could result from restoration of his-
toric salmonid populations to the Elwha River sys-
tem if the river's two dams are removed. The study
indicates a potential 65-fold increase in nitrogen
and phosphorous loadings from salmon returns.
They concluded that restoration of the Elwha River
system salmon runs would have a profound effect
on the productivity of the ecosystem.

Wildlife interactions

Restoring viable populations of listed salmon
stocks will result in additional fish spawning and
rearing in the various watersheds. Additional
numbers of fish will directly benefit the 67 wildlife
species discussed above that have either strong-
consistent or recurrent relationships to salmon
(Johnson, in prep.).
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Conclusion

Local watersheds have identified a range of ac-
tions that will contribute to the recovery of listed
salmon stocks. These actions will have a direct and
demonstrable effect on salmon habitat, but they
will also help restore and improve a range of habi-
tats, species, and ecosystem processes. Although
the recovery plan is salmon-focused, the proposed
actions will benefit many native species and natural
communities. Over time, these actions should
improve the overall health of the Puget Sound
ecosystem.

In order to maximize the salmon-biodiversity ben-
efits described above, local watersheds should be
encouraged to evaluate salmon recovery priorities
along with the biodiversity conservation priorities
identified in the Willamette Valley-Puget Trough-
Georgia Basin (WPG) eco-regional assessment.
This assessment provides useful information to de-
termine how areas identified as priorities for salmon
would contribute to the larger biodiversity of the
region. In many cases, protection of top-priority
biodiversity sites may also benefit salmon stocks.
By integrating salmon conservation priorities with
the multi-species assessment in the WPG report,
it may be possible to leverage recovery actions to
achieve even greater benefits for the biodiversity of
the region.
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Endangered Species Act Listing and Related Mandates

“The purposes of this Act are to provide a means whereby the ecosystems upon which
endangered species and threatened species depend may be conserved, to provide a
program for the conservation of such endangered species and threatened species, and
to take such steps as may be appropriate....”

The Endangered Species Act of 1973

In 1994, following several petitions to list West Coast Salmon and Steelhead as threatened or endangered
under the Endangered Species Act, the National Marine Fisheries Service (NMFS) convened Biological Review
Teams to undertake comprehensive scientific reviews of Chinook, coho, chum, sockeye and pink salmon, as
well as steelhead and cutthroat trout in Washington, Oregon, California and Idaho. These status reviews were
used to identify “evolutionarily significant units” (ESUs) of salmon and steelhead, and to evaluate whether any
of the identified ESUs should be listed as threatened or endangered (see definitions). Petitions to list bull trout
as an endangered species were submitted to the U.S. Fish and Wildlife Service (USFWS) in 1992, including the
“distinct population segment” of Coastal/Puget Sound bull trout.

In the Puget Sound region, the NMFS Biological Review Teams determined that two ESUs are sufficiently at
risk to be classified as “threatened species”, i.e. Puget Sound Chinook and the Hood Canal summer run of chum
salmon. Coho salmon in the Puget Sound/ Strait of Georgia ESU were considered a “species of concern” but
actual listing under the Act was not considered to be warranted

at this time. In 1999, bull trout recovery teams convened by Status Reviews under the
the USFWS determined that listing of bull trout as “threatened” Endangered Species Act
throughout its range in the coterminous United Stated

NMEFS follows three steps in making list-

was needed. ing determinations:
.. i i 1. NMFS determines whether a
Listing History for Puget Sound Chinook population or group of populations

constitutes an Evolutionarily Significant
Unit; i.e. should be considered as a
“species”.

West Coast Chinook salmon have been the subject of numer-
ous Federal Endangered Species petitions for listing beginning
with an action to list the Sacramento River winter-run Chinook, y e biol l

. . : . . S 2. NMFS determines the biological status
which Was filed by the Amferlcan Flsherl.e.s Society in 1985. of the ESU and the factors that have
Following several more actions and petitions related to the el macdn
Sacramento River, Snake River and Columbia River, the National )

. <heri . oned by th faccional 3. NMFS assesses efforts being made
Marine Fisheries Service was petitioned by the Professional Re- to protect the ESU and determines
sources Organization-Salmon (PRO-Salmon) on March 14, 1994 whether, in light of those efforts, the
to list various populations of Chinook in Washington State. On statutory listing criteria are satisfied.
September 12, 1994, NMFS indicated that the PRO-Salmon
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petition contained substantial information that
action may be warranted, and announced that it
would commence a coast-wide status review of all
West Coast Chinook salmon.

A Biological Review Team (BRT) comprised of
scientists from the NMFS Northwest, Southwest,
and Auke Bay Fisheries Science Centers, and the
National Biological Survey completed a coast-wide
review in December, 1997, which was updated in
2003 (NMFS/BRT, 1997 and 2003). The Team
concluded that West Coast Chinook salmon were
grouped into 17 Evolutionarily Significant Units
based on genetic data, differences in where the
salmon migrate, age at which the Chinook mature,
run timing, and geographic and environmental
characteristics. Of these 17 Chinook salmon ESUSs,
eight did not warrant listing under the Endangered
Species Act, seven were considered to be threat-
ened (including the Puget Sound ESU) and two are
listed as endangered.

A proposed rule for the listing of Puget Sound
Chinook and three other Chinook ESUs as threat-
ened was published in the Federal Register on
March 9, 1998, and a Final Determination was
issued on March 24, 1999. A chronology of the
major listing notices and related actions is located
at the end of this section. During the year between
the proposed rule and the final determination,
NMFS conducted 21 public hearings within the
range of the proposed Chinook salmon ESUs in
California, Oregon, Washington and Idaho. A sum-
mary of the comments on the proposed rule and
the NMFS response is included in the Final Deter-
mination (Federal Register; March 24, 1999).

In the years following the 1998-1999 rule pro-
cess, additional scientific information on the status
of Chinook populations and legal proceedings
related to the determination of hatchery-produced
fish necessitated an update to the rules listing
Puget Sound Chinook and other threatened ESUs.
NMFS issued a proposed rule to list these ESUs on
June 14, 2004.
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Listing History for Hood Canal Summer Chum
and the Chum Status Review

Listing for Hood Canal summer chum closely cor-
responded to the process for Puget Sound Chinook.
The 1994 petition filed by PRO-Salmon included

Some Definitions Used under
the Endangered Species Act

For purposes of the Endangered Species Act, a
“species” is defined to include “any distinct popu-
lation segment of any species of vertebrate fish or
wildlife which interbreeds when mature.”

Distinct Population Segment: A population is con-
sidered distinct (and hence a “species” for purposes
of conservation under the Act) if it is discrete from
and significant to the remainder of its species based
on factors such as physical, behavioral or genetic
characteristics, it occupies an unusual or unique eco-
logical setting, or its loss would represent a significant
gap in the species’ range.

The National Marine Fisheries Service uses the term
“Evolutionarily Significant Unit” (ESU) to describe a
distinct population segment of Pacific salmon that:

1. is reproductively isolated and

2. represents an important component in the evolu-
tionary legacy of the species.

To evaluate these criteria, scientists look at the follow-
ing questions:

« Is the population genetically distinct?
* Does the population occupy unique habitat?

* Does the population show unique adaptation to its
environment?

« If the population became extinct, would this event
represent a significant loss to the ecological/ge-
netic diversity of the species?

The term “endangered species” means any species
or distinct population segment which is in danger of
extinction throughout all or a significant portion of its
range.

The term “threatened species” means any species or
distinct population segment which is likely to become
an endangered species within the foreseeable future
throughout all or a significant portion of its range.
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Hood Canal summer chum, and a status review for
all West Coast chum salmon was initiated Septem-
ber 12, 1994. A total of four evolutionarily sig-
nificant units (ESUs) were identified by the Chum
Biological Review Team in 1997, of which the Hood
Canal summer chum and the Columbia River chum
ESUs were considered to be at risk of becoming
endangered. The declining trend of Hood Canal
summer chum and extremely low run sizes in sev-
eral streams were cited as reasons for the proposed
listing, which was issued on March 10, 1998. A fi-
nal determination to list Hood Canal summer chum
as threatened was published in the Federal Register
on March 25, 1999. Hood Canal summer chum
were also included in the proposed rule to list
several West Coast ESUs on June 14, 2004, which
constituted an update of previous listings.

Listing for Coastal/Puget Sound Bull Trout

Bull trout fall under the jurisdiction of the
U. S. Fish and Wildlife Service (USFWS), and have

followed a slightly different pathway and timeline
for the listing process. On October 30, 1992, the
USFWS received a petition to list bull trout as an
endangered species throughout its range from

the Friends of the Wild Swan, Alliance for the Wild
Rockies, and the Swan View Coalition. The USFWS
published a determination in 1993 that the peti-
tioners had provided substantial information indicat-
ing that listing may be warranted but that it was
precluded by other higher priority work. A number
of legal challenges to this finding ensued, and on
December 4, 1997 the Oregon Federal District
Court ordered the USFWS to determine whether
listing of the Coastal-Puget Sound distinct popula-
tion segment was warranted, among other actions.
The Coastal-Puget Sound bull trout are one of the
five distinct population segments which collectively
encompass the entire range of the species in the
coterminous United States. Bull trout recovery
teams were convened by USFWS in early 1999,
and a final rule was published on November 1,
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Critical Habitat

“Critical Habitat” is defined in the Endangered
Species Act as, “the specific areas within the
geographical area occupied by the species. ..

on which are found those physical or biologi-
cal features essential to the conservation of the
species and which may require special manage-
ment considerations or protection.” Essential
features of critical habitat include adequate

* Substrate

* Water quality

* Water quantity

* Water temperature

* Water velocity

» Cover/shelter

* Food

* Riparian vegetation

* Space

» Safe passage conditions
Freshwater and estuarine habitat includes ripar-
ian areas that provide the following functions:
shade, sediment transport, nutrient/chemical

regulation, streambank stability, and input of
large woody debris or organic matter.

1999 to list all bull trout in the coterminous United
States as threatened. A draft recovery plan for the

Coastal-Puget Sound Distinct Population Segment

was issued by the USFWS in May, 2004.

ESA Mandated Actions Following Listing

The final determination of species as threatened
initiates a number of procedures and requirements
under the Endangered Species Act, including the
designation of critical habitat, regulations governing
take, Federal consultation on actions affecting the
threatened species, preparation of a recovery plan,
and monitoring.

Designation of Critical Habitat

The Endangered Species Act requires designa-
tion of critical habitat at the time a species is listed,
unless the Secretary of Commerce/Interior deter-
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mines that the designation would be detrimental to
the species’ continued existence or that the limits
of critical habitat are not determinable. In designat-
ing critical habitat, agencies consider the species’
requirements including space for individual and
population growth; food, water, air, light, minerals
or other nutritional or physiological requirements;
cover or shelter; sites for breeding, reproduction or
rearing offspring; and habitats that are protected
from disturbance or are representative of the his-
toric geographical and ecological distribution of
the species.

Puget Sound Chinook

In the proposed Rule (March 9, 1998) to list the
Puget Sound Chinook ESU as threatened, NMFS
generally described the areas that constitute critical
habitat to include all marine, estuarine and river
reaches accessible to Chinook salmon in Puget
Sound. A designation was published on Febru-
ary 16, 2000 which indicated that critical habitat
encompassed dozens of major river basins and an
array of essential habitat types, including juvenile
rearing areas, juvenile migration corridors, areas
for growth and development to adulthood, adult
migration corridors and spawning areas. In April,
2002 NMFS withdrew the designation in order to
incorporate an economic analysis of the designation
and obtain additional public and technical input. A
revised Critical Habitat Designation for Puget Sound
Chinook was published in the Federal Register on
December 14, 2004 and NMFS took public com-
ment until March 14, 2005. A final rule is sched-
uled to be issued on or before August 15, 2005.

Coastal/Puget Sound Bull Trout

Following the 1999 listing of bull trout as a
threatened species, the USFWS found that the
designation of critical habitat for the Coastal-Puget
Sound Population and other population segments
was “not determinable!” This was due to the lack of
sufficient information about the biological require-
ments of bull trout that would be needed to iden-
tify areas as critical habitat. Additionally, the USFWS
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Habitat Conservation Plans
Approved or in Development
in Puget Sound:

Plans Approved:

« City of Seattle (upper Cedar River Watershed)
approved 4/21/00.

« City of Tacoma (upper Green River City Water-
shed) approved 7/9/01.

+ WA Dept Natural Resources (forest mgmt ac-
tivities on state-owned timberlands) approved
1/30/97.

« Green Diamond Timber (forest mgmt activities
Shelton-area) approved 10/12/00.

* Plum Creek Timber (forest mgmt activities up-
per Green River and 1-90 corridor) approved
6/27/96.

HCPs in Development (as of April, 2005; which
may or may not proceed to a permit-issuance
decision):

* Forest Practice HCP (forest activities on all
commercial private forest lands under State
regulations).

« WA Dept Natural Resources (various activities
on state-controlled aquatic lands, freshwater
and sub-tidal).

+ King County Wastewater Treatment Division
(operations of KCWTD within their service
area).

« City of Kent (instream flows and City water
operations on Rock Creek, trib to Cedar River).

+ Sequim Dungeness Water Users Association
(Dungeness River instream flows and water
operations of the 7 local irrigation districts).

 Snohomish County Dept of Public Works
(county road and stormwater mgmt in water-
sheds of 3 tribs to north Lake WA).

« City of Bellingham (water diversions in Nook-
sack River for City water supply).

lacked information about the number of individuals
and the amount or locations of spawning areas
within rivers and streams required for viable popula-
tions of bull trout.

A number of legal actions were filed against the
USFWS regarding the failure to designate critical
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habitat for bull trout. On June 25, 2004, the US-
FWS published the proposed critical habitat desig-
nation for the Coastal-Puget Sound population of
bull trout, which includes a total of 2,290 miles of
streams in western Washington, along with 52,540
acres of lakes and reservoirs, and marine habitat
paralleling 985 miles of shoreline. The proposal
excludes properties where special management
status for bull trout already exists, such as approved
Habitat Conservation Plans and the Washington For-
est Practice Regulations under the Forest and Fish
Report. Hearings on the proposed critical habitat
designation were held in July and August, 2004
and a final rule is anticipated by June, 2005.

Other Endangered Species Act Mandates
and Related Actions

Publication of 4(d) Rules

Under section 4(d) of the Endangered Species
Act, Federal agencies are, “required to adopt such
regulations as are deemed necessary and advisable
for the conservation of species listed as threatened.
The National Marine Fisheries Service issued a
proposed rule governing the take of salmon within
seven salmon ESUs, including Puget Sound Chi-
nook and Hood Canal Summer Chum, on January
3,2000. A wide range of activities were prohibited
in the proposed 4(d) rule that NMFS believes may
injure listed salmonids, including water withdraw-
als, destruction of habitat (such as removal of
large woody debris or dredging), land use activities
adversely affecting habitat (such as logging, grazing,
farming and urban development), pesticide and
herbicide application, and introduction of non-na-
tive species. The final 4(d) rule for Puget Sound
Chinook and Hood Canal summer chum was
adopted in June, 2000.

Section 4(d) rules related to the taking of bull
trout were generally included as part of the No-
vember 1, 1999 listing documents. The USFWS
also filed a Notice of Intent to Prepare a Proposed
Special Rule Pursuant to Section 4(d) to exempt
additional habitat restoration activities and other
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land and water management activities from the
take prohibitions of the Act when they are conduct-
ed in accordance with enforceable regulations that
provide protection for bull trout.

Section 10 Permits: Section 10 of the Endan-
gered Species Act provides another mechanism
for NMFS and USFWS to permit the taking of a
threatened species when it is the incidental result
of carrying out an otherwise lawful activity. Appli-
cants for an “Incidental Take Permit” must submit
a "Habitat Conservation Plan” that identifies the
impacts expected from any take associated with the
proposed activities, and the steps that will be taken
to monitor, minimize, and mitigate those impacts.
A number of Habitat Conservation Plans have been
approved or are in process.

Federal Consultation: Section 7 of the Act
requires that Federal agencies consult with NMFS
or the USFWS on activities they authorize, fund, or
carry out to ensure they are not likely to jeopardize
the continued existence of listed species or result in
the destruction of modification of their critical habi-
tat. This includes federally funded projects such as
road construction, stormwater management, rural
and urban development, and many other activi-
ties conducted, permitted, or funded by Federal
agencies. NMFS and the USFWS have developed
methods to determine whether proposed actions
are likely to restore, maintain or degrade habitat
(NMFS, 1996).

Role of Hatchery Salmon in Listing Determina-
tions: Hatchery fish present potential benefits and
risks to the biological status of salmon populations.
In 1993, NMFS adopted an interim policy on how
to consider artificially propagated fish in the listing
and recovery of Pacific salmon and steelhead under
the Endangered Species Act. In response to ad-
ditional scientific research and legal actions, NMFS
issued a revised policy in 2004, which is described
further in Chapter 6, Regional Hatchery Manage-
ment Strategies.

Relationship of the ESA and the Rights of
American Indian Tribes: In recognition of the trust
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Section 4(f) of the Endangered
Species Act requires the agencies
to develop and implement plans

for the conservation and survival of
endangered species. Each plan is
required to incorporate:

(i) " a description of such site-specific manage-
ment actions as may be necessary to achieve
the plan’s goal for the conservation and
survival of the species;

(ii) objective, measurable criteria which, when
met, would result in a determination.... that
the species be removed from the list; and

(iii) estimates of the time required and the
cost to carry out those measures needed to
achieve the plan’s goal...”

responsibility and treaty obligations of the United
States toward Indian tribes and tribal members, the
Secretaries of Interior and Commerce issued Sec-
retarial Order #3206 on June 5, 1997 to clarify the
responsibilities of the agencies while taking actions
under the authority of the Endangered Species Act.
The Order directed the departments to work directly
with Indian tribes on a government-to-government
basis to promote healthy ecosystems, recognized
the unique legal status of Indian lands, and affirmed
tribal management authorities and Federal consulta-
tion responsibilities in carrying out the conservation
measures of the Act.

Recovery Plans

Many of the same factors have contributed to the
decline and limit recovery of Chinook, Hood Canal
summer chum, and Coastal-Puget Sound bull trout,
and many of the recovery actions are likely to ben-
efit all of the distinct population segments that are
threatened. Although recovery plans have generally
been prepared by the federal agency of jurisdiction,
studies have indicated that the broad participa-
tion of diverse participants in the development of
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recovery plans increases the likelihood of successful
plan implementation (Hatch et al. 2002). Accordingly,
NMFS, USFWS, and state, tribal and local governments
have determined the advisability of coordinating the
regional recovery planning to meet the requirement
of Section 4(f).

The USFWS has divided the Coastal/Puget Sound
Bull Trout distinct population segment into two man-
agement units for recovery planning--Olympic Penin-
sula and Puget Sound. USFWS issued draft recovery
plans for the two management units in May, 2004,

which provides recovery targets (abundance, distribu-
tion, productivity, and diversity/connectivity) identified
by bull trout technical recovery teams, and provides
focus and guidance for key watersheds in their recov-
ery planning efforts for bull trout. While the draft plan
sets broad recovery goals and objectives for bull trout,
the USFWS is using the Stared Strategy watershed re-
covery planning process to identify specific actions that
can be taken to meet bull trout recovery targets, and to
elicit commitments to implement bull trout recovery in
concert with salmon recovery in Puget Sound.

Date Action Reference
US Fish and Wildlife Service (USFWS) receives a petition to list bull trout as an endangered
October 30, 1992 species throughout its range from the Friends of the Wild Swan, Alliance for the Wild Rockies,
and the Swan View Coalition.
June 10, 1993 USFWS publishes finding determining that the petitioners had provided substantial information
' indicating that listing of bull trout may be warranted in coterminous US, but precluded by higher
priority work.
December 4 1997 Oregon Federal District Court orders USFWS to reconsider several aspects of previous findings
' concerning listing of bull trout, including whether listing of the Coastal-Puget Sound distinct
population segment is warranted.
January 12-14, 1999 | USFWS convenes bull trout recovery teams.
Novernber 1. 1999 USFWS publishes Determination of Threatened Status for Bull Trout in the Coterminous United 64FR 58910
! States; 64FR 58934
Notice of Intent to Prepare a Special Rule Pursuant to Sections 4(d) for the Bull Trout.
Legal actions and settlement agreements related to critical habitat designation
June, 2004 Draft recovery plan for Coastal/Puget Sound DPS published.
June 25, 2004 Proposed Critical Habitat Designation for Coastal / Puget Sound Bull Trout
Date Action Reference
A group of professional fisheries biologists known as PRO-Salmon petitions NMFS to list several
March 14, 1994 . ) .
populations of Washington State salmon as threatened species.
NMFS announces that petitions to list populations of Chinook, chum, and other salmonids on
September 12, 1994 the West Coast USA may have scientific merit, and initiates status reviews. 59FR 46808
February 7, 1996 NMFS policy for defining Evolutionarily Significant Units of West Coast Pacific salmon 61FR4722
March 9, 1998 Proposed Rule: Threatened Status for Puget Sound Chinook ESU. 63FR 11482
March 10, 1998 Proposed Rule: Threatened Status for Hood Canal Summer Chum ESU. 63FR 11774
March 24, 1999 Final Rule: Threatened Status for Puget Sound Chinook ESU. 64FR 14308
March 25, 1999 Final Rule: Threatened Status for Hood Canal Summer Chum ESU. 64FR 14508
January 3, 2000 Proposed 4(d) Rule Governing Take for Puget Sound Chinook and Hood Canal Summer Chum 65FR 170
February 16, 2000 Final Rule Designating Critical Habitat: PS Chinook and HC Summer Chum. 65FR 7764
July 10, 2000 Final 4(d) Rule Governing Take for PS Chinook and HC Summer Chum 65FR 42422
June 3, 2004 Proposgd Pphcy on thel lConS|derat|0n of Hatchery-Origin Fish in Endangered Species Act Listing 69FR 31354
Determinations for Pacific Salmon and Steelhead
June 14, 2004 Pro_posed R_ule to list PS Chinook and HC Summer Chum foI_Io_vvnr}g an update to the status 69FR33101
review and incorporating the proposed policy on hatchery-origin fish.
Dec.14, 2004 Proposed rule: Critical Habitat Designation of Puget Sound Chinook ESU. 69CFR 239
Final Determination: Implementation of harvest Resource Management Plan will not appreciably
March 11, 2005 reduce likelihood of the survival and recovery of Puget Sound Chinook ESU OCFR 47
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Life Cycle of the Pacific Salmon

“There is no ending here. The ending here is the cycle of the salmon and another cycle of
the salmon and another cycle of the salmon which takes us into the future.”

Billy Frank, Jr, Chairman, Northwest Indian Fisheries Commission

The Pacific Northwest is home to seven different species of Pacific salmonids:
Chinook, coho, chum, sockeye, and pink salmon; and steelhead and cutthroat trout.
The salmon life cycle occurs in a chain of connected environments as they journey
through freshwater streams, estuaries, nearshore areas, and the ocean. Each of these
habitats provides crucial elements for the salmon’s survival as they cycle through their
incubation, emergence, freshwater rearing, estuary transition, ocean residence, migra-
tion and spawning. The cycle from birth in freshwater streams to the ocean and back
defines Pacific salmon as “anadromous.” Most Pacific salmonids (though not bull trout)
are also “semelparous,”
meaning that they die after
spawning only once. Their
total energies are devoted
to producing the next gen-
eration, and their bodies
help enrich the stream for
that generation and other

wildlife species.

Photo by Eileen Palmer for the Hood Canal Salmon Enhancement Group.
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Eggs: Incubation requires clean water, free of contamination and siltation.
Disturbance of a single “redd” (nest of eggs) will terminate the survival of
thousands of salmon.

Alevins: During emergence, alevins remain nestled in gravel and feed
from their attached yolk sacs. They are highly vulnerable to siltation and gravel
scour.

Fry: Feeding is crucial during freshwater rearing. Riparian vegetation helps
produce insects, provides cover from predators, and keeps water temperatures
cool. Tree roots stabilize streambanks and create habitat structure. Decaying
trees form log jams that provide cover and help create side channel refuges
for the tiny salmon, away from high velocity flows. Pools and wetlands

also provide shelter. Depending on the species, juvenile salmon remain in
freshwater from a period of only weeks to over a year before heading to the
estuary.

Outmlgra NTS: Juvenile salmon undergo a physiological change
known as “smoltification” that enables them to transition from freshwater to
saltwater in the estuary. Smoltification can occur primarily within freshwater
areas, or almost entirely in the nearshore environment depending on the
species, thus they may reside in the estuary to feed and adjust for a period

of only days to as much as a year before continuing on to the ocean. The
protected waters of the nearshore help them during their migration to the sea.
Shoreline logjams, brackish sloughs, marsh plants and eelgrass beds are es-
sential features that provide forage and hiding places along the way.

Sub-Adu ItS/Ad ults: maturation occurs during ocean residency
over a period from one to five years, leading up to the adult salmon's return

to rivers and lakes of their birth. The ranges and patterns of migration vary
greatly between the species and the region of origin for specific populations.
Shifts in ocean conditions (such as El Nino and Pacific Decadal Oscillations)
have been shown to affect food production, alter their typical migration pat-
terns, and result in differences in ocean survival rates. As the adult salmon
approach the stream of their origin, they once again undergo a physiological
change from saltwater to freshwater, and depend on nearshore and estuary
habitats during the transition.

Spawners: Once the adult spawners arrive at their home river
mouth, they need adequate flows, cool water temperatures, deep pools and
cover to rest and hide as they migrate upstream. Spawners seek clean, loose
gravel of an appropriate size in highly oxygenated water for laying their eggs.
The site must remain stable throughout incubation and emergence, and allow
water to percolate through the gravel to supply oxygen to the developing
embryo.
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Puget Sound Chinook

"Although it is natural for salmon populations to fluctuate from year to year, the dramatic
fall in populations over the past century places remaining salmon stocks in jeopardy.
Their reduced abundances allow no room for further downward cycles.”

Tim McNulty, Olympic Peninsula Naturalist and Author

Chinook Life History

Truly the “King" of Pacific salmon, Chinook are the largest species with adults often exceeding 40 pounds;
reports of adults over 100 pounds are common. Chinook at sea look similar to coho salmon (blue-green back
with silver flanks), but are distinguishable by their large size, small black spots on both lobes of the tail, and black
pigment along the base of their teeth.

Spawning and Incubation

As they prepare to spawn, Chinook lose their
silvery color and appear battered from their
journey. Chinook salmon typically spawn in
larger streams and higher velocity areas with
larger gravels than those areas utilized by the
other salmon species. Depending on their evo-
lutionary history, Chinook salmon may select
spawning areas close to or even within estuar-
ies, but their size and strength enable them to
travel for hundreds of miles upstream in some
river systems. Once the adult fish have arrived
at the spawning grounds and “ripened,” a female Chinook will dig a redd (nest) with her tail and deposit her
eggs into four or five nesting pockets. The number of eggs for each Chinook female can range from fewer than
2,000 eggs to more than 17,000 eggs, but in Puget Sound it is estimated that 2,000 to 5500 per female is typi-
cal. One or more males will fertilize the deposited eggs, and the female Chinook will guard the redd from 4 to
25 days before dying. Males may seek other spawning opportunities before they too, expire. Depending on the
water temperature, Chinook eggs will hatch between 32 to 159 days after deposition. Alevins (newly hatched
salmon with attached yolk sacs) will remain in the gravel for another 14 to 21 days before emerging. Water
quality, depth, velocity and temperature are all critical for the survival of eggs. Shallow water may make eggs
more vulnerable to predators and disturbance. High velocity can cause scouring of the stream bed, dislodg-
ing the eggs from their redd. Puget Sound Chinook tend to have relatively large eggs, greater than 8.0 mm in
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diameter on average. (Croot and Margolis, 1991)
(63FR11482; 3/9/98).

Rearing and Outmigration

The patterns for rearing and outmigration within
the life history cycle of Chinook salmon vary widely,
and scientists have identified four patterns just for
juvenile Chinook. (See the Nearshore Chapter for
a full description.) Juvenile Chinook salmon may
move out of the freshwater area from their river of
birth within 1 to 10 days after emerging from the
streambed gravel, and spend many months rearing
in the estuary, or they may reside in freshwater for
a full year, spending relatively little time in the estu-
ary area before migrating to sea. The majority of
Puget Sound Chinook leave the freshwater environ-
ment during their first year, making extensive use of
the protected estuary and nearshore habitats.

Chinook Population % (?utmigraticfn During
First Year min-max

NF Nooksack early 52-79

SF Nooksack early 40-73

Upper Cascade (Skagit) 28-91

Upper Sauk (Skagit) 29-65
Suiattle (Skagit) 16-77
Skykomish (Snohomish) 50-78
Snoqualmie (Snohomish) 58-94
Dungeness 29-100
Elwha 41-83

All others* min >75%

*No data available for Hood Canal populations.

Figure 2.1 Puget Sound Chinook juvenile outmigration; percent
of population that leaves freshwater in their first year (PSTRT
members, pers. comm.; 2005

Figure 2.1 shows the percentages of the Chinook
populations in Puget Sound rivers that leave fresh-
water during their first year. However, it should be
noted that each of the populations exhibits a great
deal of variation in the pattern of outmigration
by juveniles.

Nearshore ecosystems provide areas for the
young Chinook to forage and hide from predators.
Juvenile salmon experience the highest growth
rates of their lives while in the highly productive

SHARED STRATEGY FOR PUGET SOUND

estuaries and nearshore waters. These estuarine
habitats are ideal for juvenile salmon to undergo
the physiological transition to saltwater, and to
readjust to freshwater when they return to spawn
as adults. Nearshore areas serve as the migratory
pathway to ocean feeding areas. The vegetation,
shade and insect production along river mouth del-
tas and protected shorelines help to provide food,
cover and the regulation of temperatures in shallow
channels. Forage fish spawn in large aggregations
along protected shorelines, thus generating a base
of prey for the migrating salmon fry. Salmon often
utilize “pocket estuaries”-small estuaries located

at the mouths of streams and drainages, where
freshwater input helps them to adjust to the change
in salinity, insect production is high, and the shallow
waters protect them from larger fish that may prey
on them. As the juvenile salmon grow and adjust,
they move out to more exposed shorelines such

as eelgrass, kelp beds and rocky shorelines where
they continue their migratory path to the ocean
environment.

Given adequate habitat, juvenile salmon experience the highest
growth rate of their lives in the nearshore environment.

Age at Maturation

Chinook salmon exhibit considerable variation in
their size and age of maturity. Coast-wide, Chinook
salmon remain at sea for one to six years (more
commonly two to four years), with the exception of
a small proportion of yearling males (called “jacks”)
which mature in freshwater or return after two or

CHAPTER 2 — PAGE 39



River Deltas provide
vegetation, shade and insect

production for food.

Although some Puget Sound Chinook
apparently spend their entire life within
Puget Sound, most migrate to the ocean
and north along the Canadian coast. The
migratory pattern of Puget Sound origin

The freshwater input of
pocket estuaries helps the
salmon adjust to changing

salinity.

shorelines.

Exposed shorelines such as

eelgrass, kelp beds and rocky
shorelines serve as the
migratory pathway to the sea.

three months in salt water. As shown in figure 2.2,
Puget Sound Chinook tend to mature at ages three
and four.

Migration

Chinook salmon generally migrate great distances
in the ocean and tend to migrate to the north into
waters adjacent to Canada and Alaska. It is thought
that the diversity of migratory routes in the ocean
may be important to the success of the species as
a whole. During this migration, salmon that origi-
nated in many different rivers are mixed together,
and separate themselves as they return to the
proximity of their natal stream.
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Forage fish, which serve as
prey for salmon, spawn in large

aggregations along protected

Chinook along the coast, rather than the
open ocean, makes them particularly
vulnerable to recreational and commercial
fishing. Fisheries catch data indicate that
most Puget Sound Chinook are caught

in the Strait of Juan de Fuca, Strait of
Georgia, Puget Sound and off of the west
coast of Vancouver Island. Less than one
percent are caught to the south of Cape
Flattery, off of the west coast of Washing-
ton and Oregon.

There appear to be substantial differenc-
es in migratory patterns between Chinook
that originate from Puget Sound rivers and
those from the Washington coast, with a
higher proportion of coastal Washington
Chinook migrating to Alaskan waters.
While the Elwha River Chinook appear
to be a transitional population between
Puget Sound and coastal Washington
stocks based on their genetic and life his-
tory characteristics, their migration patterns
resemble Puget Sound Chinook more
closely. Chinook from the northern rivers
of Puget Sound, particularly the Nooksack,
tend to utilize the Strait of Georgia more than other
Puget Sound Chinook.

Puget Sound Chinook also vary in their return
migratory routes from year to year, with different
tendencies to migrate along the west coast of Van-
couver Island or through Johnstone Strait and the
Strait of Georgia. This may be a function of ocean
temperature conditions and the effect of the
large freshwater plume from the mouth of the
Fraser River.

Timing of Returns and Spawning

Chinook salmon return to their streams of origin

PUGET SOUND SALMON RECOVERY PLAN



NF Nooksack (4)

SF Nooksack (3)
Lower Skagit (4)
Upper Skagit (8)
Upper Cascade (3)
Lower Sauk (7)
Upper Sauk (5)
Suiattle (8)

NF Stillaguamish (12)
SF Stillaguamish (9)
Skykomish (5)
Snoqualmie (6)
Sammamish (1)
Cedar (1)

Green (11)

White (6)

Puyallup (8)
Nisqually (2)
Skokomish (3)

Mid Hood Canal (2)
Dungeness (9)
Elwha NOR (9)

POPULATION (#YRS OF DATA)

(PSRT A & P Tables, 2005)

Distribution of Age at Return for Puget Sound Chinook Populations
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with a high degree of fidelity. The
“homing” characteristic is not perfect,
and fish may stray to nearby streams
with similar environmental character-
istics, particularly when their home
watershed has been disrupted. This
trait may have helped spread their
distribution across adequate incuba-
- | tion and rearing habitat, prevented
catastrophic loss to the species based
I | on a disturbance to one area or re-
gion, and provided a mechanism for

f '%‘nl

stocks & species

Least mixture of
stocks & species

local adaptation.

Although Chinook salmon may re-
turn to their natal river mouth almost
any month of the year, peaks in run
timing occur in the spring through late
fall. The timing for Chinook re-entry
to freshwater and spawning is be-
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lieved to be related to local tempera-
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ture and water flow regimes. “Despite the wide varia-
tion in run timing within most rivers, spawning times
tend to be similar among runs.” (Croot and Margolis,
1991) Egg deposition must occur at a time to ensure
that fry will emerge during the following spring when
the conditions in the river or estuary will provide food
and refuge sufficient for their survival and growth.
Early-timed Chinook salmon tend to enter freshwa-
ter as immature fish in the spring, migrate far up-
river, and finally spawn in the late summer and early
autumn. Late-timed Chinook enter freshwater in the
fall at an advanced stage of maturity, move rapidly
to their spawning areas on the mainstem or lower
tributaries of the rivers, and spawn within a few days
or weeks of freshwater entry (Myers et al. 1998).
All stocks utilize resting pools, which provide a retreat
from high-energy flows, thermal protection from

late summer temperatures, and a safe haven from
potential predators.

The return of adult Chinook salmon to freshwater
in the Puget Sound region occurs from late March to
early December, and varies considerably across and
within major river basins (Figure 2.4). Peak Chinook
spawning occurs from mid to late August to mid
October. Chinook runs which return in the summer
and fall predominate in Puget Sound, and many of
the early-timed runs have become extinct. (Myers et
al. 1998)

Status of Puget Sound Chinook

Following the status review of Chinook salmon
from Washington, Idaho, Oregon, and California in
1998, the National Marine Fisheries Service deter-

PUGET SOUND AND HOOD CANAL

NF Nooksack R. Sp ‘ [

SF Nooksack R. Sp ‘

Upper Skagit R. Su

Lower Skagit R. F

Upper Sauk R. Sp
Lower Sauk R. Su
Suiattle R. Sp

Upper Cascade R. | Sp

Stillaguamish R. Su

WDF et al. 1993

WDF et al. 1993

Orrell 1976. WDF et al. 1993

WDF et al. 1993

Orrell 1976. WDF et al. 1993

WDF et al. 1993. WDFW 1995

WDF et al. 1993. WDFW 1995

Stillaguamish R. F

Snohomish R. Su

Snohomish R. F

Cedar R. F

Green R. F

White R. Sp

Nisqually R. F

Duekabush R. F

Dosewalips R.

Skokomish R. F

WASHINGTON COAST AND THE STRAIT OF JUAN DE FUCA
Dungeness R. Sp ‘
Elwha R. F

Figure 2.4 Freshwater migration and spawning timing for selected Chinook salmon from the Puget Sound. Run
designations as characterized in the BRT Status Review, (Myers et al. 1998): Sp-spring; Su-summer; F-fall. Spring run
designations for White and Dungeness Rivers stocks have been reclassified by local management agencies, but “Sp”
labels have been retained for historical consistency. Due to variability in spawning times within a stock, some fish

may still be entering freshwater during the spawning time intervals.
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WDF et al. 1993. WDFW 1995

WDF et al. 1993. WDFW 1995

WDF et al. 1993

WDF et al. 1993

WDF et al. 1993

WDF et al. 1993
WDF et al. 1993
WDF et al. 1993
WDF et al. 1993
PNPTC 1995

WDF et al. 1993

PNPTC 1995. WDFW 1995
PNPTC 1995. WDFW 1995

] Freshwater
Migration Timing

Il Spawning Timing
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mined that Chinook salmon in the Puget Sound region
constituted an evolutionarily significant unit and that the
Puget Sound ESU is at risk of becoming endangered in
the foreseeable future Myers et al. 1998). The Federal
Register of March 9, 1998, which proposed the listing in abundance are predominantly downward, and
of Puget Sound Chinook as threatened under the En- several populations are exhibiting severe short
dangered Species Act, summarized the status of Puget
Sound Chinook as follows:

levels, and many populations are small enough
that genetic and demographic risks are likely to be

relatively high. Both long and short term trends

term declines. Spring Chinook salmon populations

throughout this ESU are all depressed.”
“Overall abundance of Chinook salmon in the Puget

Sound ESU has declined substantially from historical

Populations, Metapopulations, Stocks and Runs

The dictionary definition of “population” is a broad term referring to a group of organisms that constitute a
specific group and occur in a specified habitat. Ecology textbooks refer to populations as, “a group of or-
ganisms of the same species that occupy the same geographic area at the same time." Fisheries scientists
have developed definitions for populations and related terms as follows:

* An “independent population” is defined as a group of fish of the same species that spawns in a par-
ticular lake or stream (or portion thereof) at a particular season which, to a substantial degree, does not
interbreed with fish from any other group spawning in a different place or in the same place at a differ-
ent season.

« “Metapopulations” are the network of local populations or sub-populations that are genetically inter-
related and in nearby geographic proximity. Their close relationships are thought to be the result of
occasional straying by returning adult salmon to a neighboring patch of similar habitat within the same
watershed or in a nearby watershed. The group of populations in an evolutionarily significant unit may
be considered a metapopulation.

* In general, the term “stock™ coincides with the definition of an independent population, referring to a
local population of fish that originates from a specific watershed as juveniles and returns to the birth
stream to spawn as adults. A stock is generally defined by its geographic spawning location, while a
population takes into account genetic similarities as well.

* A “run” is generally the return of adult salmon in a given year for a particular species. A run may be fur-
ther divided into timing segments such as an early run or a late run, and may refer to different geograph-
ic groupings, such as an individual river basin, or an entire region such as Puget Sound.

An evolutionarily significant unit (ESU) is defined by two criteria: 1) it must be substantially reproductively
isolated, and 2) it must represent an important component of the evolutionary legacy of the species. The
population definitions address the first of these criteria, but the evolutionary legacy component is based on
additional considerations of genetics, geography and habitat adaptation.

(McElhany, et. al., 2000; PSTRT, 2005; National Research Council, 1996)
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The Puget Sound Evolutionarily
Significant Unit

The Puget Sound ESU is a composite of many
individual populations of naturally spawning Chi-
nook salmon, and a number of hatchery stocks
(64FR 14308, 3/24/99). The delineation of the
independent populations that make up an ESU
is a major step in the development of a recovery
plan, as the populations are the building blocks
for persistence and recovery. The boundary of the
Puget Sound Chinook salmon ESU extends from
the Nooksack River in the north to southern Puget
Sound, includes Hood Canal, and extends westerly
out the Strait of Juan de Fuca to the Elwha River.
The Skagit River and its tributaries constitute what

was historically the predominant system in Puget
Sound containing naturally spawning populations.

Independent Populations of Puget
Sound Chinook

Recently the Puget Sound Technical Recovery
Team (PSTRT) analyzed the Chinook populations
of Puget Sound and identified 22 independent
populations of Chinook salmon (figure 2.6). The
population designations are preliminary, and may
be revised based on additional information. The
scientists looked at previous work in the Salmon
and Steelhead Stock Inventory (WDFW et al., 1993)
and other data to identify geographic boundaries
of historical populations of Chinook. The PSTRT

evaluated factors including the

location of spawning habitat, the

@
i
2.
] s

“fyack

wer Sk“gﬂ
)

BN 2
257

45

"\\0 SeWa s
wf/p,

D l;l‘ a t,’,g_h

\\umn\u i, g

&
.
09

0 20

N.F. Npoksack

%L

T

e
L2
2,

extent of straying by adult Chinook
to spawning sites away from their
natal stream or location, genetic
attributes, patterns of life history,
and other population and envi-
ronmental characteristics.  The
report, Independent Populations of
Chinook Salmon in Puget Sound
(PSTRT, 2005), emphasized that
the geographic boundaries of
independent populations identified
in the report do not include all of
the habitats that may be important
to population viability or recovery
of the ESU.

Extinct and Extant Chinook
Populations

Although 22 independent popu-
lations of Chinook salmon have
been identified in Puget Sound,
historically it is believed that there
may have been 30-37 indepen-
N dent populations or spawning
aggregations. Chinook populations

Figure 2.5 Major Chinook salmon spawning rivers and tributaries in the Puget

Sound (PSTRT, 2005)
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that have been particularly affected
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are the early returning life history types in the Puget
Sound ESU. As noted by the West Coast Salmon
Biological Review Team in their 2003 report, “The
loss of early-run Chinook salmon stocks in Puget
Sound represents an important loss of part of the
evolutionary legacy of the historical ESU" (Myers et
al. 1998)

The historical presence of early Chinook runs is
supported by anthropological reports from the early
20th century, which noted that local tribes fished
for salmon almost year-round, moving throughout
Puget Sound to take advantage of the run timing on
different river systems. As steelhead fishing wound
down in the late winter, tribal fishers would look

Kilometers J— Data displayed are for general

e . refeerce ooy o latily i

- assume accuracy or

5 1’\.— Puget Sound Basnl D, Feb 12, 2004 completeness of the data

Figure 2.6 Independent Populations of Puget Sound chinook (PSTRT, 2004)
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forward to the early Chinook runs in the
large rivers (Gunther, 1927).

Genetic Characteristics

An analysis of the genetic structure of
groups of Chinook populations on the
West Coast of the United States was con-
ducted by the NMFS West Coast Chinook
Biological Review Team during their 1997
status review. Puget Sound populations
of Chinook salmon constituted a geneti-
cally distinct group from other chinook
along the west coast of the United States
and Canada. The Elwha River population
was genetically intermediate between
Puget Sound and Washington coastal
populations. Populations from the Nook-
sack system were genetically very distinct,
probably due to their location on the
northern boundary of the Puget Sound
eco-region, but were more closely allied
with other Puget Sound samples than
with populations from the Washington
coast or Canada.

Further analysis of genetic differen-
tiation among Puget Sound Chinook
populations was conducted by the Puget
Sound Technical Recovery Team (PSTRT,
Technical Memo Draft, 2005). Six major
genetic clusters of Chinook salmon in
Puget Sound were identified, which were
generally consistent with the geographic
configuration of the river systems:

1. Strait of Juan de Fuca Chinook Salmon
2. Nooksack River early-returning Chinook salmon
3. Skagit and North Fork Stillaguamish Rivers Chi-

nook salmon

4. Snohomish and South Fork Stillaguamish Rivers

Chinook salmon

5. Center, southern Puget Sound and Hood Canal

late-returning Chinook salmon

6. White River early-returning Chinook salmon
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River Basin

Independent
Populations

Putatatively Extinct
Populations or
Spawning Aggregations

Nooksack North Fork Nooksack * | Late-run Nooksack
South Fork Nooksack *
Skagit Lower Skagit Baker River
Upper Skagit
Cascade*
Lower Sauk*
Upper Sauk*
Suiattle*
Stillaguamish North Fork Stillaguamish | Early-run Stillaguamish
South Fork Stillaguamish
Snohomish Skykomish Early-run Snohomish
Snoqualmie
Lake WA Sammamish Late-run Sammamish
Cedar
Duwamish/Green | Duwamish/Green Early-run Duwamish/Green
Puyallup White* Late-run White
Puyallup Late-run Puyallup
Early-run Puyallup
Nisqually Nisqually Early-run Nisqually
Late-run Nisqually
Skokomish Skokomish Early-run North Fork
Skokomish
Early-run South Fork
Skokomish
Dosewallips, Mid-Hood Canal Early-run mid-Hood Canal
Duckabush,
Hamma Hamma
Dungeness Dungeness
Elwha Elwha Early-run Elwha

*indicates early-run timing

The genetic composition of Chinook in some
Puget Sound systems, particularly in Lake Wash-
ington and the South Sound, has been extensively

influenced by hatchery stocks. Evidence of histori-
cal variation has also been constrained by dams
on some Puget Sound Rivers. The Elwha River, for
example historically contained a population of the
largest Chinook salmon in the Puget Sound area;
it is not clear whether these fish have any remain-
ing genetic legacy in the Elwha River population
(PSTRT, 2001; 63FR11484, 3/9/98).
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Viable Salmon Population Parameters

A “Viable Salmon Population” has been defined by NMFS as “an independent population of
any Pacific salmonid that has a negligible risk of extinction due to threats from demographic
variation, local environmental variation, and genetic diversity changes over a 100-year time
frame.” (McElhany et al., 2000)

Four parameters have been identified to assess the viability of salmon populations: abundance,
productivity, spatial structure and diversity. NMFS focuses on the four parameters for several
reasons. They are reasonable predictors of extinction risk, they reflect general processes that are
important to all populations of all species, and they are measurable. VSP parameters can be ap-
plied at the population and ESU level.

“Abundance” is simply the size of the population. NMFS considers abundance important
because, “all else being equal, smaller populations are at greater risk of extinction than large
populations.”

“Productivity” refers to the population’s growth rate and how well the population is perform-
ing, and is generally measured by the number of returning adults produced by a parent spawner.
If the estimates of productivity indicate that a population is consistently failing to replace itself, it
is an indicator of increased extinction risk.

“Spatial Structure” refers to the distribution of the fish in a population or group of populations
in the habitat they use throughout their life cycle. A population that has a greater spatial distri-
bution of individuals is more likely to persist than a population whose individuals are concen-
trated in a few locations. Spatial structure of fish populations goes with the habitat that supports
them. Habitat patches are needed by salmonids at all life history stages in a distribution pattern
that does not increase the risk of a catastrophic loss. The populations and their habitat must be
close enough to allow individuals or populations to connect to each other or to re-colonize an
area that has become extirpated.

“Diversity” indicates the differences within and among populations in genetic and behavioral
traits, such as run timing, age structure, size, etc. Diversity allows a species to use a greater
variety of habitats, and allows it to survive short and long term changes in the environment from
natural or human-caused factors.

Although the VSP parameters have been specifically developed for salmon, a chicken farmer might think of them this way: 1)

Is the flock abundant enough that it can withstand some loss from foxes and hailstorms, and prevent inbreeding? 2) Are the
chickens producing enough eggs to replace themselves over the long term and provide a living for the farmer? 3) Are you keep-
ing all your eggs in one basket? Do you have enough egg-laying boxes and roosting posts for the size of the flock? Do your
chickens have enough room to avoid fighting and competing for territory? 4) Is your flock diverse enough in its different breeds
and age groups that it is likely to persist for a long time, even if environmental conditions around the coop change?
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Recent Population Abundance
and Productivity

Several populations of Chinook salmon in the
Puget Sound ESU have experienced critically low
returns within the last 20 years. Chinook popula-
tions in the Nooksack, Lake Washington, mid-Hood
Canal, Puyallup and Dungeness basins have had
returns of less than 200 adult fish, placing these
populations at substantial genetic and demograph-
ic risk. Only two populations, the Upper Skagit and
Green/Duwamish have had average retumns in ex-
cess of 10,000 adult Chinook for the most recent
five year (2000-2004) period. Figure 2.8 displays
geometric means for the abundance of naturally

spawning Chinook populations for selected five
year periods.

Figure 2.8 also contains information on the
contribution of hatchery-origin fish to the natural
spawning populations. Of the twelve populations
with greater than 1,000 natural spawners for the
most recent five year period, only the two Skagit
populations are thought to have a low fraction of
hatchery fish (<5%). (Note that fish which were
incubated and released from a hatchery, referred
to as "hatchery-origin” fish, may return to spawn
naturally. Data which would help scientists differen-
tiate between those fish which incubated naturally
in streams, and those returning adults which were

1986-1990 1994-1998 2000-2004
Hgg&:ﬂlddle Fork 140 21% 129 263 67% 0.45 4232 949%
South Fork Nooksack 243 7% 0.60 181 35% 1.20 303 46%
Lower Skagit 2,732 1% 0.59 974 1% 3.15 2,597 2%
Upper Skagit 8,020 2% 0.69 6,388 1% 1.60 12,116 4%
Upper Cascade 226 0% 0.88 241 0% 1.34 355 1%
Lower Sauk 888 0% 0.61 330 0% 2.35 825 0%
Upper Sauk 720 0% 0.57 245 0% 1.35 413 0%
Suiattle 687 0% 0.40 365 0% 1.20 409 0%
North Fork Stillaguamish 699 0% 0.92 862 35% 0.94 1,176 31%
South Fork Stillaguamish 257 0% 1.31 246 0% 1.22 205 0%
Skykomish 3,204 14% 0.52 3,172 529% 0.82 4,759 39%
Snoqualmie 907 12% 1.23 1,012 33% 1.68 2,446 14%
Sammamish 388 41% 0.28 145 74% 2.72 243 69%
Cedar 733 9% 0.51 391 17% 0.97 412 21%
Green/Duwamish 7966 62% 0.50 7,060 71% 1.00 13,172 34%
White 73 56% 751 452 82% 1.49 1,417 28%
Puyallup 1,509 15% 1.86 1,657 40% 0.67 1,353 31%
Nisqually 602 3% 422 753 21% 1.38 1,295 25%
Skokomish 1,630 69% 0.48 866 69% 0.34 1,479 80%
Mid Hood Canal 87 26% 1.41 182 26% 1.31 202 46%
Dungeness 185 83% 0.12 101 83% 0.70 532 83%
Elwha Nat Spawners 2,055 34% 0.46 512 61% 1.03 847 54%
Elwha Nat+Hat Spawners 3,887 349 0.67 1,679 61% 1.27 2,384 5490

Table Notes: Data from TRT A&P Tables 4/15/05.

No estimates of productivity are included for 2000-2004 period, since returns from those spawning (brood) years are not complete. The1986-1990 period
represents the first 5 year period for which escapement data is available for all populations. The 1994-1998 period is the 5 years prior to listing (in March 1999).
The 2000-2004 period is the last 5 years for which we have escapement data (most recent 5 years).

Figure 2.8 Geometric mean (5 yr periods) of natural spawning abundance, % hatchery contribution to natural
spawners, and productivity (return spawners from parent spawners) for Puget Sound Chinook populations.
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hatchery-origin fish that returned to spawn naturally,
are unavailable in several river systems.)

The productivity estimates in figure 2.8 are the
number of adult offspring that return and spawn
successfully from a single parent spawner. A figure
of 1.0 indicates that the population is replacing
itself. Figures shown in red represent productivity
values below the population replacement level. It
should be noted that productivity is calculated on
the basis of parent year to offspring returning over
several years, and the trends of mean annual abun-
dance may not be the same as those
for productivity.

Although the status review of Puget Sound Chi-
nook conducted in 1998 (Myers et al.) indicated
that the long term productivity trend for naturally-
spawning populations was declining by 1.1%, more
recent information has shown some improvement.
The updated trend calculated in 2003 was flat,
suggesting that the populations are, on average, just
replacing themselves (NMFS/BRT, 2003). Produc-
tivity in many populations has increased, although it
may still be below the replacement value. Howev-

er, it should be noted that it is difficult to determine
these trends due to the presence of hatchery-origin
fish in the naturally spawning populations.

In order to compare recent abundance figures
with historical run sizes, scientists have used a
number of methods to estimate the historical
population levels. One method is the Ecosystem
Diagnostic Treatment (EDT) computer model
(Mobrand, Inc.) which allows biologists to input the
size and quality of habitat capacity to estimate the
number of salmon that the river system could sup-
port. EDT modeling results support other records
and observations over the last century, and indicate
that present Puget Sound Chinook populations are
a small fraction of their historical levels.

Viability of Puget Sound Chinook Populations
and the Puget Sound ESU

Based on the four Viable Salmon Population
(VSP) parameters, few of the Chinook salmon
populations in Puget Sound are considered to be
viable. With the exception of the Skagit system,
abundance levels in each of the populations are a

small fraction of their historical esti-

Comparison of 5-yr (2000-2004) geometric mean of naturally
spawning Puget Sound Chinook populations to estimates of
historical capacity of Puget Sound rivers (EDT estimates)

mates. Productivity in many cases
has been declining, or remains
below the population replacement

value. Although the spatial distribu-
tion of naturally-spawning popula-

tions is difficult to determine due to
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hatchery influence, the remaining
populations with significant numbers
of natural-origin spawners are con-
centrated in the region containing
the Skagit and Stillaguamish River
basins. Diversity has been impacted

Notes on graph: EDT estimates of historical
capacity of Puget Sound streams are taken from
the 2003 Status Report by the NMFS Biological
Review Team, which was based on unpublished
data from the Puget Sound TRT and Puget Sound
co-managers.
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Viability at the ESU Level

In considering the viability of an entire ESU, con-
sideration must be given to additional factors
such as catastrophic events that eliminate an
entire population, long-term demographic pro-
cesses that allow populations to colonize new or
restored habitat areas, and long-term evolution-
ary potential. ESU viability guidelines include:

¢ ESU’s should contain multiple populations.

+ Some populations in an ESU should be geo-
graphically widespread.

 Some populations should be geographically
close to each other.

* Populations should not all share common
catastrophic risks.

« Populations that display diverse life histories
and other attributes should be maintained.

 Some populations should exceed minimum
VSP ranges.

« The level of uncertainty about ESU-level pro-
cesses should be taken into account.

(McElhany, et al., 2000)

by the loss of many of the early-run Chinook popu-
lations, underscoring the importance of preserving
the remaining early populations. (Flgure 2.7).

Section 4 of the Recovery Plan contains a discus-
sion of the technical guidelines and planning ranges
for abundance in determining whether an individual
Chinook population can be considered to be viable,
and thus at a low risk of extinction.

A viable ESU is similar to a viable population-it is
naturally self-sustaining and has a negligible risk of
extinction over a time period of more than a cen-
tury. Guidelines for the ESU level are also similar
to those for individual populations, and focus on
the risk of catastrophes, maintenance of popula-
tion processes, and preservation of diversity. These
guidelines are described further in Section 4.

PUGET SOUND SALMON RECOVERY PLAN



Hood Canal Summer Chum

“Ecologically, summer-run chum salmon populations from Washington must return to
fresh water and spawn during periods of peak high water temperature, suggesting an
adaptation to specialized environmental conditions that allow this life-history strategy to

persist in an otherwise inhospitable environment” FR63; March 10, 1998

Chum Life History

In addition to the prominent fangs that have given them the nickname “dogs,” chum salmon are known for
the striking calico pattern of spawning males, which exhibit a bold, jagged reddish and black line along their
flank. Chum salmon are second only to Chinook salmon in adult size, with individuals reported up to 43 inches
in length and 46 pounds in weight. The average size for the species is around 8 to 15 Ibs.

Chum salmon spend more of their life history in marine waters than any other Pacific salmonid species.
Juvenile chum migrate to saltwater almost immediately after emerging from gravel, thus their continued survival
depends substantially on estuarine conditions (unlike other salmonid species that depend extensively on fresh-
water habitat). Also unlike other salmon species, chum salmon form schools, a characteristic that is presumed
to help them reduce predation.

Spawning, Emergence, Estuarine Rearing
and Migration

Chum salmon usually spawn in the lower
reaches of rivers, probably due to their lack of
persistence in overcoming blockages and falls.
Although chum may migrate upstream for over
100 miles on some river systems, most of these
rivers are low gradient and without substantial
blockages. Redds are usually dug in the mainstem
£ or in side channels of rivers beginning just above
= tidal influence. Some chum salmon even spawn
r N+ _ : : in intertidal zones of streams at low tide, particu-
Prco by Rene e - larly where groundwater upwelling is present. Most

chum salmon mature between three and five years
of age, with 60 to 90 percent of the fish maturing at four years of age.

Some scientific observations of chum suggest that the returning adults have a greater tendency to stray to
other river systems than other salmonids. This is thought to be due to a number of possible factors such as
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their spawning location near the mouths of riv-

ers, which does not afford the juveniles the long
downstream migration undertaken by other species
during the process of imprinting. Additionally, chum
enter streams when they are sexually mature and
may not be able to endure a delay, leading them

to spawn at the first available location. Additional
studies on straying by chum have been inconclu-
sive, and are affected by hatchery releases.

The timing of hatching and the young fry's
emergence from gravel varies by stream tempera-
ture, dissolved oxygen level, gravel size, salinity and
nutritional conditions. Summer chum eggs and
alevins (juveniles with egg-sac attached) develop in
the redds for approximately 18 - 20 weeks before
emerging as fry between February and the last
week of May. Outmigration to saltwater may take
only hours or days where the spawning sites are
close to the river mouth. Estuarine residency is the
most critical phase in the life history of chum. They
remain close to the surface, rearing in shallow eel-
grass beds, tidal creeks, sloughs or other productive
estuarine areas for several weeks between January
and July.

Although migratory information on chum is
limited, both Asian and North American chum are
found in the North Pacific and Bering Sea. North
American chum salmon are rarely found west of
the mid-Pacific ocean, while Asian-origin chum have
been shown to migrate eastward of that point. Af-
ter two to four years in the northeast Pacific ocean,
Puget Sound-origin chum reaching maturity follow a
southerly migration path parallel to the coastline of
southeast Alaska and British Columbia.

In Washington State, fall-timed runs of chum
predominate, generally returning to their streams
of origin from October to November. However,
distinct summer runs of chum in Hood Canal and
the eastern Strait of Juan de Fuca spawn from late
August to mid-October.
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Characteristics of Hood Canal
Summer Chum

Data as far back as 1913 have shown a well-
defined timing separation of summer and fall runs
in Hood Canal, even within the same river system.
Despite hatchery releases, a strong temporal sepa-
ration remains. Hood Canal summer chum spawn
soon after they enter freshwater in the lowest
reaches of their natal streams. Ninety percent of
summer chum in the Quilcene River spawn in the
lowest mile. In Salmon Creek the summer chum
also spawn within the lowest mile, and in Snow
and Jimmycomelately Creeks they spawn in the
lowest one-half mile.

Genetic data indicate a strong and long-stand-
ing reproductive isolation between Hood Canal
summer chum and other chum populations in the
United States and British Columbia. Summer chum
populations are rare in the southern portion of the
specie’s range. The high water temperatures and
low streamflows in the late summer and early fall
are unfavorable for salmonids south of northern
British Columbia. The ability of Hood Canal Sum-
mer Chum to persist in the face of such hostile
conditions led the NMFS Biological Review Team
to conclude that these populations contribute to
the ecological and genetic diversity of the species
as a whole. Although a few summer-run popula-
tions are also present in southern Puget Sound, the
genetic data indicate that the summer-run popula-
tions of Hood Canal and the eastern Strait of Juan
de Fuca are part of a much more ancient lineage.

“The Washington Harbor [Klallam] people fish for
dog salmon in a creek near Blyn. The chief owns
the trap at the mouth of the creek.”

Gunther, 1927

PUGET SOUND SALMON RECOVERY PLAN



Status of the Hood Canal
Summer Chum Populations

“Hood Canal and Strait of Juan de Fuca summer
chum experienced a severe drop in abundance
in the 1980's, and returns decreased to all time
lows in 1989 and 1990 with less than a thousand
spawners each year,” (WDFW/PNPTT, 2000). In
response to this alarming decline, the state and
tribal co-managers began to implement harvest
management actions in 1992 to protect summer

Hood Canal
Summer Chum Peputations

Current Population H
Extinct Population

No Data

Chum Planning Area

Shared Sirategy
Planning Areas

3
%
Hood Canral Summer a
A"

Uag Creaed - 00

chum, and worked with the US Fish and Wildlife
Service and citizen groups to initiate hatchery
supplementation and re-introduction programs.
These combined efforts, known as the “Summer
Chum Salmon Conservation Initiative,” appear to
have contributed to substantial increases of return-
ing summer chum to some streams in the late
1990's. Although the NMFS Biological Review
Team acknowledged that the Initiative represented
a positive step for the recovery of the ESU, they
continue to consider the ESU as likely to become

Figure 2.10 Hood Canal Summer Chum Populations and ESU

SHARED STRATEGY FOR PUGET SOUND

CHAPTER 2 — PAGE 53



endangered due to the widespread loss of estuary
and lower floodplain habitat, negative interactions
with hatchery fish, and high predation by marine
mammals. (BRT 2003)

The Hood Canal Summer Chum Evolutionary
Significant Unit

The Hood Canal summer chum salmon ESU
includes all naturally spawned populations of sum-
mer-run chum salmon in tributaries to the Hood
Canal, and in Discovery Bay, Sequim Bay, and the
Dungeness River on the Strait of Juan de Fuca
(See Figure 2.10).

Sixteen historic populations comprise the Hood
Canal summer chum ESU, of which eight currently
have existing runs, (see Figure 2.11). Most of the
populations which have become extirpated occur
on the eastern side of Hood Canal.

Six projects to supplement existing populations
and two reintroduction projects are part of the
Summer Chum Salmon Conservation Initiative,
with the largest supplementation program at the
Big Quilcene River fish hatchery. Reintroduction
programs have been initiated in Big Beef and Chi-
macum creeks, where the historical populations are
thought to be extinct.

tions (Quilcene and Union) are increasing, and the
Quilcene's positive growth rate is almost surely due
to active supplementation programs. The median
long-term trend for the productivity of extant popu-
lations is 0.94 (a growth rate of 1.0 indicates that a
population or group of populations is just replacing
itself). Long term trends are generally computed
based on data going back to the early 1970's.

In contrast to the declining long-term trends,
most of the naturally spawning populations of
Hood Canal summer chum have shown improving
productivity in the recent short term. Seven of the
eight extant populations in the ESU have been in-
creasing from 1990-2002, reflecting supplementa-
tion programs and possible improvements in recent
ocean conditions.

Spatial Distribution of Natural-Origin
Spawners

Status Reviews of Hood Canal summer chum in
1997 and 2003 indicated concern that most of the
historical summer chum stocks on the east side of
Hood Canal have been extirpated. The increasing
urbanization of Kitsap County was also cited as a
threat to the potential to retain or reintroduce sum-

Recent Population
Abundance and Trends

The recent abundance
of summer chum in Hood
Canal and Strait of Juan de
Fuca streams ranges from
a geometric mean of 10
spawners in Jimmycome-
lately Creek to just over
4,500 in the Big/Little Quil-
cene (Figure 2.12). The
analysis of long term popu-
lation trends by the NMFS
Biological Review Team
indicated that only two
naturally spawning popula-
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Population Status | Supplementation/Reintroduction Program
Union River Extant Supplementation program began in 2000
Lilliwaup Creek Extant Supplementation program began in 1992
Hamma Hamma River Extant Supplementation program began in 1997
Duckabush River Extant
Dosewallips River Extant
Big/Little Quilcene River | Extant Supplementation program began in 1992
Snow/Salmon Creeks Extant Supp. program began in 1992 in Salmon
Jimmycomelately Creek | Extant Supplementation program began in 1999
Dungeness River Unknown | —
Big Beef Creek Extinct Reintroduction program began in 1996
Anderson Creek Extinct
Dewatto Creek Extinct Natural re-colonization occurring
Tahuya River Extinct —
Skokomish River Extinct -
Finch Creek Extinct —
Chimacum Creek Extinct Reintroduction program
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mer chum populations on the east side.

The Puget Sound Technical Recovery Team has
preliminarily identified two aggregations of sum-
mer chum salmon in the ESU which may constitute
independent populations. Stocks in the Hood
Canal aggregation include the extant stocks originat-
ing in the Big/Little Quilcene, Dosewallips, Ducka-
bush, Hamma Hamma, Lilliwaup and the Union
watersheds, as well as those being supplemented
in Big Beef Creek and the Tahuya River. The Strait
of Juan de Fuca aggregation includes those extant
stocks originating in Salmon/Snow Creeks, Jimmy-
comelately Creek, Chimacum Creek (supplemented
stock), and any summer chum salmon that may be
spawning in the Dungeness River.

Viability of the Hood Canal Summer
Chum ESU

During the preparation of the 2003 update to the
chum status review, members of the NMFS Biologi-
cal Review Team were asked to rate each of the
four VSP categories (abundance, productivity, spatial
structure and diversity) with respect to the risk of
extinction. Despite the recent gains in productivity
due to supplementation programs, the Team voted
overwhelmingly to retain the Hood Canal summer
chum ESU in the “likely to become endangered”
category.

Although a population viability analysis for sum-
mer chum salmon has not yet been completed,
co-managers have continued to develop interim
recovery goals with TRT participation. These goals

are described further

Geometric mean | Long Term Trend in the Hood Canal
Population escapement (ih"aatl':ﬁe°;cllﬂl':§("fti:5 Short Term Trend Summer Chum
(1999-2002) replacing itself) Recovery Plan being
Union River 594 1.08 1.10 prepared by the
Lilliwaup Creek 13 0.88 1.00% Hood Canal
Hamma Hamma River 558 0.90 1.20 Coordinating Council.
Duckabush River 382 0.91 1.14
Dosewallips River 919 0.96 1.25
Big/Little Quilcene River 4512 1.05 1.62
Snow/Salmon Creeks 1,521 0.99 1.24
Jimmycomelately Creek 10 0.88 0.82*
* Supplementation programs at Jimmycomelately and Lilliwaup reduced the number of
spawners released to achieve escapement naturally.
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Coastal/Puget Sound Bull Trout

“The Coastal/Puget Sound bull trout distinct population segment is thought to contain
the only anadromous form of bull trout in the coterminous United States.”

FR64; November 1, 1999

Bull Trout Life History

Bull trout are members of the char group of the salmon family. They have light-colored spots on a darker
background--the opposite pattern of trout and salmon. Bull trout have a large, flattened head and pale-yellow to
crimson body spots on an olive green to brown background. They lack teeth in the roof of their mouth.

Bull trout have more specific habitat requirements than most other salmonid species. Although bull trout are
found primarily in cold streams, occasionally these fish are found in larger, warmer river systems and may use
certain streams and rivers in the fall and winter when water temperatures have seasonally dropped. Because
bull trout inhabit side channels and the margins of streams, they are highly sensitive to flow patterns and chan-
nel structure. They need complex forms of cover such as large woody debris, undercut banks, boulders, and
pools to protect them from predators and to provide prey. Unlike chum and Chinook salmon, bull trout survive
to spawn year after year. Since many populations of bull trout migrate from their natal tributary streams to larger
water bodies such as rivers, lakes and saltwater, bull trout require two-way passage for repeat spawning as well

as foraging.

Spawning, Emergence, Rearing
and Migration

While some bull trout are migra-
tory, spending portions of their life
cycle in larger rivers, lakes or marine
waters before returning to smaller
streams to spawn, other bull trout
reside in a particular stream where
they complete their entire life cycle.
Migratory bull trout spawn in cold
upstream tributaries and rear there
for one to four years before migrat-
ing to a river, lake or estuary/near-
shore area. Resident bull trout are

Photo courtesy King County Department of Natural Resources & Parks.
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smaller than their migratory counterparts, with an

average size of six to twelve inches. Migratory bull
trout are typically 24 inches or more. The largest

bull trout ever verified was 32 Ibs., caught in Lake
Pend Oreille, Idaho in 1949.

Spawning occurs in the late summer and early
fall. Bull trout spawn in the low gradient sections
of high gradient streams with clean, loose gravel
and water temperatures of five to nine degrees
Celsius (41-48 F). Bull trout can use habitat that is
not available to Chinook because of their small size
and their ability to inhabit colder water. Depend-
ing on water temperature, egg incubation is 100
to 145 days. The fry emerge from gravel in early
April to May, depending on temperature and flow
conditions. After one to three years in an upper
watershed, migratory bull trout travel downstream,
usually in the spring months, where they enter a
larger body of water. Bull trout have a high degree
of fidelity to their natal streams and straying is rare.

While all bull trout are opportunistic eaters, feed-
ing on insects, macrozooplankton, and crayfish,
migratory bull trout are primarily “piscivorous”-they
prey mostly on juvenile trout, salmon and other
species of fish. Like other salmonids, the avail-
ability of food sources for newly hatched bull trout
is particularly important. An adequate food base is
critical to sustaining migratory bull trout in freshwa-
ter systems as well as saltwater forage areas.

Bull trout are repeat spawners, and may live 12
years or more, spawning annually or bi-annually
in headwater areas, and returning to larger rivers,
lakes or estuaries to forage. Repeat spawners are
extremely important to the long term persistence
of bull trout populations; they typically have greater
fecundity, and these survivors have multiple oppor-
tunities to contribute to the gene pool.

Migratory corridors which link the various habi-
tats at different seasons for all of the life history
stages are also essential to the persistence of bull
trout populations. Bull trout are thought to have
metapopulations, i.e. a network of local subpopula-
tions with an interchange of migration and gene
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flow. The alteration of habitat, primarily through the
construction of impoundments, dams and water
diversions, has fragmented habitats, eliminated
migratory corridors, and isolated bull trout local
populations.

Characteristics of Coastal/Puget Sound
Bull Trout

Although both resident and migratory forms of
bull trout are present in the Coastal/ Puget Sound
bull trout population segment, it is the only known
segment of bull trout in the United States that
includes the anadromous life history form (spawns
in freshwater, migrates to saltwater and returns to
freshwater to spawn). Technically, Coastal/Puget
Sound bull trout are “amphidromus”--unlike strict
anadromy, amphidromus individuals often return
seasonally to freshwater as sub-adults, sometimes
for several years, before returning to their natal
tributary to spawn. These sub-adult bull trout move
into marine waters and return to freshwater to take
advantage of seasonal forage opportunities to feed
on salmonid eggs, smolts or juveniles. Bull trout in
the Coastal/Puget Sound population segment also
move through the marine areas to gain access to
independent streams to forage or take refuge from
high flows.

Bull trout target a variety of estuarine and near-
shore marine forage fish such as sandlance, surf
smelt and herring, and depend on the persistence
of productive forage fish spawning beaches and
intertidal habitats such as eelgrass beds and large
woody debris. These populations can migrate
extensively while in the marine waters of Puget
Sound, the Strait of Juan de Fuca and the Pacific
Ocean; but there is currently no evidence that they
make long off-shore migrations similar to other
salmon.

Also unique to the Coastal/Puget Sound bull trout
population segment is the overlap in distribution
with Dolly Varden, another native char species. The
two species are genetically distinct, but very difficult
to differentiate visually. Within the Coastal/ Puget
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Bull Trout Core Areas

A “core area” represents the closest approxi-
mation of a biologically functioning unit for
bull trout. A core area is a combination of core
habitat (i.e. habitat with all necessary compo-
nents for spawning, rearing, foraging, migrating
and overwintering) and a core population. The
designation of core areas is an update from the
classification of sub-populations that was used
by the US Fish and Wildlife Service in the 1999
listing information (64FR 58910).

The term “local population” is similar to the
definition used by NMFS as a group of fish of
the same species that spawns in a particu-

lar lake or stream (or portion thereof) that is
reproductively isolated to a substantial degree.
USFWS defines a “potential local population
as a local population that likely exists but has
not been adequately documented, or that is
likely to develop through re-colonization follow-
ing habitat restoration.

”

Sound region, Dolly Varden tend to be isolated
populations located in tributaries above natural bar-
riers, while bull trout are found below the barriers.

Status of the Coastal/Puget Sound
Bull Trout Distinct Population
Segment

Although specific data on population abundance,
trends and spatial distribution is scarce, ample
information exists to indicate that the bull trout are
threatened. Population abundance and distribution
has declined within many individual river basins,
and habitat is severely fragmented in many in-
stances. Bull trout display a high degree of sensitiv-
ity to environmental disturbance and have been
significantly impacted by habitat degradation similar
to other listed and sensitive species. In addition
to migratory barriers, such as dams or diversion
structures which isolate populations, bull trout are
threatened by poor water quality, sedimentation,
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harvest and the introduction of non-native spe-
cies. Although several populations lie completely
or partially within national parks or wilderness
areas, these local populations are threatened by the
presence of introduced brook trout or from habitat
degradation outside of the park boundaries.

Based on biological and genetic information, the
US Fish and Wildlife Service has delineated two
management units in the Coastal/Puget Sound
population segment. Olympic Peninsula bull trout
populations are thought to differ from those in the
Puget Sound management unit, which originate in
watersheds on the western slopes of the Cascade
Mountains. Although the two units are connected
by marine waters, there is currently no evidence
that bull trout from Puget Sound migrate to the
Strait of Juan de Fuca or Hood Canal.

Olympic Peninsula Management Unit

The Olympic Peninsula Management unit in-
cludes all watersheds within the Olympic Peninsula
and the nearshore marine waters of the Pacific
Ocean, Strait of Juan de Fuca, and Hood Canal. Six
core areas are contained within this management
unit, with a total of 10 local populations and 2
potential local populations (Figure 2.14).

The six identified core areas all play a critical role
in the recovery of bull trout in the Olympic Penin-
sula Management Unit, and are vital to maintaining
the overall distribution of bull trout in the Coastal/
Puget Sound region. The Skokomish core area is
the only core area on the eastern portion of the
Olympic Peninsula and the only core area draining
into Hood Canal. Additionally, it is the only popula-
tion with long term monitoring data on abundance
trends and distribution within the Olympic Peninsu-
la Management Unit. Due to the low abundance of
local populations and the fragmentation of habitat
from dams, the Skokomish core area is considered
to be the most depressed core area within the
Olympic Peninsula management unit. The Dunge-
ness and Elwha are the only core areas connected
to the Strait of Juan de Fuca. Little is known about

PUGET SOUND SALMON RECOVERY PLAN
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Figure 2.13 Indicates where bull trout core areas overlap with the Puget Sound Chinook ESU. Hoh, Quinault, and Queets core areas are
located along the Pacific Coast of the Olympic Peninsula and are not included on this map.

spawning abundance or distribution within these
systems, but it is believed that most of the spawn-
ing and rearing habitat for the Elwha core area is in
the Olympic National Park. Of the Pacific coastal
streams, the Hoh has had the highest number of
observed redds, with 24 redds in 1998. This low
abundance is fewer than what is believed to be
necessary to reduce the risk from genetic inbreed-
ing. Due to the lack of information on bull trout
abundance and trends in all of the core areas other
than the Skokomish, the status of these areas is
classified as unknown.

SHARED STRATEGY FOR PUGET SOUND

Several independent tributaries (streams which
empty directly to saltwater) on the Olympic Pen-
insula are used by bull trout for forage and refuge,
but are not believed to support spawning popula-
tions. These tributaries include Bell, Morse, Ennis,
and Siebert Creeks in the Strait of Juan de Fuca;
Goodman, Cedar, Kalaloch, Steamboat, Mosquito,
and Joe Creeks, and the Raft, Moclips, and Copalis
Rivers on the coast; and Wishkah and Humptulips
Rivers in Grays Harbor. Snorkeling surveys con-
ducted as recently as the 1980’s in independent
tributaries to Hood Canal documented the pres-
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ence of bull trout in several rivers including the

Core Areas | -ocal and Potential | Information on Abundance, T unit is bounded by the
Local Populations Trends and Distribution Cascade Mountain crest
cokomich  Skokormich J on the east, the Kitsap
Skokomis 5. Fork Skokomis S. Fork Skok: <60 documented Depresse Peninsula on the west,
adults. .
N, Fork Skokomish L For Sk 00 and the Canadian bor-
- FOrK SKoi Approx . der to the north. The
documented adults; population ) o
Brown Creek declined 1993 to 2002 US Fish and Wildlife
(potential) Cushman darm has isolated and Service has identified
fragmented populations. eight core areas with
Middle Dungeness & | Multiple age classes have been 57 local populations
Dungeness | tribs. to river mile 24 documented in the middle Unknown and five potential local
Dungeness. ] )
Gray Wolf River , , populations (see Figure
Spawning has been documented in dditi
the Gray Wolf River. 2.15). In addition to
Elwha Limited information on abundance the core areas, impor-
Elwha or trends. Dams have isolated and | Unknown tant forage, migration
Little River (potential) fragmented Elwha population. and overwintering
Upper Hoh habitat are found in
Hoh S. Fork Hoh had 236 adults in Unknawn the Samish River, Lake
S. Fork Hoh 2002. The Hoh River appears to Washington system,
have the highest number of redds L C Ri
of Pacific coastal streams. OWEr Lreen KIVer,
N. Fork Quinault Lower Nisqually River;
Quinault _ The Quinault basin appears to Unknown howeve'r, NO Spawning
E. Fork Quinault support all life history forms of bull populations have cur-
trout. rently been detected in
Queets Queets Bull trout in the Queets River are
. th tems. Th
considered to be healthy by WDFW. Unknown €s¢ systems eoe

areas in addition to the
marine areas of Puget
Sound, are essential to

Quilcene, Dosewallips, Duckabush and Hamma
Hamma; however recent surveys by Olympic
National Park detected no bull trout in independent
tributaries to Hood Canal. Anadromous bull trout
usage of nearshore marine waters and estuaries
for migration, overwintering and foraging has been
confirmed throughout the Olympic Peninsula Man-
agement Unit.

Puget Sound Management Unit

The Puget Sound Management Unit encom-
passes all watersheds within the Puget Sound basin
and the Chilliwack River watershed, a transboundary
system flowing into British Columbia, Canada and
discharging into the Fraser River. The management
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the unique migratory requirements of anadromous
bull trout.

Each of the eight core areas is vital to maintain-
ing the overall distribution of bull trout within the
management unit. However, the Lower Skagit is
distinctive in its geographic size and population
abundance, making it central to the maintenance
of anadromous bull trout within the Puget Sound
Management Unit. Additionally, the Nooksack,
Stillaguamish, Snohomish-Skykomish, and Puyallup
core areas are critical for maintaining the distribu-
tion of the anadromous life history form. The Puy-
allup core area is the only major watershed in south
Puget Sound supporting a population.

Bull trout are present in nearly all of the water-
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sheds in Puget Sound where they historically oc-
curred, with the probable exception of the Nisqually
River where few observations are reported in the
recent past. Dolly Varden are confirmed only in the
Upper Skagit and Nooksack core areas.

Al life history forms are present within the Puget
Sound unit. Two naturally-occurring adfluvial popu-
lations (migrate to lakes) are present--the Chester
Morse Lake in the upper Cedar River, and Chilliwack
Lake in upper Chilliwack. Prior to the modification
of the Skagit system for hydroelectric production,
adfluvial forms are unknown, but there are now ad-
fluvial populations in Gorge, Diablo and Ross Lakes
in the Upper Skagit.

Generally, bull trout distribution has contracted
and abundance declined in the southern portion
of the Puget Sound Management Unit. Data on
abundance is limited throughout the unit. The US
Fish and Wildlife Service has evaluated the level
of risk from stochastic events for each of the core
areas (risk to continued survival of the populations
from floods, landslides and other events affecting
the population and its habitat), and their findings
are summarized in Figure 2.15.

Bull trout have declined due to many of the
same threats facing other listed salmonid species,
including habitat degradation and fragmentation,
blockage of migratory corridors, poor water quality
and past fisheries management. They are particu-
larly vulnerable to activities that warm their spawn-
ing and rearing waters, and have been heavily
impacted by the introduction of non-native species
such as brown, lake and brook trout. Although bull
trout occur over a large geographic area, many of
the populations are small and isolated from each
other, making them more susceptible to local ex-
tinctions. Threats for each core area are described
in the draft Coastal/Puget Sound Bull Trout Recov-
ery Plan (USFWS, 2004).

SHARED STRATEGY FOR PUGET SOUND

Evaluation of Risk to
Bull Trout Populations
in the Puget Sound Unit

In general, populations were considered to be
at “diminished risk of adverse effects” by
the USFWS where spawning populations are nu-
merous and well distributed, abundance is high
enough to avoid genetic drift, and a migratory
life form was present and had connectivity with
other local populations.

Populations at “intermediate risk™ generally
have low numbers of local populations, and
spawning areas are few and not widespread.
Another criterion was the presence of a migra-
tory life form in at least some local populations
with a partial ability to connect with other local
populations.

Those populations with low levels of abun-
dance, few known spawning areas, and/or
where a migratory life form was absent from
the local population, or was present and lacked
connectivity, were considered to be at an
“increased level of risk.”
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Core Areas

Local and Potential
Local Populations

Information on Abundance,
Trends and Distribution

Risk from
Stochastic Events

Chilliwack

Little Chilliwack River

Upper Chilliwack River

Selesia Creek (British Columbia & US)

Depot Creek (BC & US)

Airplane Creek (BC)

Borden Creek (BC)

Centre Creek (BC)

Foley Creek (BC)

Nesakwatch Creek (BC)

Paleface Creek (BC)

Chilliwack Lake is an important source of rearing
and forage for most local populations.

Intermediate risk if only
the US populations are
considered.

Diminished risk if both
US and Canadian
populations are
considered.

Nooksack

Lower Canyon Creek

Glacier Creek

Lower Middle Fork Nooksack R

Upper MF Nooksack River

Lower North Fork Nooksack R

Middle NF Nooksack River

Upper NF Nooksack River

Upper South Fork Nooksack R

Lower SF Nooksack River

Wanlick Creek

Spawning occurs in all three forks of the Nooksack
River and its tributaries.

Fewer than 1000 spawners; most local
populations have less than 100 adults.

Intermediate Risk

Lower Skagit

Bacon Creek

Baker Lake

Buck Creek

Cascade River

South Fork Cascade River

Downey Creek

Goodell Creek

Illabot Creek

Lime Creek

Milk Creek

Newhalem Creek

Forks of Sauk River

Upper South Fork Sauk River

Straight Creek

Upper Suiattle River

Sulphus Creek

Tenas Creek

Lower White Chuck River

Upper White Chuck River

Sulphur Creek -Lake Shannon (potential
local population)

Stetattle Creek-Gorge Lake
(potential local population)

Bull trout are known to spawn and rear in at least
19 streams/ stream complexes.

This core area supports a spawning population of
migrating bull trout numbering in the thousands.

Connectivity and diversity of habitats are excellent
except portions modified by dams.

High abundance of pink salmon for forage.

Diminished Risk

Upper Skagit

Big Beaver Creek

Little Beaver Creek

Lightning Creek

Panther Creek

Pierce Creek

Ruby Creek

Silver Creek

Thunder Creek (Diablo Lake)

Deer Creek (Diablo Lake)
(potential local population)

Skagit River (BC)

East Fork Skagit River (BC)

Klesilkwa River (BC)

Nepopekum Creek (BC)

Skaist River (BC)

Sumallo River (BC)

Populations are well distributed.

British Columbia portion presumed healthy; status
is generally unknown.

2 areas of concern due to lack of connectivity:
Diablo Lake and Gorge Lake.

Intermediate risk if only
the US populations are
considered.

Diminished risk if both
US and Canadian
populations are
considered.

Stillaguamish

Upper Deer Creek

South Fork Canyon Creek

North Fork Stillaguamish River

South Fork Stillaguamish River

Few known spawning areas.

Fewer than 1000 spawners; most local
populations have less than 100 adults.

Snorkel surveys have found greater than 100
adults in the North Fork Stillaguamish R.

Increased risk
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Local and Potential

Information on Abundance,

Risk from

South Fork Skykomish River

Salmon Creek

Troublesome Creek
(primarily a resident population)

System has no lakes. Large portion of migratory
segment are anadromous.

North Fork Sky considered healthy by WDFW with
470-650 individuals on average, based on redd
counts.

South Fork Sky considered healthy by WDFW
due to increasing numbers, and recolonization is
occurring.

ore Areas 7 EY— q
¢ Local Populations Trends and Distribution Stochastic Events
North Fork Skykomish River Area has few known spawning areas and total
Snohomish- number of adult spawners is 500-1000.
Skykomish Increased risk

Chester Morse Boulder Creek

Area has few known spawning areas.

Greenwater River

Upper Puyallup and Mowich Rivers

Upper White River

West Fork White River

Clearwater River (potential local
population)

Known spawning areas are few and not
widespread.

Area has a low number of local populations.

Portions within the National Park and wilderness
area provide pristine habitat.

Lake Surveys in 2000-2002 documented 236-504 Increased risk
redds, with estimated 500-1000 spawners.
Upper Cedar River
Upper Cedar River and Rex River are the primary
local populations in this core area. Upper Cedar
Rex River River is the only known self-sustaining population
in the Lake WA basin.
Rack Creek
Shotgun Creek (potential local
population)
Fewer than 1000 spawners; most local
Carbon River populations have less than 100 adults.
Puyallup

Intermediate risk
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Habitat Factors Affecting Puget Sound Chinook Salmon
and Bull Trout

"Puget Sound is like a large water bucket, full of habitat and life. Habitat losses are the
holes in the bucket, and many small holes can eventually drain it. Restoration is the
process of plugging the holes while protection is to prevent new holes from being formed,
allowing the bucket to fill once again through natural processes.”

Jacques White, The Nature Conservancy

Puget Sound settlers and tribes in the 19th Century were so accustomed to the abundance of salmon that
shortages were unthinkable. Salmon had been a constant and reliable part of the tribal diet for millennia, and
were an important source of sustenance for pioneer families. In 1870, the human population of the entire state
numbered less than 24,000, and hundreds of thousands of Chinook salmon returned to Puget Sound rivers. To-
day these numbers have dramatically reversed. In addition to salmon and other marine resources, early settlers
found vast stands of virgin timber, fertile river deltas suitable for agriculture, and numerous bays ideally situated
for shipping and commerce. As the face of the Puget Sound landscape changed, so too did the processes that
formed and sustained the habitat for salmon.

Numerous reports document the decline of salmon abundance on the west coast of the United States as a
result of loss, damage or change in their natural environment. Early logging practices removed the backbone of
the watersheds that had been formed by old-growth riparian forests, stripping off shade, protective cover and
food supplies for the salmon. Access to important spawning and rearing areas was eliminated as a result of
dams, culverts and other barriers. Other important areas for incubation and forage have vanished due to the
placement of dikes, fill or structures in riparian zones and estuaries. Patches of habitat have become so frag-
mented that they are no longer usable by salmon as they move through their life cycle in time and space.

Scientists distinguish between the outright loss of habitat quantity and the loss of ecosystem processes that
once served to form and rebuild the variety of habitat structures salmon depend on. The amount of habitat that
is usable by salmon is a fraction of what was once present in Puget Sound, and the ability of salmon to recover
to sustainable and harvestable levels depends directly on an increase in the quantity of available habitat of suf-
ficient quality. Additionally, effective recovery strategies must focus on restoring the ecosystem processes that
build salmon-friendly rivers and estuaries so they will sustain salmon and other ecosystem functions in the long
term. Although every restoration project helps, piecemeal actions that are largely “random acts of kindness” for
salmon will not achieve long term recovery in the same way as the restoration of fundamental ecosystem func-
tions in the watersheds and estuaries.

Habitat impairments affecting Chinook salmon and bull trout in Puget Sound have been described generically
and locally in numerous scientific publications as well as the watershed chapters (see box on next page), thus
an exhaustive list and description is not provided in this chapter. The first section provides an overview of the
changes in the Puget Sound landscape over the last 100 years and a sample of the changes and impacts in
specific watersheds around the region. The following section briefly discusses the relationship of land use
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activities to the habitat forming processes upon
which salmon depend and describes the technical
studies of habitat available for Puget Sound water-
sheds. The statutory framework and other conser-
vation activities in Washington are discussed later.

Puget Sound Land Use History
and Habitat Change

When Captain George Vancouver sailed into the
soft grey fog of Puget Sound waters in 1792, an
estimated 50,000 Indians lived in scattered villages
near most of the river mouths. The Puget Sound
tribes were experts at gathering food from the
teeming waters of area rivers and bays, and trav-
eled seasonally through well-defined local territo-
ries for fishing, hunting and gathering. Fur traders
and missionaries soon followed Vancouver and
other explorers, putting the region on a trajectory
of increasing population growth and accelerated
landscape change.

Timber Harvest

Coastal Indians utilized the forest to construct
cedar plank longhouses, canoes, weapons, uten-
sils, ceremonial objects and cedar bark clothing.
The huge trees formed the structure for salmon
and bull trout habitat in Puget Sound watersheds.
Interlocking root systems stabilized streambanks
and retained soil. As trees fell into the rivers,
pools and logjams formed, creating cover and low
velocity areas where salmon could rest. Massive
logjams moderated water velocity and interrupted
the transport of sediment, providing ample areas
suitable for spawning. Temperatures were kept
cool by the dense shade, and insect production
was high, thus salmon emerging from their redds
(nests) found plenty to eat. Salmon thrived on the
slowly but constantly changing environment, where
pools and spawning areas could shift and re-form
as wood, water and soil moved downstream. The
large trees and rootwads washing down from the
upper watersheds continued to provide structure
and cover along the saltwater shore zones of Puget

SHARED STRATEGY FOR PUGET SOUND

Key documents which describe the
factors that have led to the decline
of Chinook, bull trout and other
species of salmon include:

General information on habitat impacts
to salmon:

« “Upstream: Salmon and Society in the Pacific
Northwest” (National Research Council,
1996)

* “An Ecosystem Approach to Salmon Conserva-
tion” by Management Technology. (Spence,
et al., 1996)

* “Factors for Decline: A Supplement to the
Notice of Determination for West Coast
Steelhead” (NMFS, 1996)

* “Factors Contributing to the Decline of West
Coast Chinook Salmon: An Addendum to
the 1996 West Coast Steelhead Factors for
Decline Report” (NMFS, 1998)

Information on habitat conditions specific
to Puget Sound and local watershed areas:

* “Salmon and Steelhead Habitat Limiting
Factors” reports for each Water Resource
Inventory Area in Washington State
(Washington State Conservation Commis-
sion, 1998-2004 depending on WRIA)

» “State of Our Watersheds Report: WRIAs 1-23
(Salmon and Steelhead Habitat Inventory
and Assessment Program, Northwest Indian
Fisheries Commission, 2004)

« “Draft Recovery Plan for the Coastal-Puget
Sound Distinct Population Segment of Bull
Trout—Olympic Peninsula and Puget Sound
Management Units” (USFWS, 2004)

« “State of the Sound 2004"” and previous
reports of the Puget Sound Action Team

* See also, watershed chapters.
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Photo courtesy the Washington State Salmon Recovery Funding Board.

Sound as well, protecting the migrating salmon as
they moved through the saltwater.

“Perhaps no other structural component of the
environment is as important to salmon habitat
as is large woody debris, particularly in coastal
watersheds.”

(National Research Council, 1996)

The stands of ancient forest remained largely
untouched until the 1840's when small mills were
constructed to supply building materials for local
settlers. The arrival of the trans-continental railroad
in the 1870’s also brought tough and energetic
lumbermen, who greatly accelerated the harvest of
trees, and marketed them to the growing popula-
tion in the East. Enormous tracts of timberland
were purchased from the railroad companies, and
large mills were constructed throughout Puget
Sound ports and railroad terminuses, dumping
unprecedented amounts of concentrated nutrients
into Puget Sound waters from the production of
lumber, pulp and paper.

The most accessible timber was that located
along the Puget Sound river systems, and riparian
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stands in lowland areas were
soon liquidated and floated
downstream, removing the
shade, cover and food sup-
ply for salmon. A common
practice was that of “splash-
damming” On many rivers
and streams, small temporary
dams were built. Thousands
of logs were stored behind
these dams, and when the
timing was right, the dam

was destroyed with care-

fully placed dynamite charges,
sending a wall of water and
wood down the channel
towards the waiting mills.
Miles of salmon habitat were
scoured to bedrock by these
manmade floods. As Puget Sound residents started
to experience the effects of erosion and flooding
from poor early timber practices, the industry began
to improve harvest methods and protect environ-
mental functions. Many upland areas remained
relatively unharmed or were allowed to re-grow and
heal, but the long lasting effects from permanent
removal of the forest canopy in some locations,
loss of the structure provided by massive old-

Timber harvest impacts are not
limited to private timberlands.

* 5,451 miles of road development occurs in
the Olympic and Mt. Baker-Snoqualmie Na-
tional Forest land surrounding Puget Sound

* A majority of stream crossings in the na-
tional forest road system in the Pacific North-
west cannot tolerate more than a 25-year flow
event without the failure of culverts and other
structures associated with the road system.

(Report from the Federal Ecosystem Management and As-

sessment Team; part of the Northwest Forest Plan.)
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growth trees along rivers and shorelines, and the
erosion from the construction and failure of logging
roads continue to degrade aquatic habitat.

Agriculture

The broad, flat river deltas at the mouths of most
large Puget Sound rivers attracted settlers anxious
to secure a land base and supply farm products to
the growing towns. By 1900 the basic farming pat-
terns in western Washington had been established
for the next century. Vegetables, bulbs, hops and
berries were largely grown in the fertile river deltas,
while dairy farming took hold in the foothills near
large cities and towns. The expansion of farmland
resulted in the removal of streamside vegetation
and elevated water temperatures, which reached
lethal levels for salmon in some tributaries. Salmon
were further impacted by chemical and nutrient
fertilizers and fine sediments from farm runoff.

Lowland deltas underwent further modification
by agricultural workers who were able to expand
their land base and improve crop growth by diking,
draining and filling wetland areas and tidal marsh-

es. The loss of these crucial estuarine sloughs
and marsh areas for juvenile salmon, needed for
their physiological adjustment to saltwater, had a
profound effect on the survival of salmon. Recent
studies of the Skagit River delta, for example, have
estimated that 72% of intertidal and estuarine
marsh habitat has been lost, coinciding with the
modification of the basin for agriculture and other
land uses. Skagit system studies further indicate
that the quantity of certain types of delta habitat
may have a major effect on juvenile Chinook pro-
ductivity (Beamer, et al., 2004).

Low flows related to water withdrawals for agricul-
tural irrigation have further stressed both adult and
juvenile salmon. In some rivers, water rights were
granted to remove instream flows as early as 1896.
In the Dungeness watershed alone, over 100 miles
of irrigation canals and ditches legally diverted the
bulk of the river's flow in the late summer-the peak
spawning season for Chinook salmon. Prior to
the 1960's, the irrigation outtakes from the river
were largely unscreened, and juvenile salmon were
lost in the maze of ditches and laterals that wan-

Photo by Dan Kowalski.
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dered through the fields. The irrigation system in the remove in order to restore habitat features.
Dungeness is largely unique to western Washington,
but water withdrawals from surface and groundwater
sources are used to water crops in several major river
basins of Puget Sound.

Water quality problems have been experienced in
several watersheds with high proportions of agricul- Aaron Reardon, Snohomish County Executive

“Farmers in Snohomish County look toward
seven generations, but it's hard to see what will
happen in the next seven years.”

tural land use. In the Nooksack basin, water tempera-

tures reaching the threshold of mortality to salmon Urbanization
have been documented in several tributaries, along
with high levels of nitrogen, phosphorous and fine
sediments. Several Nooksack tributary streams are
included on the list of impaired water bodies under
Section 303(d) of the Clean Water Act for warm water
temperatures, fine sediments, fecal coliform levels,
chemical contamination and low instream flows
(WCC, 2002). These problems are not the sole result
of agricultural practices, as urban runoff, wastewater
treatment and other inputs add to the
MiXx.

Early explorers to Puget Sound immediately
recognized the region’s geographic potential for
commerce and trade, and the ideal configuration of
protected harbors with year-round access. Proxim-
ity to timber resources also promoted major ship-
building centers, which occurred in Port Townsend,
Tacoma, Everett, Bellingham, Olympia and Seattle.
However it was the Alaska Gold Rush of 1897 to

Farming practices in the second half
of the 20th century incorporated les-
sons learned from the Great Depression
and dust bowl years. National initiatives
were implemented to form soil and water
conservation districts, and similar efforts
were organized in Puget Sound to help
control erosion and chemical contamina-
tion from agriculture. “Best management
practices” for farming were developed
and are continually being refined, but the
extent of implementation of these prac-
tices still varies widely around Puget Sound. Many
individual farmers are avid fishermen themselves, and
have worked toward the improvement of water quality
and quantity in their farming practices, but the cost of
these improvements often limits what they can do.
Farmers presently struggle to retain economic viability
in the face of competitive markets, escalating land
values and urban/suburban development pressures.
The greatest restoration potential for salmon habitat
today probably occurs on these agricultural parcels of
land, which still have no pavement or other extensive
infrastructure which would be costly to modify or

1903 which made Seattle into the largest city and
seaport in the Pacific Northwest. The miners used
the port to purchase supplies and ship them north,
and shipped the gold back to determine its value.
Returning miners spent their millions in the Puget
Sound economy and often settled in the Seattle
area. Between 1900 and 1910 the population of
Seattle grew from 81,000 to 237,000 (Lambert,
2001).

Although the urbanization of Puget Sound slowed
somewhat during the Great Depression, the advent
of World War Il and the growth of the aviation
industry once again caused the population to soar.
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Figure 3.1 indicates the amount and location of impervious surface in the Puget Sound region.
Map courtesy the Puget Sound Action Team
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Today the cities of Seattle, Everett and Tacoma form
a metropolitan area of over three million people
along the Interstate 5 corridor. Suburbs and small
cities have rapidly filled in the spaces in between,
and a complex human-constructed network of
roads, bridges, and utilities provide residents with
transportation corridors, power, water supply and
waste disposal. This system of urban infrastructure
has largely displaced the natural network which
once sustained salmon habitat throughout the
freshwater and nearshore areas of Puget Sound.

Streams in heavily urbanized areas have lost
much of their complexity and riparian vegetation.
For example, Thornton Creek in the Seattle area
lost all of its wetlands and 60% of its open channel
network during 100 years of development. The re-
maining stream system is heavily armored with rock
and concrete along its banks, has extensive culverts
and pipes, and little native vegetation remains. De-
spite heavy outplants of salmon into the creek for
many years, only a handful of returning adults have
been observed in recent years.

When watersheds are urbanized, problems may
result simply because structures are placed in the
path of natural runoff processes. In almost every
point that urbanization activity touches the water-
shed, sources of pollution occur. Water infiltration is
reduced due to an increase in impervious surfaces.
As a result, runoff from the watershed is flashier,
with increased flood hazard. Flood control and land
drainage schemes may concentrate runoff, result-
ing in increased bank erosion, eventually causing
widening and downcutting of the stream channel.
Sediments washed from the urban areas contain
trace metals such as copper, cadmium, zinc, and
lead. These together with pesticides, herbicides,
fertilizers, gasoline and other petroleum products,
contaminate drainage waters and harm aquatic life
necessary for salmon survival (FR 62, 5/6/97).

Wastewater treatment plants contribute additional
metals and contaminants such as ammonia, chlo-
ride, aluminum, boron, iron, manganese, oil/grease,
PCBs and other toxic substances.
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“As cities around the Sound grew and prospered,
human activities left chemical contaminants buried
in the sediments. Pulp mills, chemical facto-
ries, smelters, shipyards, oil refineries, and other
industries dumped byproducts into the Sound
for years before federal and state governments
placed controls on such discharges. Most of the
contaminated sediments of Puget Sound are found
in the nearshore areas of urban bays near Seattle,
Tacoma, Bremerton, Everett and other major cities.”
(Puget Sound Action Team, 2004).

A 1997 study by NOAA and the Washington De-
partment of Ecology indicated that 400,000 acres
of the areas tested for sediment in Puget Sound are
clean. However, 5,700 acres are highly degraded,
and sediments of intermediate quality cover
179,000 acres. This represents an improvement
from the 1970's when contaminant levels peaked.
The Puget Sound Action Team has indicated that
much of the contamination still present in the mud
came from historic activities that are now outlawed
or controlled by state and federal laws.

Much of the urbanized area in Puget Sound is
concentrated near the mouths of rivers and along
estuarine shorelines, coinciding with important and
sensitive habitat required by salmon. Urban leaders
face challenges accommodating the anticipated
growth of the region without exacerbating existing
habitat deficiencies.

“Our watershed is keenly aware that we have
the biggest population center, and the largest
recovery challenge.”

Jim Compton, Seattle City Councilman
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Photo by Dan Kowalski

Nearshore, Estuary and Marine Habitat

Modification

An 1885 survey estimated that there were 267
square kilometers of tidal marsh and swamps
bordering Puget Sound. Tidelands extended 20 km

inland from the shoreline in the Skagit
and Stillaguamish watersheds. Approxi-
mately 100 years later, only 54.6 km2
of intertidal marine or vegetated habitat
is estimated to occur in the Puget
Sound basin. This represents a decline
of 80 percent across the region due to
agricultural and urban modification of
the lowland landscape (NMFS/Chum
BRT, 1997). In heavily industrialized
watersheds, such as the Duwamish,
intertidal habitat has been eliminated by
98 percent, (Figure 3.2).

In addition to the high-intensity
industrial and urban development at
major river mouths in Puget Sound,

SHARED STRATEGY FOR PUGET SOUND

intertidal and nearshore habitats throughout the
Sound have been modified by shoreline armor-
ing (e.g. construction of rock, concrete, and timber
bulkheads or retaining walls). These modifica-
tions have a cumulative environmental impact that

Estuary Area (ha) Change (%)
Pre-development | Amount in 1970's

Nooksack 445 460 +3
Lummi 580 30 -95
Samish 190 40 -79
Skagit* 1600 1200 -25
Stillaguamish 300 360 +20
Snohomish 3900 1000 -74
Duwamish 260 4 -98
Puyallup 1000 50 -95
Nisqually 570 410 -28
Skokomish 210 140 -33
Dungeness 50 50 0

*More recent and more encompassing studies of the large scale habitat changes in the Skagit Delta
indicate a loss of riverine tidal and estuarine habitat of 72% (Beamer et al., 2003).

CHAPTER 3 — PAGE 73



Figure 3.3 indicates Nearshore areas throughout the Puget Sound region that are known forage fish spawning beaches. Forage
fish are an important food source for salmon. Map courtesy of the Puget Sound Action Team.
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N Bulkheads

20 Kilometers

Diking and Floodplain
Modification

Extensive dredging, diking and filling
for flood control and development
beginning in the early 1900s eliminated
and degraded miles of salmon habi-
tat. One area hard hit by major flood-
plain modification was in south Puget
Sound where, “The Puyallup, White and
Carbon Rivers are all contained within
a revetment and levee system for their
lower 26, 8 and 5 miles respectively.
These channel containment structures
have removed the natural sinuosity of
the rivers and the spawning and rear-
ing habitats that were once present”
(South Sound Salmon Recovery Chap-
ter). Dikes, levees, and channelization
beginning in 1906 reduced the length
of the Puyallup River from its mouth to
the confluence with the White River by
1.84 miles, a loss of almost 15% of its
channel length in that section alone.
Levee structures eliminated connec-
tions with side-channel and off-chan-

Miles

Figure 3.4 shows the distribution of bulkheads throughout the Hood Canal.
Map courtesy the Northwest Indian Fisheries Commission, and the Salmon and

Steelhead Habitat Inventory and Assessment Program, (SSHIAP).

results in loss of riparian vegetation, obstruction of
sediment movement along the shoreline, interfer-
ence with wave action, and burial of upper beach
areas. Although upper beach areas are not utilized
directly by salmon, they are egg-laying grounds for
species of smaller forage fish that salmon depend
on. A 1994 inventory of armoring along Bainbridge
Island indicated that between 42% and 67% of the
entire shoreline had been armored (NMFS/Chum
BRT, 1997). A recent inventory of bulkheads in
Hood Canal conducted by the Point No Point Treaty
Council demonstrated large clusters of bulkheads
throughout the Canal (figure 3.4).

SHARED STRATEGY FOR PUGET SOUND

nel habitat. Although juvenile Chinook
fry would once have been present in
high numbers in the lower river and its
distributaries, the modifications of the
floodplain have increased water velocities, making
it difficult for juveniles to maintain their position or
defend territories. Spawning activity throughout

Cherry Creek, King County. Dikes separate rivers from their
historic side channels, wetlands, and floodplains. Photo courtesy
the Washington State Salmon Recovery Funding Board.
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Modifications and threats to the function of the Puget Sound nearshore
and marine environments for salmon include:

339 of Puget Sound Shorelines have been modified
with bulkheads or other armoring.

73% of the wetlands in major deltas of Puget Sound
rivers have been lost in the last 100 years.

Number of piers and docks in Puget Sound: 3,500
Number of small boat slips: 29,000
Number of large ship slips: 700

Before 1900, 4,000 acres of tidal marshes and mudflats
once existed where Harbor Island and the East and
West Waterways now stand in Elliott Bay, Seattle.

290 “pocket estuaries” formed by small independent
streams and drainages have been identified to occur
throughout Puget Sound; of these 75 are stressed by
urbanization.

40+ aquatic nuisance species currently infest Puget
Sound. In 2003, Spartina species infested 770 solid
acres of Puget Sound.

972 municipal and industrial wastewater discharges
into the Puget Sound Basin are permitted by the Wash-
ington Department of Ecology. 180 permit holders
had specific permission to discharge metals, including
mercury and copper. Over 1 million pounds of chemi-
cals were discharged to Puget Sound in 2000 by the
20 industrial facilities that reported their releases to the
Environmental Protection Agency.

An estimated 500,000 on-site sewage systems are
estimated to occur in the Puget Sound basin.

16 major (> 10,000 gallons) spills of oil and hazardous
materials occurred in Puget Sound between 1985 and
2001. 191 smaller spills occurred from 1993 to 2001,
releasing a total of more than 70,000 gallons.

More than 2,800 acres of Puget Sound’s bottom sedi-
ments are contaminated to the extent that cleanup is
warranted.

Sources for these figures, along with information on the relationship of

these threats to salmon, are included in the Nearshore Chapter.
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the diked portions of the river is limited, and water
velocities scour pockets of eggs. The Puyallup ba-
sin represents one of the more extreme examples
of floodplain modification in the region, but dikes,

channelization and bank armoring are widespread

throughout Puget Sound.

Water Diversions and Hydroelectric
Development

The growth of towns and industries along Puget
Sound created the need for water supply and pow-
er to municipal and industrial facilities. The steep
drop from the Cascade and Olympic Mountains to
sea level in the Puget Sound basin was ideal for the
development of dams to impound water supplies
and generate hydroelectric power.

Within the Puget Sound

population of Chinook salmon in Lake Cushman,
creating a resident population. Passage at Chitten-
don Locks (Lake Washington) also poses a barrier
problem for downstream juvenile Chinook salmon
migrants and bull trout.

In addition to the major dams, blockages for
water diversion, hatchery water supply, and small
hydro development occur on several tributary
streams throughout the Sound. While many of
these tributary barriers may not block access for
Chinook spawning and rearing specifically, they still
generate downstream impacts to mainstem river
areas by interrupting flow and sediment transport,
large woody debris recruitment and transport, nutri-
ent supply, and elevating temperatures.

Physical barriers also alter streamflow which

region, several major dams
block access to historic Chinook
salmon spawning and rearing
habitat as follows:

Elwha River:
Elwha and Clines
Canyon Dams
Green River:
Howard Hansen Dam
Puyallup River:
Electron Dam

White River:

N\

Mud Mountain Dam A

Cedar River:

Cedar Falls Dam
Skagit River:

Gorge Falls Dam
Baker River;

Baker Dam

North Fork Skokomish River:
Cushman Dam

Nooksack River:
Middle Fork

Diversion Dam
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Puget Sound Salmon Recovery Region

Major Dams Blocking Access to Historic Chinook
Salmon Spawning and rearing Habitat
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Howard Hansen Dam

The construction of the Cush-
man Dam may have isolated a
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increases salmon mortality in several ways — migra-
tion can be delayed by insufficient flows or habitat
blockages; loss of usable habitat due to dewatering;
stranding of fish resulting from rapid flow fluctua-
tions; and juvenile fish becoming entrained from
high velocity waters at poorly screened diversions.
Reduced flows also diminish fish habitat by
decreasing recruitment of new spawning gravels,
and allowing the encroachment of non-native
vegetation into spawning and rearing areas.

The Story of the Elwha River

Dams have also been cited as a major factor
affecting bull trout in the Olympic Peninsula and
Puget Sound management units. In addition to
downstream habitat damage, barriers limit the inter-
action of populations in core areas, reducing long
term genetic viability and eliminating life history
forms. Bull trout that migrate downstream of dams
without return fish passage are unable to return
and contribute to the upstream population. Dams
in several locations have formed migratory barriers

The Chinook salmon of the Elwha River were well known throughout the Northwest;
the rugged canyons and wild waters rushing down from the Olympic Mountains had
isolated a race of genetic giants among salmon, commonly weighing over 75-100
pounds. Early settlers envisioned the transformation of the river's energy into power
for operating the mills in the nearby city of Port Angeles. Despite laws that prohibited
the total blockage of the stream channel, a loophole in the law around 1915 allowed
dams to be constructed without fishways, so long as hatcheries were built in lieu

of fish ladders (Lichatowich, 1999). In the early years following the construction of
the dam, thousands of Chinook returned from sea and beat themselves against the
concrete wall in an effort to return to their natal spawning grounds. Descendants of
the original population have con-
tinued to spawn in the few miles
left to them, and have been used
as hatchery broodstock. Plans

to remove the two dams on the
Elwha River and allow Chinook to
return to pristine spawning grounds
still remaining above the dams

in Olympic National Park are well
along, and removal is set to begin
in 2008.

“A lot of our tribal elders have passed on that put up the fight to get the dams removed. It's going to be
a very emotional time when they start taking them down.”

Dennis Sullivan, Lower Elwha S’Klallam Tribal Chairman
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and isolated populations that were once connected,
such as those in the Middle Fork Nooksack, upper
and lower Skagit, Puyallup, Elwha, Skokomish and
White Rivers. Although information on historic use
of upper watersheds by bull trout is incomplete in
many locations, it is thought that diversion dams,
hydroelectric facilities and pipeline crossings have
formed migratory barriers in the Nisqually and
lower Green Rivers (USFWS, 2004).

“The Sound might have absorbed some envi-
ronmental impact 100 years ago, but we have
pushed our Puget Sound ecosystem to the limit”

Christine Gregoire, Governor

Habitat Factors Limiting
Salmon Production

None of the pioneers and their followers who
were drawn to Puget Sound to farm, produce lum-
ber, or build communities and jobs came with the
intent of destroying salmon, but incrementally and
collectively these activities degraded the habitat and
caused long term declines in fish abundance, pro-
ductivity, spatial distribution and diversity. Some of
the change was obvious to the naked eye, as trees
were removed, dams built and areas paved. Other
changes that affected stream temperatures, water
chemistry and the food web for salmon were more
insidious. Despite the change, salmon continued
to return for generation after generation, but in the
late 20th century the collective impacts exceeded
their capacity to continually perpetuate themselves.

Loss of Habitat-Forming Processes

Salmon depend on habitat variety to find food
and avoid predators — the suite of pools, riffles,
boulders, logjams, side channels, wetlands and
other features of their rivers; and the saltwater
sloughs, marshes, eelgrass and kelp beds in the
marine environment. The simplification of habitat
features caused by vegetation removal and con-
struction along streambanks and shorelines has had

SHARED STRATEGY FOR PUGET SOUND

a pervasive and cumulative effect. The structural
diversity that enabled salmon to thrive was built
over centuries by the complex interaction of light,
water, soil, vegetation and nutrient cycles. Salmon
evolved to stream conditions that had cyclical dis-
turbances varying by days, decades and centuries.
Human activities modified these constant cycles of
change by increasing the frequency of disturbance,
altering the magnitude of disruption, and affecting
the ability of the stream channel to respond.

Most devastating to the long term viability of
salmon has been the modification of the funda-
mental natural processes which allowed habitat to
form, and recover from disturbances such as floods,
landslides, and droughts. So critical are these
driving processes that Spence et al. (1996) state
that “ ...salmonid conservation can be achieved
only by maintaining and restoring these processes
and their natural rates” Among the physical and
chemical processes basic to habitat formation
and salmon persistence are floods and droughts,
sediment transport, heat and light, nutrient cycling,
water chemistry, woody debris recruitment and
floodplain structure. Important biological processes
that depend on habitat dynamics include migration,
adaptation, the complex energy transfers of the
food chain, and the metabolism of the fish.

Vegetation removal has also altered the hydro-
logic system in many watersheds, affecting the wa-
tershed's retention of moisture and increasing the
magnitude and frequency of peak and low flows.
Wetlands play an important role in hydrologic
processes, as they store water which ameliorates
high and low flows. The interchange of surface
and groundwater in complex stream and wetland
systems helps to moderate stream temperatures.
Forest wetlands are estimated to have diminished
by one-third in Washington State. (Spence et al,,
1996; FEMAT, 1993)

Despite the improvement in timber practices,
many long lasting effects from timber harvest con-
tinue to degrade aquatic habitat. Surface erosion
and slope failure from logging roads are an ongoing
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Habitat-Forming Processes

and industrial
supplies deplete
instream flow.

its moderating
effects on stream
temperatures.

Forestry Timber harvest Vegetation Summer stream Mass failures Vegetation Use of Timber harvest
removes the removal alters temperatures may result from removal leads fertilizers removes the
forest canopy, the water storage | are documented road construction to a loss or herbicides, large woody
changes the capability of to increase by or vegetation reduction of pesticides and debris that
composition of | the watershed, 3-8°C following removal on the nutrient other chemicals | provides
tree species, changes the clearcutting and unstable slopes. supply and alters water structure for
and modifies timing of runoff, up to 16°Ciin Surface erosion changes the chemistry stream channel
the type and and may increase | small watersheds, | from bare soil normal rate of | and some features such
rate of input the magnitude and may take also changes the decomposition | substances are | as pools and
of leaves and and frequency many years to rate of soll input and input of toxic to salmon, | riffles.
other organic of peak flows recover. High to a river system. nutrients. resulting in
matter into and low flows. temperatures Soil compaction direct mortality,
streams, Peak flows may stress salmon results from reducing
thereby scour redds and and in extreme equipment use resistance
affecting the cause mortality cases can cause during harvest. to disease,
food supply for | to juveniles. mortality. Soil transfer alters or ability to
salmon. Low flows limit availability of reproduce.

spawning and spawning gravel.

migration. Fine sediments
can severely
impact eggs and
juveniles.

Agriculture Conversion Forest clearing Loss of shade Agricultural crop Runoff from Use of To create and
of woodlands alters soil along riparian practices may animal waste fertilizers, protect agric.
and wetlands retention of corridor increase and other herbicides lands, stream
removes water, which increases stream surface erosion farm activities and pesticides channels
riparian is further temperatures as with substantial increases the alter the water have been
vegetation. exacerbated by do return flows sediment input nutrient load chemistry straightened

ditching and from irrigation. into streams. and depletes and may and banks have
draining to create | Low flows, the oxygen result in direct been armored
crop lands. sedimentation available for mortalities or removing low
Runoff timing and nutrient salmon the alteration velocity side
and patterns are input further of physical channels.
altered. Irrigation | exacerbate condition of Diking of
directly removes temperature salmon. estuarine
instream flows, problems. sloughs has
affecting the removed the
availabiﬁty of quantity and
spawning and quality of lower
rearing habitat. river rearing
habitat.

Urbanization | Severe, Impermeable Loss of shade Construction Loss of leaf Stormwater Permanent
permanent surfaces create increases activities create matter from runoff includes | severe alteration
alteration of permanent summer intensive short vegetation is oils, pesticides, | of meandering
vegetation. loss of water maximum term sediment replaced with metals and stream channel

infiltration to soil and may input. nutrient input other toxic and wetland
and stormwater decrease winter from sewage, substances. structures. Bank
runoff is minimum stream fertilizers and hardening,

rapid and temperatures. other sources. fill and dikes
severe. Water Disruption of remove other
withdrawals groundwater habitat features.
for urban input will reduce Dikes isolate or

fragment habitat
and increase
stream velocity.

Figure 3.7 Relationship of forestry, agricultural and urban land use activities to habitat processes affecting salmon*

* A more complete discussion of these relationships including other land use activities is contained in “An Ecosystem Approach to Salmonid Conservation”
also known as the “Man Tech” report by Spence, et al. 1996. Additional discussion of applying information on habitat characteristics to recovery planning
is contained in, “Ecosystem Recovery Planning for Listed Salmon: An Integrated Assessment Approach for Salmon Habitat” by Beechie, et al., 2003.

Figure 3.7 outlines the ways that some of the major land use activities in the Pacific Northwest have modified the fundamen-

tal and interlinking processes that form salmon habitat. One of the major factors affecting habitat has been the temporary and
permanent removal of vegetation. Vegetation is a key component of the light and temperature regimes in stream systems. The
logging, farming and development activities described previously removed streamside vegetation, resulting in long term increases
in water temperatures and drastically affecting the ability of bull trout and salmon to survive. Summer stream temperatures have
been documented to increase by 3 to 8°C (5.4 -14.4°F) following clearcutting and up to 160C (28.8°F) in small watersheds
(Spence, et al., 1996). High temperatures may stress or kill salmon outright, or limit the production of organisms they need for
food. Water temperatures above the tolerance threshold for Chinook migration, rearing or emergence have been found in the
Nooksack, Dungeness, Elwha, Green/Duwamish, Skagit, Snohomish and Stillaguamish Rivers.
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Poor riparian conditions can result in higher water temperatures which may stress or kill

salmon. Photo courtesy the Washington State Salmon Recovery Funding Board.
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Figure 3.8

source of fine sediment and debris, with detrimen-
tal effects to salmon habitat. (Spence, et al., 1996;
National Research Council, 1996) Sedimentation
filled in many of the large deep pools in rivers

and many river systems have been unable to recre-
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ate these essential habitat features

for salmon, since the large wood that
would serve as the structural raw mate-
rial has been removed. Sediment
input also results from urban construc-
tion and agricultural practices and the
excessive input of fine sediments has
been identified as a problem in every
watershed into Puget Sound.

The toxic mix of oil, grease, pesti-
cides and other pollutants carried by
stormwater runoff alters the chemi-
cal processes of urban streams and
creates dramatic shifts in their flow
patterns. Recent studies by NMFS
and the Seattle Public Utilities have
also documented high rates of outright
mortality to adult salmon still full of
eggs and sperm, even in a creek where
habitat had been restored. While the
restoration of these urban creeks is
essential to allowing greater numbers
to spawn, the studies suggest that the
control of polluted runoff from urban
streets, lawns and parks and restoration
of chemical balance is imperative to
fish productivity (Scholtz, 2003).

Riparian function depends on veg-
etated banks, and the removal of large
trees precludes the recruitment of large
woody debris, essential to a varied
channel structure. Dikes and levees
generally have maintenance require-
ments that prohibit vegetation, largely
eliminating the production of food for
salmon and the recruitment of large
woody debris for cover and diverse
channel structure. Channelization and
floodplain structures such as dikes

reduce river sinuosity, increasing water velocity and
reducing the volume of habitat. In many cases,
floodplain structures eliminate the connection

to side channels and wetland complexes where
salmon once could rest and feed.
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Guidelines for salmon recovery emphasize the
need to address fundamental ecosystem processes
by restoring vegetation, hydrology, channel structure
and essential food supplies for salmon.

“Salmon are adapted to local environmental
conditions....[that] vary in space and time due
to landscape processes and land use. Because
landscape processes (e.g, sediment supply, wood
recruitment to streams) create and sustain habitats
over time, an approach to habitat recovery that
focuses on preserving or restoring ecosystem pro-
cesses should provide good quality salmon habitat
over the long term.” (Beechie, et al.; 2003)

Technical Assessments of the Potential to
Recover Chinook populations at the ESU Scale

Several “broad-brush” looks at habitat condi-
tions in the entire Puget Sound ESU indicate that
the potential capacity of watersheds to support
Chinook spawning and rearing is still present in
many watersheds. Coarse scale assessments of
this nature are unable to factor in the varying levels

of detail that have gone
into habitat analysis in each
watershed. Some water-
sheds have been able to
assemble the resources to
conduct studies of habitat
factors in more depth than
others. Additionally, the
Sound-wide review has so
far focused primarily on the
quantity of potential habi-
tat, and generally has yet to
fully incorporate qualitative
information. The individual
watershed plans submit-
ted in the Spring of 2005
contain a large amount of
habitat information that will
need to be assimilated into
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an ESU-wide assessment of habitat and its effect
on VSP parameters.

Figure 3.9 contains a map depicting current
and historical spawning capacity for Puget Sound
Chinook populations, to display the varying levels
throughout the Sound. Several watersheds still
retain habitat with the potential to support spawn-
ing at historical capacity levels, although the quality
may have been modified by flow diversions and
other impairments. The Elwha River represents the
opposite case, as it has lost approximately 85%
of historical spawning capacity, but the quality of
habitat above the dams has been fully retained
since these areas are located in Olympic National
Park. Dam removal, scheduled to begin in 2008,
will restore access to these spawning areas.

In addition to spawning capacity, NOAA Scientists
have begun to collectively estimate changes in
the amount of freshwater, estuary and nearshore
rearing habitat in the Puget Sound region. Through
airphotos, map layers and historical reports covering
wetlands, vegetation and stream channel loca-
tions, rough estimates can be made of the amount

Estimated amount of Chinook rearing habitat in the
Puget Sound region
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Notes: This graph depicts current and historical estimates of juvenile rearing habitat in the Puget Sound Region.
Rearing habitat is divided into three habitat types: freshwater, estuary and nearshore. Current habitat is further
divided into modified and unmodified amounts.

Figure 3.10 Courtesy NOAA Fisheries, NW Fisheries Science Center; M. Ruckelshaus
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Figure 3.9 Courtesy NOAA Fisheries, NW Fisheries Science Center; M. Ruckelshaus
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Estimated percentage of currently accessible Chinook
rearing habitat that is armored or hardened

Technical Assessments
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Detailed technical analyses
of the habitat factors affect-
ing Puget Sound Chinook and
other fish species are contained
in the following reports and
spatial information:

Salmon and Steelhead
Habitat Inventory and
Assessment Program: Since
1995, this cooperative proj-
ect between the Northwest
1 Indian Fisheries Commission
and WDFW has characterized
salmon habitat conditions and
the distribution of salmonid
stocks in Washington. The

ysiwemng
1epa)

Figure 3.11 Courtesy NOAA Fisheries, NW Fisheries Science Center; M. Ruckelshaus

of Chinook rearing habitat in the region and the
proportion that has been modified (figure 3.10).
These estimates indicate that large quantities of
juvenile rearing habitat remain relatively unmodified
in portions of Puget Sound, and the connectivity
and protection of these ecosystem features should
be a focus for future study and action.

Additional analysis has been made of the
percentage of bank armoring or hardening that
has occurred in freshwater, estuary and nearshore
environments. The extent of modification varies
around the Sound, with extensive bank armoring
or hardening in most of the river basins in South
Puget Sound.

Studies such as these are assisting scientists with
assessing the potential for improvements in VSP
parameters at the scale of the entire Puget Sound
Chinook ESU. This is particularly true for the spatial
distribution and diversity parameters in the ESU
since these will require a broader look than is
possible watershed by watershed.
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spatial data system is designed
to utilize comprehensive,
consistent data with sophisticated analytical tools
to provide a variety of digital products and maps
for regulatory and conservation efforts related to
salmon in Washington. For each basin SSHIAP has
information such as:

= Basin summary

Land use relief map

Escapement levels and stock status

Limiting factors summary

= Map and list of impaired water bodies from the
Clean Water Act 303(d)

= Surface water appropriation status

= Man-made blockages

= SRFB projects implemented

The SSHIAP program information is available on
the website of the Northwest Indian Fisheries
Commission [www.nwifc.org]. A sample of the
products that are available through the SSHIAP
program for the Nooksack basin are contained on
the following pages.
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1991 Shaded Relief of Land Use / Land Cover in WRIA 1

Figure 3.12 A sample of the products that are available through the SSHIAP program.
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Habitat Limiting Factors

Sub-basin/Habitat Area

Major Limiting Factors

Potential Causes

High temperatures; lack of lwd; high coarse and fine
sediment load; channel instability; migration passage

Lack of riparian shade and Iwd recruitment potential;
elevated mass wasting rates; bank hardening; drained

habitats in historic channel migration areas; high
temperatures; blocked access; inadequate instream flow

South Fork . o wetlands for agriculture; hydromodified channel;

barriers; loss of wetlands and off channel habitat; loss of . . . . )

> o . impassable culverts; over allocation of water rights; flood

channel migration opportunities; low instream flow comtrol

Blocked access at rm 7.2; Channel instability; lack of Iwd; Diversion dam; lack of riparian shade and lwd recruitment
Middle Fork high course and fine sediment load; high temperatures; potential; elevated mass wasting rates; bank hardening;

lack of instream flow impassable culverts

Channel instability; lack of lwd; high course and fine Lack of riparian shade and lwd recruitment potential,
North Fork sediment load; lack of instream flow; loss of off-channel elevated mass wasting; bank hardening including for sr

542 which is located in cmz; impassable culverts; over
allocation of water rights

Mainstem Nooksack and
Tributaries

Loss of channel migration and off-channel habitats in
historic channel migration area; hydromodified channel;
lack of lwd; high temperatures; blocking culverts; loss of
historic wetlands; over-allocation of water rights; loss of
former distributary habitats in estuary, tributary dredging
for flood control

Levees and rip-rap and riparian maintenance for flood
control; inadequate lwd recruitment potential and riparian
shade along mainstem and tributaries, drainage of historic
wetlands to promote agriculture; blocking culverts, over-
allocation of water rights

Independent Drainages (Dakota,
California, Terrell, Squalicum,
Whatcom, Padden, Chuckanut,
Olyster, and Colony)

Water quality; inadequate stream flows; peak flow
impacts; migration passage barriers; high temperatures;
loss of wetlands

Over allocation of water rights; increased impervious
surface from development; urban storm water run-off; lack
of shade and lwd recruitment in riparian zones; blocking
tide-gates; flood control

Estuary and Nearshore

Loss of nearshore habitats; disrupted beach nourishment
processes important for forage fish spawning; toxic
contaminants; altered juvenile salmon migration paths;
lost access in former distributaries and pocket estuaries

Filling to promote development; shoreline modifications
including rip-rap bulkheads, jetties, railroad located in

former nearshore area; industrial pollutants (Bellingham,
Cherry Point, etc.); Overwater structures including docks,
urban stormwater runoff, blocking culverts and tidegates

Sumas River and Tributaries

Blocked access, inadequate stream flow; high
temperatures, inadequate lwd; agricultural runoff
including siltation

Flood control along vedder canal and frasier river interrupts
migration (Canada), inadequate riparian shade and lwd
recruitment potential; drainage of historic wetlands to
promote agriculture, dredging for flood control; over-
allocation of water rights, blocking culverts

Limiting Factors Analyses: The Salmon Re-
covery Planning Act (ESHB 2496) was passed in
1998. Among other elements, the Act directed
the Washington State Conservation Commission to
prepare a Limiting Factors Analysis (LFA) for each
Water Resource Inventory Area in Washington State.
A technical advisory group was formed for each
area consisting of state and tribal fisheries biologists
and other local experts to evaluate habitat factors
including barriers to migration, and the condition of
estuarine areas, riparian corridors, stream channels
and wetlands. The LFAs were intended as a basis
for prioritizing recovery efforts and for measuring
the results of future recovery actions.

The Limiting Factors reports provide considerable
detail regarding the habitat factors limiting Puget
Sound salmon and steelhead. For each major river
and tributary, the reports describe the status of the

PAGE 86

habitat processes affecting salmon such as loss of
access to spawning and rearing habitats, floodplain
conditions, streambed sediment, riparian condi-
tions, water quality and quantity problems, and
estuarine and nearshore habitat. These reports
may be accessed at the Washington Conservation
Commission website [http://salmon.scc.wa.gov/].
Watershed Chapters: Shared Strategy water-
shed planning staff interviewed watershed partici-
pants in 2002-2003 to identify the major limiting
factors in each watershed. A number of habitat fac-
tors were listed as common problems throughout
almost all Puget Sound watersheds, such as altered
hydrology and sediment transport, water quality
degradation, loss of riparian vegetation, lack of large
woody debris, and impaired floodplain processes.
Additionally the loss of nearshore/estuarine habitat
has been identified as a limiting factor throughout
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most of the Sound. More studies and information
on the habitat conditions in each watershed plan-
ning area are located in the watershed chapters.

Ongoing Conservation Measures in
the Puget Sound Region

State Statutory and Regulatory Framework

In 1997 a Joint Natural Resource Cabinet was
brought together by Governor Gary Locke to coordi-
nate salmon recovery efforts at the state level. The
JNRC released the, “Statewide Strategy to Recover
Salmon: Extinction is Not an Option” in 1999
which was designed as the state’s long term guide
for salmon recovery. As noted in the Strategy,
many laws exist that directly or indirectly attempt
to protect or restore salmon, but, “the troubling
status of these fish is an indication that our existing
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regulatory framework and implementing agencies
have been unable to protect salmon populations
and their ecosystems”” (JNRC, 1999). The regula-
tory framework includes laws dealing with land and
water use and development, laws pertinent to fish
and wildlife protection, and three new laws enacted
in Washington State in 1998-9 which were specifi-
cally directed to bolster the statutory framework for
salmon recovery.

Land and Water Use and Development: State
laws include the State Environmental Policy Act,
Shoreline Management Act, Growth Management
Act, Floodplain Management Act, Forest Practices
Act, Water Pollution Control Act, Hydraulic Project
Approval, Aquatic Lands Act, and the Water Code
and Water Resources Act.

Fish and Wildlife Protection: Of the state laws
noted above, the State Environmental Policy Act,

—————e

foor CANAL SALMON
NHANCEMENT GROUP

SMOLT TRAP

ptenl et
R
P Sy —
[T — —
ek gt e tm— T
——

P -
ITA et P 108 W WL, e s

PLEASE Do NOT D'STURB

CHAPTER 3 — PAGE 87



the Growth Management Act, and the Hydraulic
Project Approval laws contain provisions relating
directly to fish and wildlife protection.

Recent Legislation Directly Related to Salmon
Recovery: Three laws were enacted in Washington
State in 1998-1999 designed specifically to im-
prove conditions for salmon. The acts recognized
the need for comprehensive, coordinated solutions
that would be locally based and implemented.

= Salmon Recovery Planning Act (ESHB 2496):
This 1998 act provided the framework for
developing salmon restoration projects. The
Act required the preparation of a limiting factors
analysis for habitat, and established the fund-
ing mechanism for local restoration projects.
The Act also created the Governor's Salmon
Recovery Office and an Independent Science
Panel to work toward salmon recovery plans for
the region.

= Watershed Planning Act (ESHB 2514): Also
passed in 1998, this legislation encourages vol-
untary planning by local governments, citizens,
and tribes for water supply and use, water qual-
ity, and habitat at the Water Resource Inventory
Area level. The Act made available grants for
assessments of water resources and prepara-
tion of water management plans.

= Salmon Recovery Funding Act (2E2SSB 5595):
Adopted the following year, this legislation fur-
ther developed concepts established in ESHB
2496. The Act created the Salmon Recovery
Funding Board to coordinate the allocation of
funding for restoration projects across the re-
gion, and clarified the content for the statewide
strategy to recovery salmon.

Local involvement in identifying solutions for
salmon recovery at the watershed level was a
fundamental principle of all three laws. Water
resource planning under ESHB 2514 identified
“initiating governments” at the local level to direct
watershed planning activities. The salmon recovery
acts encouraged the formation of local “Lead Entity
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Groups” with citizen sub-committees and technical
advisors to evaluate and prioritize restoration and
protection projects for each watershed area. These
locally-driven efforts were intended to allow local
knowledge and relationships to assist planning and
implementation, and to account for the differences
between urban and rural communities and habitat
conditions throughout the state.

As required by the Salmon Recovery Planning Act,
the Governor's Salmon Recovery Office has issued
a "State of the Salmon in Watersheds" report for
2004 providing an overview of the status of salmon
in Washington State, and information on progress
toward restoration and protection in the last few
years.

Linkage to Federal Actions and Initiatives

Two federal services have direct responsibili-
ties for recovery planning and enforcement of the
Endangered Species Act. The National Marine
Fisheries Service (NMFS) is charged with oversee-
ing the preparation of recovery plans and rules for
threatened and endangered species of West Coast
salmon. The US Fish and Wildlife Service (USFWS)
has recovery oversight for bull trout. Both agen-
cies have worked closely with tribal, state and local
governments and watershed groups in recovery
planning for the Puget Sound region. Section 7 of
the Endangered Species Act requires that federal
agencies consult with NMFS or the USFWS on
activities they authorize, fund, or carry out to ensure
they are not likely to jeopardize the continued exis-
tence of listed species or result in the destruction or
modification or their critical habitat.

Related Federal legislation includes the National
Environmental Policy Act, Clean Water Act, Federal
Reclamation Act, Coastal Zone Management Act,
Rivers and Harbors Act, Wild and Scenic Rivers Act
and more. Additionally, federal laws such as the
Fish and Wildlife Coordination Act, Magnuson-Ste-
vens Fishery Conservation Act, the Marine Mammal
Protection Act, and the Pacific Salmon Treaty directly
affect recovery processes.

PUGET SOUND SALMON RECOVERY PLAN



Other major federal actions and initiatives that
relate closely to Puget Sound salmon and bull trout
recovery planning include the following:

Since 2000, the Salmon Recovery
Funding Board has awarded

195.4 million in grants for 592
= The Federal Forest Plan was issued by Presi- 5 8

dent Clinton and Vice-President Gore in 1993
to guide timber management in the National
Forest System in the Pacific Northwest. The
related report by the Federal Ecosystem
Management and Assessment Team included
an aquatic ecosystem assessment chapter
identifying at-risk stocks of anadromous fish in
the region, key watersheds in the protection of
threatened species, and standards for riparian
reserves and other forest management param-
eters. Additionally, the US Forest Service con-
ducts ongoing aquatic habitat monitoring and
fish surveys, and is closely involved in restora-
tion of habitat for aquatic and upland species in
the Puget Sound region. (FEMAT, 1993)

= The Puget Sound Nearshore Ecosystem
Restoration Project began with a reconnais-
sance study in 2000 conducted by the US
Army Corps of Engineers, which concluded
that major human modifications along the
Puget Sound shoreline have resulted in a
significant loss of estuarine and nearshore
habitats (USACOE and WDFW, 2001). The
study identified a number of actions to restore
nearshore habitats to a more natural state. The
Puget Sound Nearshore Ecosystem Restora-
tion Project has been undergoing feasibility
and study since 2001, and project engineering
and design is projected to begin by 2006, with
construction targeted for 2009. A companion
Corps of Engineers construction authority, the
Puget Sound and Adjacent Waters Initiative,
was authorized in 2003 for construction of
early action restoration projects.

= Several Federal agencies including the Environ-
mental Protection Agency and the US Army
Corps of Engineers are closely involved in
the cleanup of toxic contamination in Com-
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projects in 30 of the 39 counties
in Washington State.

Projects funded by the board include:

* Fixed or removed 132 barriers to fish migra-
tion, opening up an estimated 456 miles of
stream for salmon habitat.

* Planted trees and shrubs along 96 miles of
streams to cool the water and provide sources
of wood that can fall into the stream and im-
prove channel structure for salmon habitat.

» Abandoned or fixed 222 miles of road to re-
duce the amount of soil washing into streams.

* Changed river flows in 85 acres to slow the
rivers and create places for salmon to spawn
and grow.

« Worked with willing landowners statewide to
protect habitat through conservation ease-
ments and property acquisitions.

» Removed 19 dikes and tide gates in estuar-
ies to allow freshwater and saltwater to mix,
opening an estimated 6 miles of transition
areas for salmon headed to and from the sea.

Additional activities funded by the board
include:

* Assessments such as an inventory of barriers
to fish passage.

* Operation of local salmon recovery boards
for recovery planning.

* Support of state agency efforts to improve
instream flows and enforce provisions of the
“Forest and Fish Agreement”

* Provide technical assistance to family forest
landowners.

(SRFB website-home page)
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mencement, Elliott, and Bellingham Bays which
include designated superfund sites.

= A number of Puget Sound rivers and tributaries
are included on the Environmental Protection
Agency's list of impaired water bodies under
Section 303(d) of the Clean Water Act for
temperature, flows, fecal coliform and other
pollutants. The authority for the development
of water quality cleanup plans and coastal zone
management activities has generally been
delegated to the Washington Department of
Ecology. The full list is located on the Washing-
ton Department of Ecology website.

Transition to Conservation and Restoration
by the Local Community

In each of the case studies described in section
4.1.1, local and regional community members
have stepped forward within the last two decades
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to initiate projects and reforms that have slowed
the momentum of degradation and placed Puget
Sound watersheds on a path toward recovery. After
considerable conflict, forest industry representatives
and fisheries interests forged a “Forest and Fish
Agreement” and prepared a package of regulations
for forest practices that provide more protections for
aquatic organisms. Farmers in the Dungeness have
won state and national awards for their voluntary
water conservation efforts that have greatly im-
proved instream flows in the late summer. Simi-
larly, Nooksack basin farmers have instituted many
improvements to their farm practices to remedi-

ate the water quality and temperature problems
documented in the river and tributaries. Recently,
farmers in the Skagit Valley met with Swinomish
and Sauk-Suiattle tribal leaders to work toward solu-
tions on the complex drainage and estuarine loss
problems in the lower watershed. Urban volun-
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teers have contributed thousands of hours to repair
neighborhood tributary streams. State agencies and
Puyallup residents have seized opportunities to set
back dikes and replace critical ecosystem functions
wherever feasible. Marine Resource Committees
and other local citizens groups are using volunteers
to remove derelict fishing gear, inventory important
spawning grounds for forage fish, and other activi-
ties to improve conditions in the nearshore. Each
of these efforts demonstrates the commitment of
the Puget Sound community to protecting and re-
storing salmon, and ensuring that these Northwest
icons remain part of the landscape.

Detailed descriptions of the accomplishments to-
ward salmon recovery goals at the watershed levels
are contained within the watershed chapters.

“Our efforts to protect habitat stretch out over
the next 10 years, but really we're talking about
forever”

Sarah Spade, Jefferson Land Trust
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Harvest Factors Affecting Puget Sound Salmon
and Bull Trout

“The parties hereto, all Puget Sound treaty tribes and the Washington Department of
Fisheries... agree to a philosophy of cooperation in implementing management programs
to maintain, perpetuate and enhance the salmonid resources.”

Puget Sound Salmon Management Plan, 1985

Harvest is important to the Puget Sound region culturally and economically. The salmon themselves are
inherently productive; and when populations are healthy, they can sustain harvest without jeopardizing their abil-
ity to sustain themselves. Scientists have determined that the mortality to salmon caused by habitat loss and
natural factors exceeds the numbers of salmon taken by fishing. However, because harvest occurs late in the
life cycle of the salmon, the risk of overfishing has a direct and potentially substantial effect on the population
that is left to return home and reproduce (NRC, 1996).

Fisheries for Puget Sound Chinook and other species are structured around the cultural and legal history of the
region, national and international laws and management forums, and the biological characteristics of the salmon
themselves. Fishing occurs in waters off of the coast of Alaska and Canada, ocean environments along the
Washington coast, and in the marine waters and rivers of Puget Sound. Each of these fisheries harvests a por-
tion of the returning runs of Puget Sound Chinook and Hood Canal summer chum salmon. Although fisheries
have not been targeted on the harvest of bull trout, these fish are also captured incidentally during the harvest of
other species.

Today's harvest management objectives emphasize the survival and recovery of the wild salmon populations.
The management of harvest is a complicated process that crosses traditional tribal geographic boundaries, state
jurisdictions and international law. Salmon fishers in Washington include Indians and non-Indians who fish for
commercial, recreational, ceremonial and subsistence purposes. Intertribal, tribal-state, interstate and interna-
tional negotiations must balance the interests of the various fishers with the capacity and conservation needs
of the fish, utilizing an extensive array of technical methods to estimate population sizes and run timing. The
complex fisheries management structure for this process has evolved during more than 150 years of change to
the human and salmon populations of Puget Sound.

History of Puget Sound Fishing
Tribal Fisheries and the Stevens Treaties

Evidence of fishing activity and trade by Puget Sound Indians is obvious in every coastal archaeological dig in
the region, dating back thousands of years. Salmon were key elements in the diet, religious practices and trade
customs of tribal ancestors, covering a wide geographic area in the Pacific Northwest. Tribes often moved from
place to place to take advantage of the different timing of various salmon species, with each tribal band develop-
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ing a traditional geographic pattern of fishing sites.
These “usual and accustomed fishing grounds and
stations” were located throughout tribal territorial
areas in marine waters, embayments, and up and
down rivers and tributaries. Many fishing stations
were located at the mouths of rivers, capturing
adult salmon as they returned to their “terminal”
areas to complete their life cycle. Although tribes
managed their fisheries to allow sufficient numbers
of salmon to reach their spawning grounds, exten-
sive regulation was unnecessary due to the abun-
dance of fish and the small human population.

In the mid-1850's, Isaac Stevens, the first Gover-
nor of Washington Territory, was sent by President
Franklin Pierce to negotiate with the many tribal
communities in order to avoid conflict and se-
cure clear title to the land for the coming influx of
white settlers. The “Stevens Treaties” with western
Washington and Columbia River tribes contained
essentially the same language, by which the tribes
ceded their ownership of millions of acres of land,
reserved parcels of land for their exclusive use
(reservations), and retained some of their rights for

Reenactment of the Point No Point treaty.
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fishing, hunting and gathering throughout their for-
mer territory. The treaties were not a grant of rights
to the Indians, but were rather a grant of rights from
them, reserving those rights which they had not
signed over to the Federal government (Cohen,
1986; Madsen, 1988).

“The right of taking fish, at all usual and accus-
tomed grounds and stations, is further secured to
said Indians in common with the citizens of the
territory...”

Treaty of Medicine Creek, 1854

Expansion of Non-Indian Fisheries in the
19th and 20th Centuries

The arrival of the salmon canning industry in
Puget Sound in the 1870’s led to an explosion in
the non-Indian commercial fishing industry, with a
peak cannery pack of 95,210 cases of Chinook in
1908. As catch rates grew, fishers expanded their
harvest to more species and moved further out
toward the ocean to avoid conservation closures
of river fisheries, already needed by about 1915.

Photo Courtesy NWIFC
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The First Salmon Ceremony

Early anthropologists in the Pacific Northwest
documented the practice of First Salmon
Ceremonies, a ritual of giving thanks that is
still held by many tribal communities. First
salmon ceremonies are generally conducted
in the spring, coinciding with the arrival of the
first salmon runs, to welcome the return of
the salmon and to thank tribal relatives in the
oceanic world for allowing themselves to be
killed and provide food. Although each tribe
has their own traditions, generally a salmon is
specially prepared and shared, and songs are
sung to welcome the salmon as an honored
guest. The community celebrates the cycle of
the salmon to ensure that the runs will return,
and often include prayers for the safety of

the fishermen. The remains of the honored
salmon are usually wrapped and returned

to the water, so that the salmon can tell its
people that it was treated well.

Photo courtest NWIFC

2002 Swinomish First Salmon Ceremony

Washington harvest rates declined somewhat
between World Wars | and Il due to the Great
Depression as well as surplus catches from Alaska,
and expanded again after World War II, particularly
in ocean fisheries. High seas fishing by Japan and
other nations also became increasingly conten-
tious. The 1976 Magnuson Fishery Conservation
and Management Act asserted a 200-mile exclusive
fishery management zone off of the coast of the
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From the collections of the Washington State Archives

United States. This act along with other internation-
al agreements substantially reduced the intercep-
tion of North American salmon on the high seas.
(NRC, 1996)

Recreational hook-and-line fisheries became
important following World War Il and presently
comprise the bulk of Chinook harvest by non-Indian
fishers in Puget Sound marine waters. By 1957
the Puget Sound recreational Chinook harvest had
reached 238,000 fish before size and bag limits
were reduced in 1958. Prior to 1958, the daily
limit was 6 fish greater than 12 inches, only 3
greater than 24 inches. From 1958 through 1970
the catches ranged between 100,000 and 160,000
Chinook. Recreational catches rose again in the
early 1970s, possibly due to hatchery supplementa-
tion programs, and have dropped to levels less than
45,000 Chinook since 1998 (WDFW, 2005).

The Boldt Decision

“The expansion of ocean fisheries placed the
burden of responsibility for conservation on fish-
ers closer to the spawning grounds, including
the American Indians” (NRC, 1996). The fishing
pattern of non-Indian harvest in open waters of the
Pacific Ocean and Puget Sound left few, if any, fish
that could be harvested in many traditional terminal
areas by the river mouths or in streams. By 1960,
the Indian harvest in Puget Sound and coastal wa-
ters was 5 percent of the total catch; Indian fishers
began harvesting in open defiance of state regula-
tions, and were frequently jailed.

The 1974 “Boldt Decision” in U.S. v. Washington
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(384 FSupp.312) and related legal opinions inter-
preted the treaty language to mean that tribes had
reserved the right to take 50% of the harvestable
fish. The United States Supreme Court affirmed
the decision and recognized the inextricable cultural
relationship between Pacific Northwest tribes

and salmon, indicating that, “Fishing is not much
less necessary to the existence of tribes than the
atmosphere they breathe!” The decisions provided
direction for the conservation of fisheries resources,
established treaty tribes and the states as co-man-
agers, and set out principles to distribute the bur-
den of conservation fairly. It should be noted that
the provisions of U.S. v. Washington did not extend
to tribes that did not have treaty fishing rights. Thus
the terms “treaty” and “non-treaty” are now used

3 a0”
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Photo courtesy Northwest Indian Fisheries Commission.

Allison Gottfriedson under arrest.
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to describe the respective fishers from each of the
co-management entities.

Despite the early strife and sporadic ongoing
disputes, the State of Washington and treaty Indian
tribes developed a cooperative management struc-
ture in the ensuing decades. The “philosophy of
cooperation” expressed in the 1985 Puget Sound
Salmon Management Plan and other key manage-
ment agreements has enabled the co-managers
to coordinate their response to salmon recovery
through harvest management forums, as well as
habitat restoration and hatchery operations.

Fishing no longer provides the level of suste-
nance and livelihood that it once did for either the
treaty or non-treaty fishers of Washington. The
number of participants in ocean troll (hook and
line) fisheries has substantially declined, and the
average landings by weight in the 1990’s were
only 43% of those in the 1980's (NRC, 1996).
Within Puget Sound fisheries, the Chinook catch by
non-treaty commercial net fishers declined by 93%
from 1975 to 2003 and marine recreational fisher-
ies (non-treaty) declined by 91% during the same
period (WDFW, 2005). The commercial net catch
of Chinook for treaty fishers in Puget Sound de-
clined by 23% during the same period, despite the
proportional increase in allocation resulting from US
v. Washington. Conservation principles are embed-
ded in the legal structure that governs management
under U.S. v. Washington, and the curtailment of
fisheries to protect rapidly declining runs was insti-
tuted by the co-managers well in advance of the
listing under the Endangered Species Act.

Salmon Harvest Management Forums

Today a complex array of agencies and govern-
ments manage the fisheries on salmon as they mi-
grate through Alaskan, Canadian, Washington and
Oregon waters. State and tribal fisheries harvest
managers in Washington must consider the effects
of Washington fishing regulations on Columbia
River and Canadian salmon populations, and in
turn, the effects of fishing outside of Washington
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on Puget Sound salmon. The complex political and
legal structures that frame harvest management of
Puget Sound salmon are largely concentrated in
three major forums: 1) the Pacific Salmon Com-
mission, established by a treaty between the United
States and Canada, oversees fishing on salmon
traversing US and Canadian waters; 2) the Pacific
Fisheries Management Council provides the forum
for the negotiation and regulation of ocean fisheries
along the US West Coast; and 3) U.S. v. Washington
proceedings provide the structure for harvest man-
agement in the Strait of Juan de Fuca and Puget
Sound waters (Figure 3.13 Ocean and Coastal
Fisheries Management Forums).

Pacific Salmon Treaty

The Pacific Salmon Treaty between the United
States and Canada was finalized on March 17,
1985 to address the management of salmon stocks
that originate in one country and are intercepted by
the other. The countries are committed to equi-
table sharing of the harvest and to constrain harvest
on both sides of the border to rebuild depressed
salmon stocks. The Pacific Salmon Commission
oversees the implementation of the Treaty and the
specific management provisions known as “an-
nexes” which are subject to periodic revision. The
most recent update to the annexes was agreed to
in 1999 and is applicable through 2008.

Pacific Fisheries Management Council and the
North of Falcon Process

“The Pacific Fisheries Management Council
(PFMC) was created by the Magnuson Fishery
Management and Conservation Act in 1977, and
re-authorized by passage of the Sustainable Fisher-
ies (Magnuson-Stevens) Act by the United States
Congress in 1997. The Council coordinates and
oversees the ocean fishery management objectives
among the three state jurisdictions (Washington,
Oregon and California) by mandating regulations
that prevent overfishing and maintain sustainable
harvest. The function of the Council is to assure
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that the co-managers’ conservation objectives are
achieved for all Chinook and coho salmon stocks,
and that harvest is equitably shared among the
various user groups.” (NMFS, 2004) Washington
fisheries managers are particularly involved with
the North of Cape Falcon process, governing the
harvest regime between Cape Falcon, Oregon (just
south of the Columbia River) and the U.S.-Cana-
dian border. Since the ocean fisheries forums set
the context for all fishing that follows in the Strait
of Juan de Fuca and Puget Sound, annual fishing
regimes for most Puget Sound salmon populations
are negotiated within this forum. The annual series

Major Harvest Management Forums
Affecting Puget Sound Salmon

Pacific Salmon Commission

(Established through the U.S.-Canada Salmon
Interception Treaty of 1985)

« U.S. Commission Members: U.S. State Dept.,
Washington Dept. of Fish & Wildlife, Oregon
Dept. of Fish & Wildlife, Tribal Representative

« Joint Advisory Committees: Northern Panel,
Southern Panel, Fraser River Panel

Pacific Fisheries Management Council
(Established under the Magnuson Fisheries
Conservation and Management Act of 1976)

« Voting Members: NMFS, WDFW, ODFW, Idaho
Dept. of Fish & Wildlife, California Dept. of Fish
& Wildlife, 8 citizens.

« Standing Committees: Salmon Advisory
Subpanel, Scientific and Statistical
Committee, Salmon Technical Team

US v. Washington
« Washington Department of Fish and Wildlife
* Washington Treaty Indian Tribes
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treaty tribes are based in Puget
Sound, and their locations are
shown in Figure 3.15.

Puget Sound Salmon
Management Plan:

Harvest under U.S. v. Washing-
ton is largely guided by the 1985

Puget Sound Salmon Manage-

Near Shore
posinni ment Plan (US v. Washington,
goreonsens F. Supp. 1606:1405). The plan

[ remains the framework for ne-
gotiating annual harvest regimes,
implementing management
objectives, and the allocation

of harvest between the State of
& Weshington \L\ Washington and treaty tribes and

Department of
Fisheries and
Oceans, Canada

between the tribes themselves.
Management strategies are
designed to provide opportunity
for all parties while sharing the
burden of conservation. Several
principles for the management

Us v. Oregon

National Marine Fisheries Service, Northwest Region (2003)

of PFMC and North of Falcon meetings receive
active participation from state and tribal co-man-
agers as well as individual commercial and sport
fishing groups, and charter operators. Representa-
tives from environmental organizations and others
involved in salmon recovery are also encouraged to
participate.

US v. Washington

The Federal court proceedings of US v. Washing-
ton are the legal framework for the joint manage-
ment of salmon fisheries within Puget Sound and
the Strait of Juan de Fuca. Treaty tribes that are
parties to US v. Washington and the State of Wash-
ington Department of Fish and Wildlife are the co-
managers of the salmon and steelhead resources
returning to western Washington. Seventeen of the
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of fisheries in Washington were

reinforced by the plan, including

the need to allow an adequate
proportion of returning runs of salmon to “escape”
from fisheries to maintain both natural and artifi-
cial production. The PSSMP also emphasized the
need to base allocation and management on the
region of origin of returning salmon populations,
and to protect weak stocks of salmon when setting
up harvest shares, areas and time. Procedures for
negotiation and the timely exchange of informa-
tion were also established, along with principles for
sharing and contingencies.

Comprehensive Management Plan for Puget
Sound Chinook

The Puget Sound Chinook Harvest Resource
Management Plan was jointly developed in 2004
by the Washington Department of Fish and Wildlife
and the Puget Sound treaty tribes under Limit 6
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of the Endangered Species Act 4(d) Rule for the
2004-2009 fishing years. The Resource Manage-
ment Plan regulates commercial, recreational,
ceremonial, and subsistence salmon fisheries taking
place within Puget Sound and the Strait of Juan de
Fuca and potentially affecting Puget Sound Chinook
Salmon. The co-managers’ plan establishes “Re-
building Exploitation Rates” for most Chinook popu-
lations in Puget Sound, which are intended to be
conservative rates of harvest that should contribute
to the recovery of threatened populations. Addi-
tionally, all Puget Sound Chinook populations have
“Low Abundance Thresholds” that trigger additional
conservation measures in United States fisher-

ies when pre-season forecasts fall below certain

levels or when US fisheries alone cannot achieve
the harvest objectives. More information on the
Comprehensive Chinook Resource Management
Plan is described further in the section on regional
recovery strategies contained in this recovery plan-
ning document.

Seasonal Harvest Management

Within the major harvest management forums,
fisheries managers go through a number of steps to
establish an annual harvest schedule incorporating
an assessment of the effect of proposed harvest
regimes on threatened populations of Chinook and
summer chum.

Pre-season Planning:

i) Point
\ Robeﬂs‘x

Vancouver
Island

= Pre-season planning gener-

¥ L .

{ ally begins in December, with the
X preparation of data from previous
run sizes and harvest levels. A
preliminary forecast of the expected
returns to Puget Sound fishing areas
is made in January, and plugged
into a simulation model that allows
fisheries managers to estimate the
impact of alternative fishing regimes
on harvest and escapement

= Harvest limits for natural-origin
Puget Sound Chinook are deter-
mined by the co-managers' plan
(PSIT & WDFW, 2004) and provi-
sions of the Pacific Salmon Treaty
or other criteria. Harvest limits
for hatchery-origin Puget Sound

e
Legend @ Chinook and other salmon species
RigFasen L are determined by the Puget Sound
Major Lakes o 25 50 | | d
e i 58 Salmon Management Plan an
B verneacas other harvest management plans
snsss  ActionArea @ adopted under its auspices as well
National Maring Fisheries Service, .. ae
Northiwest Region (2003) as provisions of the Pacific Salmon
Key 5 - Suquamish 10 - Muckleshoot 15 - Upper Skagit | Treaty, where applicable.
:12 - EﬂakahEl . 6 - Skokomish 11 - Tulalip 16 - Nooksack
- Lower Elwha 7 - Squaxin Island 12 - Stillaguamish 17 - Lummi ifi
3 - Jamestown S'Klallam 8 - Nisqually 13 - Sauk-Suiattle 18 - Samish * = The annexes of the Pacific Salmon
4 - Port Gamble S'Klallam 9 - Puyallup 14 - Swinomish 19 - Snoqualmie * Treaty between the US and Canada

* A federally recognized tribe that does not hold tribal treaty fishing rights.
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operate on a parallel track

for early pre-season plan-
ning. Each year, details of
abundance forecasts, fisheries
assessments, monitoring and
fishing proposals are reviewed
and decisions on fisheries
implementation and manage-
ment are made. Of primary
importance to Washington
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State Chinook fisheries plan- li'a"f?l
ning is the annual forecast of
Canadian interceptions of US |
Chinook that is authorized 2
by the Pacific Salmon Treaty

Figure 3.16

and predicted to occur. This

forecast is an essential input

for the simulation modeling. The PSC process
begins in January and intersects with the PFMC
/ North of Falcon process in March.

= As the PFMC / North of Falcon planning
proceeds, information is updated, and model
simulations are generated, looking for the ap-
propriate fishing levels and balances to protect
Chinook stocks based on their status. This
process involves considering management
controls such as the timing and locations of the
various fisheries from the ocean to the terminal
areas. The model results are used to ensure
that the harvest rates are not exceeded for
each individual stock as well as the cumulative
harvest rates for a group of populations, such
as Puget Sound Chinook.

= Once the proposed fisheries regimes have
been reviewed, a decision is made by the
PFMC on ocean fisheries and the Washington
State co-managers (WDFW and the tribes)
agree on an annual plan for the Strait of Juan
de Fuca and Puget Sound fisheries. This fisher-
ies plan includes the specific times, locations
and other provisions (e.g., Chinook release
requirement, size limit) of all the inside fisher-
ies to occur that year. These decisions are

SHARED STRATEGY FOR PUGET SOUND

Source: T. Scott, WDFW

generally reached in April of each year, but may
extend into the summer and fall fishing season.

In-Season and Post-Season Management:

Fisheries schedules and regulations are often
adjusted during the fishing season as better infor-
mation becomes available on the abundance of
various Puget Sound salmon populations. Manag-
ers must ensure that quotas are not exceeded.
Commercial fisheries may be adjusted up or down
based on updated information on the abundance
of incoming runs. In each case, particular attention
is paid to the impact to critical populations from
potential changes to the harvest regime. Following
the end of the season, fisheries managers collect
monitoring data, evaluate the results and incorpo-
rate them into planning for future seasons.

Enforcement:

WDFW enforces commercial and recreational
fishery regulations for the fishers under state
jurisdiction. As of 2004, the WDFW Enforcement
Program employed 150-170 personnel, of which
95% are fully commissioned Fish and Wildlife
officers. Tribal fishery regulations are enforced by
the individual tribe promulgating the regulation,
both on and off the reservation, and enforcement
officers generally attend the Federal law enforce-
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Common Harvest Management Terms:

Terminal Fishery refers to fishing at a location (terminal area) which represents the endpoint of the geo-
graphic migration cycle for a run of salmon--usually a river or embayment at the mouth of a river. Terminal
fisheries capture returning adult salmon that are generally part of the same population heading for their
spawning grounds, which have sorted themselves from salmon originating in other river systems. However,
multiple species can be mixed together in terminal areas.

Directed Fisheries are those fisheries that are regulated to target on a particular species or population by
restricting fishing areas, gear type and timing.

Incidental Catch is often used synonymously with “bycatch” and refers to fish that are caught incidentally
while fishing for a different species, or populations of the same species, in a directed fishery.

Escapement is the number of adult fish that survive harvest or natural mortality and return to spawn to a
particular geographic area.

Exploitation Rates are calculated as the percentage of the total return that is caught in fisheries. The total
return is the catch + broodstock take for hatcheries or other supplementation programs + escapement to
spawn naturally.

Pre-terminal or Mixed Stock Fishing Areas are the marine areas in the Pacific Ocean, Strait of Juan de
Fuca and Puget Sound through which salmon originating from different river systems migrate on their way to
their natal stream. Many species and populations may be mixed together in these areas.

Treaty and Non-Treaty Fisheries refers to the harvest by fishers with tribal treaty-reserved fishing rights
exercised under the terms of US v. Washington, and harvest that falls under the jurisdiction by the State,
respectively.

Commercial fisheries refers to fishing that is conducted to sell all or a portion of the catch, as opposed to
subsistence, take home, and sport or recreational fisheries in which the fisher keeps the harvested fish
for their personal consumption. Sport/recreational fishing is generally associated with catch by non-treaty
fishers, while the term subsistence fisheries refers to catch obtained or retained for personal use by treaty
tribal fishers.

Ceremonial fisheries are conducted by treaty tribes to provide fish for funerals, tribal gatherings and other
ceremonies involving the larger tribal community.

Troll fisheries are operated with hook and line equipment for either commercial or recreational purposes, as
distinguished from net fisheries which utilize gill net, beach seine or purse seine equipment and are used in
commercial fisheries. Both gear types have been used for ceremonial and subsistence fisheries .

ment academy for training. Several tribes operate Harvest Management and Salmon
enforcement consortia or utilize cross-deputization Abundance/ Productivity
agreements where tribes fish in common areas.
Violations are prosecuted in the respective state or
tribal court systems. State and tribal law enforce-
ment agencies cooperate with the US Fish and
Wildlife Service, NMFS enforcement branch and
the U.S. Coast Guard in the course of their
enforcement duties.

Freshwater conditions, marine survival and har-
vest all affect the productivity of a salmon popula-
tion, i.e. the number of returning adult progeny per
spawner. Freshwater and marine habitat conditions
can affect the rate by which eggs hatch, juvenile
salmon survive and transition to seawater
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Productivity is affected at every life stage

and their returning offspring is a 1-to-1

LIFE STAGE

@@

Ocean Adults

Smolts

Spawners

FACTOR

Harvest

ratio. The productivity of some Puget Sound
Chinook populations is presently less than
the level of replacement. One of the char-
acteristics of viable, healthy populations is
to have a level of productivity that is greater
than the 1-to-1 replacement rate. These
populations may have what is known as a
"harvestable surplus”, i.e. a portion of the
population that can be harvested without
affecting the population’s ability to replace
itself (see figure 3.18).

Fisheries managers set the rates of
harvest so as to allow adequate “escape-
ment” from the fisheries that intercept adult
salmon as they migrate. Estimating the
number of fish that will return in advance
and setting rates that will not impinge on
the ability of a population to replace itself
is a difficult task. The level of abundance

(Source, WDFW & NWIFC)

Figure 3.17 Salmon productivity is affected at every life stage.
(smoltify), and migrate to ocean environments
where they mature. Ocean conditions, predation
and harvest directly affect the proportion of the
adults that return to spawn (Figure 3.17).

Productivity and Harvest

When a salmon population is merely replacing
itself, the relationship between the parent salmon

Stock-Production Relationship

1:1 Replacement Line

Healthy Population

RETURNING ADULTS ——

Declining Population

Spawners ——

Figure 3.18 Productivity affects the ability of populations to
replace themselves and provide a harvestable surplus.
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of salmon populations varies from year to
year, and different populations may require
additional conservation measures in certain
return years. In cases where the population levels
are already very low, fisheries managers must en-
sure that harvest does not impede the ability of the
populations to rebuild.

Reduction of Exploitation Rate in Puget
Sound Chinook Fisheries

The objective of the current harvest management
plan (PSIT and WDFW 2004) is to ensure that har-
vest will not significantly impede progress towards
population recovery by keeping the rate of harvest
low. Fisheries managers use the term “exploitation
rate” to refer to the percentage of a total return
of salmon that is taken in fisheries. The exploita-
tion rates for Puget Sound Chinook populations
of concern have declined by 44 to 64% between
the periods 1983-1987 and 1998-2000, and have
been held to this low level for the last few years
(PSIT & WDFW, 2004). (See Figure 3.19 for an
example for Snohomish Chinook.)
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(Image Source: K. Rawson, Fishery Biologist, Tulalip Tribes)

Sound Chinook populations (figure 3.20). Har-
vest has been reduced to very low levels result-
ing in a relatively constant number of spawners.
Despite the maintenance of a constant number
of spawners, the total abundance continues

to decline. Fisheries managers attribute this
situation to factors affecting the survival of off-
spring to adulthood, such as habitat conditions
(WDFW, 2005).

Directed Fisheries and Incidental Catch

Fisheries managers distinguish between
“directed” fisheries which target a particular spe-
cies for harvest, and the “incidental” catches of

Despite the low harvest levels of recent years,
several populations have not been able to rebuild.
Fisheries managers have concluded in many cases
that further reduction in fishing is not feasible
(due to habitat impairment and limited jurisdiction
over certain fisheries), nor is it likely to contribute
to rebuilding wild populations of salmon. Data
comparing hatchery-origin fish to naturally-spawned
fish have indicated that reduced exploitation rates
(along with more favorable ocean conditions) are
increasing the number of hatchery-origin fish that
return to spawn. Unfortunately this

other species which occur because the various
species are mixed in Pacific Ocean and Puget
Sound marine areas. Directed fisheries can also
target a particular population, such as a hatchery-
origin stock, and may result in the incidental take of
wild fish from the same species. Where threat-
ened or weak populations of fish may be at risk of
incidental catch, the managers shape “selective”
fishing regulations in an attempt to avoid harvest of
the weak stocks. This can be accomplished by lim-
iting harvest to specific areas, and timing openings
to avoid the peak of a weak salmon run. Regula-
tions can specify types of gear, and require the
release of all live Chinook that are harvested during

is not the case for natural-origin
Chinook returns which, though

Total Abundance of Snohomish Chinook has
Declined Despite Stable Spawner Numbers

stabilized, have not increased. This 25,000
information points to the condi-
. . 20,000 A
tion of freshwater habitat as the z . De;;
- = N LA ini,
factor constraining natural salmon = 15000 PO - "Odlycy
o c B ivi
production, indicating that the 0 A'-A-..A A Y
conservative levels of harvest now @ 10,000 Al o A S
being implemented do not impede | 5 Ay AT A
g Implemented do not Impede 2 ~k 4

recovery (PSIT & WDFW, 2004). 3000 Ta—m— 0 a0~ I B

Snohomish Chinook provide an 0
example of the apparent discon- ,985 | ,;,87 | | |9§| ‘199‘5

nection between spawner numbers
and productivity in some Puget

(WDFW, 2005; PSIT and WDFW, 2004)

O Spawners
A Returning Adults
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an opening. Both directed fisheries and incidental
catch are evaluated in establishing exploitation rates
for Puget Sound salmon fisheries.

Additional Mortalities Related to Harvest

Commercial and recreational fisheries also result
in “non-landed mortality” on Chinook and other
species which varies by the type of gear. Even
fisheries designed to be selective either for species
or to harvest specially marked hatchery fish will
have some mortality associated with the hooking
and handling of the released fish. These include
fish that are brought to the boat but are released
because they are too small (may die from hooking
trauma), fish that are hooked but drop off before
they are brought to the boat, and fish that die from
entanglement in gillnet or purse seine gear and
drop out before being landed. For each type of
fishery (commercial troll, recreational, net, etc.),
harvest managers add between 5 and 50% percent
to the total catch to account for fish deaths due to
release, drop-off and other harvest related impacts
(PSIT & WDFW, 2004).

Marine mammals are opportunistic feeders that
take advantage of the chance to eat fish from lines
or nets before they can be brought to the boat.
Marine mammal predation is a substantial source
of salmon mortality in many areas of Puget Sound
but their effect varies widely from year to year and
area to area. In the 1994 Amendments to the
Marine Mammal Protection Act (MMPA), Congress
directed that a scientific investigation be conducted
to “determine whether California sea lions and Pa-
cific harbor seals a) are having a significant negative
impact on the recovery of salmonid fishery stocks
which have been listed as endangered species or
threatened species under the Endangered Species
Act of 1973 (16 US.C. 1531 et seq.), or which the
Secretary finds are approaching such endangered
species or threatened species status; or b) are
having broader impacts on the coastal ecosystems
of Washington, Oregon, and California” A working
group was established by NMFS and reported that
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sea lion and harbor seal populations have been
increasing, and that the interaction of these marine
mammals with commercial and recreational fisher-
ies on the West Coast are on the rise. However,
the working group indicated that there was insuf-
ficient information to determine ecosystem level
impacts and a number of research efforts were
recommended (NMFS, 1997).

Puget Sound Chinook Catch

Puget Sound Chinook salmon are captured
in fisheries that occur in Alaskan and Canadian
waters, ocean fisheries off of the West Coast of the
contiguous United States, and within the marine
waters and freshwater tributaries of the Strait of
Juan de Fuca and Puget Sound. These fisher-
ies are conducted for commercial purposes, for
sport/recreational catch, or for tribal ceremonial and
subsistence objectives. Puget Sound Chinook are
captured through fisheries that are directed at the
harvest of Chinook but are intended to catch popu-
lations that are not threatened, such as hatchery-
origin fish; or they may be harvested as incidental
catch during fisheries for coho and other species
of salmon. Chinook are captured using “troll” gear
(hook and line) or they may be taken in a variety of
net gear types. The impact of these fisheries var-
ies area by area, season by season and differs for
individual populations of Chinook.

Alaskan and Canadian Interceptions of Puget
Sound-Origin Chinook

Chinook salmon originating in Puget Sound rivers
are harvested in Alaska and Canada. Harvest in
Alaskan and Canadian waters falls largely under the
management of the Pacific Salmon Commission.
For many Puget Sound Chinook populations, the
majority of the total harvest occurs in these fisher-
ies. Data which indicate the proportion of the catch
taken by any given fishery (e.g. Canada, Alaska) is
generally derived from coded wire tags that are in-
serted into juvenile salmon from hatcheries before
their release.
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Alaskan interceptions are relatively small; gener-
ally 5% or less of any given Puget Sound Chinook
run is harvested in Alaska. The Elwha Chinook
population and some Skagit Chinook are excep-
tions, since Alaskan catch accounts for a little less
than 10% of the total run of Elwha Chinook which
were released as fingerlings, and 12-13% of Skagit
summer fingerlings (PSC, 2004).

A number of troll and net fisheries operate in
Canadian waters off of the West Coast of Vancouver
Island, Georgia Strait, northern British Columbia,
Strait of Juan de Fuca, and marine waters between
Vancouver Island and the British Columbia main-
land. Canadian fisheries managers implement
constraints on their fisheries similar to their US
counterparts, with area closures, timing, and size
restrictions to conserve weak Canadian and US
Chinook and coho stocks. Due to the abundance
of other Chinook populations in northern British
Columbia waters, Puget Sound Chinook make up
a small portion of the catch there. However, these
fisheries can account for a large portion of the mor-
tality of Puget Sound Chinook populations originat-
ing from the north Olympic Peninsula and northern
Puget Sound.

The impact of Canadian harvest on Puget Sound
Chinook populations varies significantly for each
river system. Georgia Strait fisheries have heavy
impacts on North Sound and Hood Canal stocks.
West Coast Vancouver Island fisheries have a major
impact on all Puget Sound early and late-timed
populations of Chinook (PSIT & WDFW, 2004).
Canadian harvests generally have a higher pro-
portional impact on populations originating from
areas closer to Canada, i.e. in the Strait of Juan de
Fuca and northern Puget Sound, than on southemn
Puget Sound populations. For example, figure 3.21
shows that 73 percent of the Nooksack River early-
timed Chinook that are caught in various fisher-
ies are harvested in Canada, while the Canadian
portion of the harvest of late-timed Nisqually River
Chinook is estimated to be 30 percent . A river-by-
river summary of the geographic distribution of fish-
ing mortality, such as those shown in figure 3.21,
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Geographic Distribution of Fishing Mortality
on Nisqually River Late Chinook

[] Alaska 2%

[ Canada 30%

H Puget Sound Net 22%
[] u.S. Sport 40%

H u.s. Troll 6%

Geographic Distribution of Fishing Mortality
on Nooksack River Early Chinook

[] Alaska 1%

[0 Canada 73%

Il Puget Sound Net 3%
[[] U.S. Sport 18%

H u.s. Troll 1%

(NMFS, 2004)

is contained in the Draft Environmental Impact
Statement for the Puget Sound Chinook Harvest
Resource Management Plan (NMFS, 2004).
Because Puget Sound Chinook were listed as
threatened under the Endangered Species Act, the
US federal government was required under section
7 of the Act to conduct a consultation that consid-
ered the impacts of Chinook harvest management
under the Treaty. The consultation was completed
and the National Marine Fisheries Service issued
a Biological Opinion in November 1999 (NMFS
1999). In that Opinion, NMFS stated that:
“[Reductions pursuant to the Treaty] in combi-
nation with other reductions that may occasion-
ally be necessary in southern U.S. fisheries, will
be sufficient to meet rebuilding exploitation rate
(RER) targets for the larger, more productive
stocks in Puget Sound like Upper Skagit summer
Chinook. However, the analysis suggests that
the exploitation rate reductions secured by the
agreement will not be sufficient to meet RERs for
smaller, less productive stocks that may already
be close to critical threshold levels....However, ... it
is highly unlikely that rejection of this agreement
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would lead to a better or more restrictive man-
agement regime in the foreseeable future.” ..

"Although the exploitation rate savings secured
by the agreement for some components of

Puget Sound Chinook may not be fully sufficient,

they are very significant for many Puget Sound

stocks and for other ESUSs....NMFS concludes
that the alternative which carries the greatest
benefit for the listed Puget Sound Chinook is the
entry into force of the agreement and to employ
the mechanisms in the agreement itself to ad-
dress, more surgically, the deficiencies that are
apparent with respect to several of the individual
stocks of PS Chinook where warranted.”

(NMFS 1999)

Tribal and state co-managers of Puget Sound
Chinook remain concerned about the increased risk
of under-escapement for some depressed Puget
Sound Chinook under current levels of Canadian
and Alaskan impacts and the additional constraints
on Washington fisheries required to protect Chi-
nook. The topic will be discussed during the devel-
opment of a new Chinook regime for fisheries after
2008. In the interim, the tribal,

coastal areas and the mouth of the Strait of Juan
de Fuca. Less than one percent of most of the
individual Puget Sound Chinook populations is esti-
mated to be harvested along the Washington coast.
However, the rates vary annually depending on the
abundance of Columbia River and British Columbia
Chinook, which are co-mingled with Puget Sound
stocks, as well as Chinook from local coastal rivers
(PSIT and WDFW, 2004) and (NMFS, 2004).

Commercial Fisheries off the Washington Coast:
A Chinook troll fishery occurs 10 to 40 miles
offshore and targets the harvest of Chinook in May
and June, and coho in July through mid-September.
Quotas (catch ceilings) are developed during pre-
season harvest planning and are modified annually
due to the variation in abundance of the species.
From 1998 to 2004, commercial troll catch along
the Washington coast has ranged from approxi-
mately 18,000 to 94,000 (Figure 3.22).
Recent ocean fishing opportunities and catches
have increased as ocean survival conditions be-
came more favorable in the early 2000s, yielding
higher abundances for most salmon stocks.

state and federal managers have ;
o o ) Year Treaty Troll Non-Treaty Troll Recreational Total
indicated their intent to continue 1998 14,859 5929 2,187 22,975
to work with Canadian managers 1999 27,664 17,456 9,887 55,007
_ 2000 7,770 10,269 8,478 26,517
both to employ the mechanisms 2001 28,100 21,229 22,974 72,303
of the agreement and to find op- 2002 39,184 53,819 57,821 150,824
- _ 2003 34,629 56,202 34,183 125,014
portunities for reductions beyond 2004 49,175 35,372 24,910 109,457

those provided in the agreement

that may be needed to address

critical conservation concerns

and that would provide addition-

al benefits for Puget Sound Chinook populations.

Ocean Fisheries along the Washington Coast

Because most Puget Sound Chinook migrate
north to Canadian and Alaskan waters, Puget Sound
Chinook populations comprise less than 10 percent
of the Washington coastal troll and sport catch
overall. The contribution of Puget Sound popula-
tions to the catch is generally higher in the northern
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Recreational Fisheries along the
Washington Coast:

Recreational fisheries in Washington ocean areas
are also conducted under specific quotas and al-
locations, and are monitored by WDFW at each port
to keep within the quotas. From 1998 to 2004,
the recreational Chinook catch ranged from 2,200
to 58,000.
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areas such as Bellingham/Samish Bay and
gﬂ:‘:r?:sc.ﬂt:::ei: s"ﬁihsia':ﬁ??ggzea" & Puget Sound the Nooksack River; Tulalip Bay; Elliott Bay
900 and the Duwamish River; Lake Washington;
'g ‘7’23 the Puyallup River; the Nisqually River; Budd
E 600 Inlet; Chambers Bay; Sinclair Inlet; southern
% Zgg Hood Canal; and the Skokomish River.
Z 300 129,000 = Commercial troll fisheries directed at
2 200 Chinook occur in the western Strait of Juan
S 100 . . .
0 de Fuca in the winter and early spring, but
8 3 § g g g § 2 g g % g § g g § g are closed in mid-April to mid-June to protect
E? § vear maturing early-timed Chinook. Portions of
- the western Strait fishery are managed under
ocean troll regulations, and schedules and
quotas differ in these areas. The annual
harvest of the directed troll fishery in the
Puget Sound and Strait of Juan de Fuca western Strait of Juan de Fuca generally ranged
Fisheries from 1,000 to 3,000 from 1997 to 2003 (PSIT

& WDFW, 2004; WDFW, 2005). A harvest of
20,197 Chinook occurred in the 2004 - 2005
treaty troll fishery in the western Strait of Juan

Commercial Chinook Harvest in Puget Sound
and the Strait of Juan de Fuca:

PAGE

de Fuca. Pre-season projected total catch for

the Strait troll fishery was 2,650 Chinook. The
fishery was closed on February 3, 2005 in or-
der to limit catch to near 20,000 (Makah Tribe
& NWIFC, via WDFW, 2005).

“Total commercial net and troll harvest of
Chinook salmon [in Puget Sound] has fallen from
levels in excess of 200,000 in the 1980’s to an
average of 64,000 Chinook salmon for the period

1997 through 2001." (NMFS, 2004)
Incidental Catch: Most of the commercial har-

vest of Chinook in Puget Sound waters consists of
Commercial fisheries for Chinook

in the Puget Sound region consist
of small-scale directed fisheries
targeting hatchery populations, com-
mercial troll fisheries in the western
Strait of Juan de Fuca, and the
incidental catch of Chinook during
fisheries on other species. These
fisheries are subject to seasonal and
area closures to protect threatened
populations.

Commercial directed:
= A few commercial fisheries
that are generally directed at
abundant hatchery Chinook

production occur in terminal

Photo by Dan Kowalski
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Catch (thousands of fish)

Year Chinook Coho Pink 2 Sockeye Chum
1971-1975 165.1 7484 2,055.4 2,192.0 408.4
1976-1980 2395 901.1 3,091.1 1,365.4 699.4
1981-1985 2289 950.8 3,303.5 1,833.5 750.3
1986 22238 1,342.1 1 2,735.6 1,147.1
1987 212.1 1,769.6 2,063.0 1,9383 1,282.0
1988 230.6 12284 1 838.1 1,552.1
1989 250.4 958.7 3,419.7 22374 877.1
1990 247.9 1,058.4 3 2,151.9 1,092.4
1991 140.8 591.4 3,284.8 1,814.2 1,012.9
1992 111.7 3942 2 605.9 1,363.7
1993 81.1 1845 2,090.0 2,690.2 1,114.4
1994 84.6 4525 2 1,8377 1,350.8
1995 78.4 296.4 2,701.9 406.1 7402
1996 76.5 161.7 1 3179 779.6
1997 774 145.0 1,876.5 1,362.7 4166
1998 54.0 155.1 9 537.1 816.9
1999 926 108.0 51.8 205 2489
2000 80.2 4045 4 5479 294.8
2001 1322 392.1 780.8 255.4 1,572.9
2002 1139 2983 3 476.0 1,951.5
2003 92.1 2522 12347 2734 1,542.1
2004 101.2 572.1 7 2187 1,919.1

incidental catch that is permissible in order
to provide the fishers with the opportu-
nity to fish for abundant runs from other
species. Recent regulations designed to
reduce the incidental catch and mortality
of Puget Sound Chinook have reduced the
incidental contribution to less than one
percent of the total catch of all other spe-
cies in Puget Sound fisheries (Figure 3.24)
(CWDFW, 2005 fish ticket data).

Puget Sound Recreational Harvest
Within Puget Sound, recreational fisher-
ies occur in both marine and freshwater
areas. “Since the mid-1980's, the total
annual marine harvest of Chinook salmon
has steadily declined to levels of less than
50,000 Chinook salmon in recent years.
(NMFS, 2004) (See figure 3.25.) These
fisheries occur during the summer months
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Photo by Dan Kowalski.
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ure 3.26). Since these fisheries occur
350000 within the terminal areas of the various
300000 R salmon runs, it is easier to target a
250000 e » directed harvest on stronger salmon
Pl populations than is possible in pre-ter-
200000 p| ° O minal areas.
150000 > A
'/I\.,./\\é Ceremonial and
100000 \A\ 9‘2\\ T, Subsistence Fisheries
50000 . A 'O‘/ \ The treaty Indian tribes of western
0 Washington also schedule “ceremonial
1980 1985 1990 1993 2000 2005 and subsistence” fisheries for Chinook
[ @Chinook @Coho APink Chum| salmon and other species. Subsistence
fishing provides tribal members with
basic nutritional benefits from eating
salmon, and the economic and person-
al reward derived from catching one's
10000 own food. At many tribes, subsistence
9000 fishing is regulated on a structure paral-
8000 /'\\ lel to the Washington State recreational
7000 / fisheries, with punch cards or forms
6000 . N/ ® to report catches and similar sea-
3000 / N\ sonal and area openings. Some tribes
::g: o« / ¥ utilize standard fish reporting tickets
2000 \.\‘/ to report ceremonial and subsistence
1000 catch. Ceremonial fisheries occur in
o \ \ \ \ \ \ \ response to the cultural and traditional
1986 1988 1990 1992 1994 1996 1998 2000 2002

needs of the tribes, and are generally
scheduled as needed for funerals, first

targeted primarily on coho and Chinook salmon,
and continue during the fall and winter to target im-
mature Chinook salmon called “Blackmouth.”

The recreational catches of Chinook in Puget
Sound marine waters have been constrained in
a similar manner to commercial fisheries in an
effort to protect weak Chinook populations. As a
response to increasingly restricted bag limits and
shorter fishing seasons in open marine waters to
preserve commingled weaker populations, the
recreational harvest of Chinook in freshwater areas
has shown an increase since the early 1990s (fig-

108

salmon ceremonies, annual gatherings

and other tribal ceremonies involving

the full tribal community. Ceremonial
and subsistence harvests are small in proportion to
commercial and recreational catches, with annual
harvest of a few hundred Chinook or less. Such
fisheries typically open for a few hours or days, with
participation limited to one or few boats.
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“When times were tough, | remember my dad
bringing home salmon to feed us and he'd bring
some for the neighbors too. It isn't just enough for
us to protect the salmon; It is part of our culture to
consume them as well”

Terry Williams, Tulalip Tribes

Harvest Effects on Hood Canal
Summer Chum

Although fisheries are not directed on Hood
Canal summer chum a sizeable number of Hood
Canal summer chum have been harvested inciden-
tally during fisheries directed at Chinook and coho,
which have overlapping

of decline for the Hood
Canal summer chum in
its 1998 status review
(NMFS/BRT, 1998).
Prior to 1974, com-
mercial salmon fishing
was prohibited in Hood
Canal, with the exception
of the Skokomish Indian
Reservation. Following
the opening of commer-
cial fishing in the Canal in
1974, incidental harvest
rates of summer chum
climbed rapidly, reaching
50-80 percent in most of
the Canal, and exceeding
90 percent in some areas
in the 1980s. During
the high harvest years, harvest rates on individual
summer chum populations averaged 20 percent
(NMFS/BRT, 2003).

Summer chum salmon are also harvested inci-
dentally in British Columbia in pink and sockeye
fisheries in the Strait of Juan de Fuca, Johnstone
and Georgia Straits; and in troll fisheries off the
west coast of Vancouver Island (63 FR, 11774-
11795). Canadian harvest declined in the 1990s
due to significant reductions in coho and sockeye
fishing. Chum salmon are regulated in the same
major harvest management forums as Chinook.

In 1991, coho salmon fishing in the main part
of Hood Canal was closed by the co-managers to

Photo by Dan Kowalski.

run timing.  Substan Population 1974 - 1979 mean | 1980 - 1991 mean 2000 - 2004 mean
tial incidental catches P exploitation rate (%) | exploitation rate (%) exploitation rate (%)
in Strait of Juan de Combined Quilcene 29.6 90.4 14.1
Dosewallips 24.4 479 1.5
Fuca and Hood Canal Duckabush 244 479 15
- - . Hamma Hamma 24.4 479 1.5
fisheries in the 1980s Jimmycomelately 9.4 21.2 0.4
prompted the NMFS Lilliwaup 24.4 479 15
) . . Salmon 1.9 212 0.5
Biological Review Team Show o 15 05
to consider past harvest [ Union 576 54.9 15

levels to be a factor
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protect natural coho runs, and modifications were
made to the remaining coho and Chinook fisher-
ies throughout Puget Sound to protect summer
chum. As a result of these efforts, exploitation rates
on summer chum in Hood Canal have declined
greatly, and have dropped to a cumulative average
(including Canadian fisheries) of five percent or less
in recent years.

Additional information on the effects of harvest
management on Hood Canal Summer Chum is
contained in the Summer Chum Conservation
Initiative (WDFW & PNPTT, 2000) and the Hood
Canal/ Eastern Strait of Juan de Fuca Summer
Chum Salmon Recovery Plan (in progress) by the
Hood Canal Coordinating Council.

Harvest Effects on Coastal/Puget
Sound Bull Trout

Core bull trout areas in the Olympic Peninsula
and Puget Sound Management Units have expe-
rienced current and historical impacts to bull trout
from fisheries management. Incidental mortality to
bull trout during recreational fisheries and the com-
mercial harvest of other salmonid species is consid-
ered to be a major factor leading to the decline in
bull trout abundance. As a predatory species, bull
trout have also suffered from the decline of local
populations of salmon.

Although char have not historically been the
target of recreational anglers in the Coastal/Puget
Sound region, it is believed that the inciden-

responded to restrictions on harvest. For example,
prior to 1994, bull trout/Dolly Varden were allowed
to be kept as part of the general trout bag limit in
the North Fork of the Skykomish River. In 1994,
WDFW enacted a conservation measure that disal-
lowed retention of bull trout in key bull trout areas.
A three-fold increase in bull trout redds in the North
Fork Skykomish followed (figure 3.28; WDFW,
2005).

In addition to recreational fisheries, the illegal
harvest of bull trout persists in some core areas
within Puget Sound and may have significant local-
ized impacts. These activities are difficult to enforce
due to the remote nature of bull trout spawning
areas. The tendency of bull trout to aggregate
prior to spawning also makes them vulnerable to
illegal harvest. The USFWS identified a number of
illegal harvest hot spots in the Puget Sound region,
which are primarily located adjacent to upper river
campgrounds.

Commercial gill net fisheries that target steelhead
and salmon near the mouths of Olympic Peninsula
rivers are also associated with bull trout mortalities.
Additional information on the relationship between
fisheries management and bull trout related to sea-
sons, bag limits, and fishing locations is contained
in the Draft Recovery Plan for the Coastal-Puget
Sound Distinct Population Segment of Bull Trout
(USFWS, 2004).

tal catches of bull trout during fisheries for
steelhead, trout and salmon exceeded the
population’s productivity. As bull trout mature
slowly, harvest that occurs prior to full maturity
and reproduction has a significant impact on
their viability. The migratory nature of bull trout
between freshwater and saltwater causes them
to pass through various harvest locations repeat-
edly during their life cycle. Bull trout are also
highly susceptible to hooking mortality during
other targeted recreational fisheries.
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Unlike some Chinook salmon populations,
bull trout in some core areas appear to have
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The Effect of Hatcheries on Puget Sound Chinook, Hood
Canal Summer Chum, and Coastal/Puget Sound Bull Trout

“Hatcheries of the future must be different from those of the past. There is both need
and opportunity to make them better by ensuring that they are more consistent with
ecological and genetic/evolutionary principles.”

Conclusions of the Hatchery Scientific Review Group, 2004

The artificial propagation of salmon in Puget Sound began with a hatchery on the Baker River in 1896. Hatch-
eries were traditionally operated for two main purposes-to mitigate for the reduction of salmon runs due to the
construction of dams and other habitat loss, and to increase the number of fish available for harvest.

The science and practice of hatchery operation has advanced significantly over the past 100 years, but hatchery
intervention into salmon runs has created long term genetic and evolutionary consequences that may never

be fully mended. Hatchery management today still seeks to provide opportunity for fishers where the negative
consequences of artificial propagation can be minimized and isolated. Additionally, many hatchery programs are
now utilized as tools to salvage the remaining salmon populations and help maintain them as they rebuild to
self-sustaining and harvestable levels. Hatcheries alone cannot achieve this goal, and it is widely recognized that
they must operate hand-in-hand with habitat restoration if future salmon are to find a home.

History of Hatchery Production in Puget Sound

Washington hatcheries are one of the largest producers of Chinook salmon in North America. The earliest
hatcheries were not built specifically for Chinook propagation, but hatchery managers soon focused on that spe-
cies. Early propagation entailed the collection of eggs, often by installing a weir in the river to impede upstream
migration by adult Chinook, and releasing the hatched fry with little or no rearing. Hatchery managers rapidly
learned that survival would increase by feeding and rearing the fry to a larger size for at least a few months.
Experimentation with the release of larger juvenile salmon as sub-yearlings or yearling smolts led to the use of
these long term rearing methods as the predominant strategy for Chinook hatchery production.

Puget Sound Hatchery Production

Hatchery releases in most Puget Sound rivers began near the turn of the 19th-20th centuries. Since 1935,
WDFW and the tribes have released approximately 2.5 billion Chinook salmon into Puget Sound regional waters
from hatchery programs (WDFW&PSTT, 2004). The juveniles released ranged from a month to over a year old.
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Egg Transfers and the Development

of Broodstocks

As hatchery production increased, hatchery man-
agers began to utilize the “broodstock” from a few

abundant watersheds to provide the eggs for an
entire region. Between 1913 and 1927, Puget
Sound hatcheries imported large numbers of
Chinook salmon eggs from the lower Columbia
River Basin. However the majority of Chinook

salmon eggs for hatchery fall Chinook production in
Puget Sound came from the Green River Hatchery.

“From 1904-1913 and 1927-1957, releases from
the Green river Hatchery averaged 69.9% and

67.7%, respectively, of all Chinook salmon releases

"

(WDFW & PSTT, 2004). Hatchery managers as-
sumed that fish of the same species were inter-
changeable, and fish were transferred to water-
sheds without awareness of the impacts to genetic
diversity and fish health. The portion of Chinook
produced by the Green River Hatchery diminished
after the 1950's, but transfers of Green River eggs
to numerous Puget Sound rivers continued until

WRIA - Drainage Years Planted with Chi- Total Number Chinook released | Chinook released
nook Released from WDFW Hatch- | from tribal Hatch-
(1950-1997) eries, (1998-2003) | eries (1998-2003)
WRIA T -
Nooksack R. 1899-1929, 1952-present 161,197,000 10,042,451 10,663,202
Samish R. (1899) 1914-present 198,347,000 25,127,782 —
WRIA 3 and 4 -
Skagit R. 1906-present 88,368,000 4,023,433 —
WRIA 5 -
Stillaguamish R. 1905-15, 54, 57-present 16,861,000 1,069,135 299,686
WRIA 7 -
Snohomish R. 1900-66, 89-93 2,729,000 — —
Snoqualmie R. 1904-60, 63-75, 77 74,077,000 - —
Skykomish R. 1904-51, 53-present 1,457,000 7,629,732 —
WRIA 8 -
Lake Washington 1920-present 126,880,000 12,715,542 —
WRIA 9 -
Duwamish/Green R. 1909-present 206,446,000 27951,428 3,558,280
WRIA 10 -
Puyallup R. 1917-present 2,480,000 10,021,800 2,600,586
White R. 1901-08, 1990-present 87,477,000 — 5,314,045
WRIA 11 -
Nisqually R. (1899-) 1937-present 63,179,000 — 27,158,288
WRIA 16 -
Skokomish R. 1899-1922, 1957(?) -pres- | 5,734,000 22,996,303 1,421,655
Hamma Hamma R. ent 4,175,000 375,400 -
Dosewallips R. 1971-92 117,730,000 — —
Duckabush R. 1959-92 3,745,000 — —
1959-92
WRIA 17 -
Big Quilcene R. 1900-96 27,733,000 - -
WRIA 18 -
Dungeness R. 1902-82, 1996-present 48,768,000 9,293,796 -
Elwha R. 1914 -7; 1953-present 17,416,000 18,514,493 -
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Figure 3.30 Current annual releases, and average annual releases, from 1980-1990 of non-indigenous and indigenous brood stocks in river
systems with indigenous populations in the Puget Sound by WDFW and the tribes. Some river systems contain more than one indigenous
population. Indigenous hatchery stocks in the Elwha, Dungeness, White, Stillaguamish, and Nooksack Rivers were identified by NMFS as

essential for recovery.

the early 1990's. Two fundamental changes led to
reforms in the late 1980s. As a result of the Puget
Sound Salmon Management Plan, the co-managers
developed the Co-managers’ Salmon Disease Con-
trol Policy, which limited transfers of eggs to prevent
spread of fish diseases, and in 1991 the co-manag-
ers developed the Wild Stock Restoration Initiative,
which gave new emphasis to indigenous stocks. In
recent years, indigenous stocks are being utilized as
the broodstock for their home watersheds unless
the local population is extinct.

U.S. v. Washington and the Puget Sound
Salmon Management Plan

The affirmation of treaty Indian fishing rights in
Washington added support to the concept of bas-
ing hatchery management on the production of fish
from river-specific stocks. Tribes were legally bound
to fish in designated “usual and accustomed fishing

SHARED STRATEGY FOR PUGET SOUND

areas,” thus they sought to build hatcheries and
improve production where it would increase fishing
opportunity in traditional fishing areas. Many of
these areas had long been closed to fishing due to
declining runs and interceptions by fisheries in the
ocean and Puget Sound.

During legal arguments over the allocation of
fish produced from hatcheries in the 1980's, the

Photo by K. Rawson.
The Bernie Kai-Kai Gobin Hatchery on the Tulalip Reservation.
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court recognized the role of hatcheries in providing
harvest opportunity:

The hatchery programs have served a mitigat-
ing function since their inception in 1895. (506
Supp. At 198.) They are designed essentially to
replace natural fish lost to non-Indian degradation
of the habitat and commercialization of the fishing
industry. Id. Under these circumstances, it is only
just to consider such replacement fish as subject
to allocation. For the tribes to bear the full burden
of the decline caused by the non-Indian neighbors
without sharing the replacement achieved through

PUGET SOUND
th communities to restore salmon
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Figure 3.31 Hatchery locations in the Shared Strategy Planning Area.
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the hatcheries, would be an inequity and inconsis-
tent with the Treaty.

United States v. Washington,
759 f.2d 1353m 1360 (9th Cir) (en banc), cer.
Denied, 474 U.S. 994 (1985)

United States v. Washington provides the legal
structure for hatchery management in western
Washington. The Puget Sound Salmon Manage-
ment Plan (PSSMP) was entered as a court-or-
dered agreement in 1985 between state and
tribal co-managers to provide the framework for
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the operation of hatchery programs and harvest
opportunities. The PSSMP defines harvest manage-
ment procedures and the basis for artificial produc-
tion objectives and levels of production. Within the
framework of the PSSMP, co-managers have pre-
pared documents to describe facilities; species cul-
tured; the source of broodstock; hatchery practices
including transfers, rearing, and release; production
goals and contingency plans. An annual forum is
held to discuss and coordinate proposed program
changes between the co-managers and other af-
fected parties. Production changes or closures due
to budget constraints may have disproportionate ef-
fects on various fisheries harvest opportunities, and
continue to be the subject of discussion between
the co-management entities.

Negotiations to prepare plans designating annual
production levels, locations and broodstock use
have continued to be based on the Puget Sound
Salmon Management Plan since the 1980s. Co-
managers have coordinated the implementation
of the PSSMP with the recent review of hatchery
operations in Washington by the Hatchery Scientific
Review Group and with recovery planning under
the Endangered Species Act

The Use of Hatcheries for Conservation
and Recovery

Hatchery programs initiated to help wild stocks
recover are managed to minimize adverse genetic

Photo by Scott Chitwood, courtesy of the Jamestown S'Klallam Tribe.
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and fish health effects which can be associated with
long-term hatchery programs. Most conservation
programs are considered to be drastic temporary
measures, implemented as genetic life-support
systems until habitat can be recovered sufficiently
to support the indigenous population without inter-
vention.

In the late 1970s and 1980s, the decline of sev-
eral important wild stocks of Chinook salmon was
so apparent that fisheries managers proposed using
hatcheries to prevent their extinction.

“In the White River, for example, annual returns
of 5,000 spring Chinook salmon had declined
into the teens. In 1977, WDFW began an inten-
sive captive/gene banking hatchery program to
maintain these fish before they became extinct.
Programs for other populations soon followed for
Chinook salmon in the Nooksack, Elwha, Stillagua-
mish and Dungeness Rivers. Currently, approxi-
mately one-third of hatchery programs statewide
focus on maintaining and rebuilding wild salmon
runs.” (WDFW & PSTT, 2004)

Due to the critical status of Hood Canal sum-
mer chum salmon populations, supplementation
programs were implemented by WDFW, Puget
Sound tribes, volunteer groups and USFWS in
several eastern Strait of Juan de Fuca and Hood
Canal rivers. The use of hatchery supplementation
programs is an integral part of the Summer Chum
Salmon Conservation Initiative (WDFW, Point No
Point Treaty Tribes, 2000).

“With the loss of so many populations prior to
our knowledge of stock structure, the historic rich-
ness of the salmon and steelhead resource of the
West Coast will never be known. However, it is
clear that what has survived is a small proportion
of what once existed, and what remains is substan-
tially at risk.”

Williams, Nehlson et al.
as quoted by NRC, 1996
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Hatchery Hazards and Risks

Concerns over the artificial propagation of salmon
date back at least 150 years to the early days of
salmon culture, when a Scottish critic calling himself
“Salmo” harangued hatchery proponents as, “men
of tanks and incubators... and feeble drivellers who
have voted [the salmon] incompetent to discharge
the functions which constitute the chief end and
object of her existence.” (Lichatowich, 1999) The
advocates of hatcheries in the Pacific Northwest in
the late 19th century were highly optimistic about
the potential contribution hatcheries could make
to Northwest rivers, but recognized that the suc-
cessful transplant of salmon to other streams
would require similar river conditions and careful
management.

Although hatcheries have significant roles in
recovering species and providing harvest opportu-
nity, unless they are carefully managed a number of
potential hazards stem from their operation (Busack
and Currens, 1995):

= Long lasting changes to the genetic composi-
tion of salmon populations may occur due to
the large numbers of hatchery fish that are
released, altering the proportion and flow of
genes among wild populations.

= Hatchery programs may lead to domestication
by unintentionally or intentionally selecting for
physical traits and behaviors that improve the
chance of fish surviving in the hatchery environ-
ment. These characteristics have the potential
to lower the fitness of salmon populations to
survive and reproduce successfully in the wild.

= The physical layout and management of hatch-
ery facilities themselves may create adverse
effects through the removal of stream flow,
placement of structures in the flood plain and
the emission of effluent.

= Ecological effects occur when hatchery fish
compete with naturally-spawned populations
for territory and food, or when other hatch-
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ery-produced species prey upon threatened
populations.

= The risk of disease is elevated in the highly
dense hatchery environment, and can spread
to wild populations.

= Hatchery production may increase the risk
of overharvest of wild fish if harvest regimes
target areas where the threatened populations
are mixed in with hatchery runs, unless these
fisheries are carefully managed for the needs
of wild fish.

Loss of Population Identity

Natural populations of salmon are negatively
affected by “gene flow,” the transfer of genes from
hatchery populations to natural ones. Recent stud-
ies have indicated that the greater the amount of
gene flow and the dissimilarity between the hatch-
ery and wild fish populations in a given watershed,
the greater the negative genetic effects. Gene flow
can cause a loss in unique identity and traits among
natural populations of salmon, and within individual
populations that receive hatchery fish.

The reduction in diversity among natural popula-
tions can result where a single hatchery stock is
propagated over a wide area, such as the common
practice of using Green River Chinook eggs for
many decades in Puget Sound.

“Mass transfers of salmon between rivers dis-
rupted thousands of years of reproductive isolation
and destroyed the adaptive relationship between
the salmon and their home stream. The newly
hatched fry, deposited in rivers distant from their
natal stream, had to face a new set of survival
challenges that were not part of their evolutionary
legacy. The advantages of local adaptation
(Lichatowich, 1999)

Similarly, changes in diversity can occur within
individual populations receiving hatchery fish. “A
reduction in diversity and the effective size of the
wild population can result from ‘genetic swamp-
ing," where a large number of hatchery fish from
relatively few parents interbreed with wild fish,”
(HSRG, 2004).

were lost..”
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The loss of genetic diversity may result in a
decrease of the viability of a local salmon popula-
tion in two ways: 1) Loss of adaptation may occur
when genes that evolved in a non-local environ-
ment replace those that were locally adapted; and
2) hybridization results in recombinations of sets
of genes that were favorable to a local popula-
tion, leading to loss of individual performance and
population productivity that may not show up for a
generation or more.

Loss of Fitness

Loss of fitness can occur because of domestica-
tion, which is the change in the genetic composi-
tion of a population as a result of selection for an
artificial, captive environment (Busack and Currens,
1995). Fish rearing in a hatchery for all or a portion
of their life experience very different environments
than fish living in the wild. Fish with genetic traits
that allow them to perform well in the wild may not
survive as well in hatchery environments. Con-
versely, fish with genetic traits that allow them to
survive better in the hatchery environments often
perform more poorly in the wild. Hatchery envi-
ronments tend to select for fish that do well in the
hatchery environment.

Because hatcheries can successfully produce
large numbers of fish, this can change the overall
genetic composition of the population. Over time,
if fish adapted to the hatchery return to spawn in
the wild or natural-origin fish are used to produce
fish in the hatchery, the population is forced to
adapt to two different environments, which
lowers the overall performance or fitness of the
population.

Effects of Hatchery Facilities

Most hatcheries withdraw water from seg-
ments of a stream as the water passes through
the hatchery facilities and is then returned further
downstream. In some cases, diminished flow can
be severe enough to affect migration and spawning
behavior. Injuries and mortalities can occur at the

SHARED STRATEGY FOR PUGET SOUND

screens where water is withdrawn. Hatchery efflu-
ent can change water temperatures as well as other
chemical and nutrient levels.

Hatcheries that are utilized to incubate or rear
threatened populations also present special risks, as
the concentration of a large number of these pre-
cious eggs in a single "basket” raises the possibility
of a catastrophic loss if equipment breaks down
or water lines freeze. Restoration hatchery pro-
grams also run the risk of “mining” the broodstock
population if they are unable to produce as many
successful returning spawners as the remaining wild
component of the population. Recent plans and
reform initiatives have identified a number of po-
tentially adverse impacts at Puget Sound hatcheries.
Specific recommendations and actions to upgrade
hatchery facilities and operations to reduce the risk
to threatened populations have been incorporated
into Hatchery Genetic Management Plans and local
watershed plans, and implementation has com-
menced in many locations.

Ecological Effects

Ecological effects of hatchery fish include preda-
tion and competition for food and space. Hatch-
ery-origin fish may prey upon juvenile wild Chinook
in freshwater and estuarine areas, or compete for
limited food supplies and territory. A large mass of
migrating hatchery fish may also attract concentra-
tions of birds, fish and seals, which contribute to
predation on wild populations as well. A number of
procedural changes have been incorporated by the
co-managers in the operation of hatchery programs
to minimize the risks to threatened populations,
including alterations in the number, timing and loca-
tion of releases of hatchery-produced fish.

Potential threats to Hood Canal summer chum
salmon from negative interactions with hatchery
fish (late-timed Chinook, coho, pink, and fall chum
salmon) through predation, competition, behavior
modification or disease transfer were identified by
the NMFS Chum Biological Review Team (2003).
However, NMFS indicated that specific mitigation
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measures for hatchery programs which presented
a risk to summer chum had been identified and
largely implemented by 2000. Continued evalua-
tion and reporting on hatchery threats to summer
chum is conducted by WDFW and the Point No
Point Treaty Tribes through the Summer Chum
Conservation Initiative (WDFW, PNPTT; 2000 and
updates).

Disease Transfer

Although the pathogens responsible for fish
diseases are present in both hatchery and natu-
ral populations, hatchery-origin fish may have an
increased risk of carrying fish disease pathogens be-
cause the higher densities of rearing in the hatchery
may stress fish and lower immune responses. A
salmonid disease control policy was adopted by
Puget Sound co-managers in 1998 to specify mini-
mum fish health standards and conditions and pro-
cedures for egg and fish transfers, health inspection
and communication (NWIFC & WDFW, 1998). The
disease control policy emphasizes the importance
of assessing the pathogen history of the fish, water
supply and watershed prior to release or transfers.

Hatchery Production and Harvest
Management

The presence of large numbers of hatchery-
produced fish in ocean and Puget Sound fisheries

is thought to have exacerbated the risk to threat-
ened populations in the past, due to the harvest
of mixed populations of wild and hatchery fish.
Naturally-spawning populations, many of which
are low in abundance and productivity, are mixed
in with populations from other river systems and
with hatchery fish, and may be overfished where
harvest rates were set high enough to take advan-
tage of the hatchery production. However, current
harvest management plans carefully control these
mixed stock fisheries for the needs of wild fish.
Additionally, managers use tools, such as time-and-
area management and mark-selective fisheries to
concentrate harvest on fish produced by hatcheries
without exceeding allowable harvest rates for wild
fish. As a result, some recreational

Tulalip Tribes Chinook Catches

and net fisheries have been main-
tained while harvest rates on most
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wild Chinook stock have been greatly
reduced over the past 10 years (see
Figure 3.32).

Until the development of “coded-
wire-tags” in the 1970's, fisheries
managers lacked tools to assess
the fate of fish once they left the
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juvenile salmon prior to release. Tags
are recovered from fish harvested
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in commercial and sport fisheries as well as the
carcasses of adults that have spawned in natural
areas or at hatcheries. The tags help managers
obtain data on specific populations, providing clues
to the proportional relationship between hatchery
and natural origin fish and where, when and how
the fish are caught.

Hatchery Threats to Bull Trout

Bull trout have not been extensively cultured
in any part of the species’ range, thus limiting
the potential genetic and biological risks associ-
ated with hatcheries. Extensive supplementation
programs are not considered to be necessary, and
the potential use of hatcheries has generally been
limited to genetic reserves and restoration restock-
ing in watersheds where a population has been
extirpated. The operation of hatchery facilities such
as weirs and water intakes may have some impacts
to bull trout, and correction of these threats is in-
tended to be integrated with other hatchery reform
efforts (USFWS, 2004). Although the interaction of
hatchery species of salmon, steelhead or cutthroat
trout with bull trout are cited as a potential threat,
it is unclear whether these species serve primarily
as prey for the bull trout, or whether they increase
competitive pressure.

Hatchery Reform

Although fish rearing practices have continually
improved in hatcheries over the last 100 years
because of advancements in science, the develop-
ment of the Puget Sound Salmon Management
Plan in 1985 provided support to fundamentally
change the direction of hatchery operations in
Washington State. Tribal and state co-managers
developed and implemented several important pro-
duction guidelines and policies, including guidelines
for fish transfers and spawning operations to mini-
mize genetic loss, a salmonid disease control policy
which limited the exchange of fish among water-
sheds to help prevent the spread of fish pathogens,
and broodstock spawning protocols. Hatchery

SHARED STRATEGY FOR PUGET SOUND

managers in the 1990s were also required to
prepare detailed operations plans and complete
permit requirements under the National Pollution
Discharge Elimination System for producing healthy
hatchery salmon populations and minimizing their
effects on wild salmon. The Wild Stock Restora-
tion Initiative began in 1991 with a comprehen-
sive assessment of the status of local salmon and
steelhead stocks by the co-managers, known as the
Salmon and Steelhead Stock Inventory (WDF et al,,
1993) which continues to be updated on a regular
basis. Further efforts by the co-managers have
included an assessment of management practices
and proposed changes, and the development of
the Wild Salmonid Policy (WDFW, 1997).

More recently, efforts toward hatchery reform
related to threatened species have occurred on two
interrelated tracks. The Hatchery Scientific Review
Group, an independent panel of scientists, was con-
vened by the US Congress to evaluate Puget Sound
hatcheries; and the State of Washington and Puget
Sound Treaty Tribes have prepared comprehensive
Chinook resource management plans for harvest
and hatchery management in response to the
status of the Chinook populations and the require-
ments of the Endangered Species Act.

Hatchery Scientific Review Group

In 1999 the US Congress convened an indepen-
dent panel of scientists called the Hatchery Scien-
tific Review Group (HSRG) to evaluate Puget Sound
hatcheries and provide recommendations for how
hatcheries can accomplish two objectives:

1) Conserve naturally spawning salmon and

steelhead populations; and

2) Support sustainable fisheries.

The evaluation process occurred from 2000
to 2003 and a written report, Hatchery Reform:
Principles and Recommendations, was issued by
the HSRG in 2004. In addition to the two primary
objectives, the hatchery reform project was required
to consider the relationship of artificial production
programs to several legal mandates, including:
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Treaty fishing rights and co-management status
of Puget Sound Indian tribes;

= The US/Canada Salmon Treaty;

Applicable laws and responsibilities of the State
of Washington; and

= The US Endangered Species Act.

The Hatchery Scientific Review Group issued
a number of system-wide recommendations for
hatchery reform, along with approximately 1,000
program-specific recommendations across the
region. These conclusions and recommendations
may be viewed at www.hatcheryreform.org. The
HSRG also noted that a number of successful
hatchery programs are already operational, which
are helping to recover and conserve naturally
spawning populations, supporting sustainable
fisheries, and/or providing other benefits such as
education.

In addition to the scientific evaluation process,
the US Congress appropriated funding for related
research grants, implementation of early action
reform projects, and designated Long Live the Kings
(a private, non-profit organization) as the facilita-
tion and communications team for the project. The
HSRG and regional co-managers are continuing to
work on monitoring and evaluation programs.

Comprehensive Chinook Salmon Resource
Management Plan: Hatchery Component

The draft hatchery component of the Puget
Sound Comprehensive Chinook Salmon Resource
Management Plan was jointly developed by the
Washington Department of Fish and Wildlife and
the Puget Sound treaty tribes as part of the Wild
Stock Restoration Initiative and completed in 2004.
In response to ESA, it expands the biological as-
sessment of tribal hatchery programs submitted
by the Bureau of Indian Affairs as a requirement of
Section 7 of the Endangered Species Act to all state
and tribal hatcheries. It also incorporates manage-
ment alternatives developed by the tribes and the
National Marine Fisheries Service, and draws from
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the recommendations of the Hatchery Scientific
Review Group.

Several general principles guide the plan, includ-
ing the following:

= Hatchery programs need to assess and man-
age the ecological and genetic risks to natural
populations.

= Hatchery programs need to coordinate with
fishery management programs to maximize
benefits and minimize biological risks so that
they do not compromise overall plans to con-
serve populations.

= Hatchery programs need protocols to manage
risks associated with fish health, broodstock
collection, spawning, rearing, and release of ju-
veniles; disposition of adults; and catastrophes
within the hatchery.

Benefits and risks from each artificial production
program for Chinook salmon in Puget Sound were
evaluated in multiple ways, resulting in a number
of improvements and commitments to Chinook
salmon programs in the region. The plan empha-
sizes the use of indigenous broodstock, the reduc-
tion of egg and juvenile transfers between water-
sheds, the timing and location of hatchery releases
to avoid competition and predation, and a process
of adaptive management. The plan also calls for a
number of net pen and other production programs
to be terminated or reduced. State-of-the-art fish
health monitoring, facility disinfecting and disease
management procedures are established for the
operation of Puget Sound hatcheries. Specific facili-
ties upgrades for screening, rearing or incubation
are identified in some cases. The plan also calls for
a number of research, monitoring and evaluation
programs to mark fish and to determine the effects
of competition and predation between hatchery
and natural fish.

The specific details for each hatchery program
are contained in 42 Hatchery Genetic and Manage-
ment Plans developed by state and tribal fisheries
managers. A Draft Environmental Impact Statement
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for the implementation of the hatchery compo-
nent of the Comprehensive Puget Sound Chinook
Management Plan is presently in process and is
expected to be released in the summer of 2005.

NMFS Policy on the Consideration of
Hatchery-Origin Fish in ESA Listing
Determinations of Pacific Salmon

On June 3, 2004, the National Marine Fisheries
Service issued a proposed policy to address the
role of hatchery produced Pacific salmon in listing
determinations under the Endangered Species Act
(ESA) (69 FR 31354-31359). This policy super-
seded an interim policy on the artificial propagation
of salmon under the ESA that was issued in 1993.
In the past, NMFS had focused on whether the
naturally spawned fish are, by themselves, self-sus-
taining in their natural ecosystems when making
listing determinations. Generally NMFS did not
explicitly consider the contribution of hatchery fish
to the viability of threatened populations of salmon,
and the potential that the hatchery fish could
reduce the risk of extinction. A 2001 decision by
the U.S. District Court in Alsea Valley Alliance v.
Evans, 161 F. Supp. 2ad 1154 (D. Or. 2001) led to
changes in how NMFS considered hatchery fish in
population viability and extinction risk assessments.
In that ruling, U.S. District Judge Michael Hogan
found that the ESA listing for the Oregon Coastal
coho salmon Evolutionarily Significant Unit (ESU)
was invalid because the federal government did not
take into account genetically similar hatchery fish
with wild coastal coho in determining listing status.
Judge Hogan did not determine how hatchery fish
should be taken into consideration, but he did hold
that they must be considered.

Following a review of other artificial propaga-
tion policies under the Endangered Species Act,
NMFS agreed that artificial propagation may play a
supportive role in the conservation and recovery of
listed species. However, they also indicated that ar-
tificial propagation is not a substitute for addressing
factors responsible for a species’ decline, and the
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recovery of wild populations in their natural habitat
is their first priority. Additionally, they highlighted
the genetic and ecological risks that may be associ-
ated with artificial propagation, and which must be
considered in recovery planning.

In response to the Alsea Valley Alliance v. Evans
decision, and consistent with the conservation
requirements of the Endangered Species Act, NMFS
completed a proposed “Hatchery Listing Policy” de-
scribing how the agency will consider hatchery fish
in all future ESA listing determinations for Pacific
salmon. The policy was subsequently applied in
2004 in an updated species status review process
for all listed salmon evolutionarily significant units in
the Pacific Northwest and California. The proposed
policy contains five points:

+ NMFS recognized that genetic resources that
represent the ecological and genetic diversity of
a salmon species can be found in hatchery fish
as well as fish spawned in the wild.

« NMFS delineated a process for determining
which populations are included in an Evolution-
arily Significant Unit. Additionally they defined
the standards for determining how closely
natural and hatchery populations are geneti-
cally related, to serve as a threshold in deciding
whether or not the hatchery stocks should be
considered as part of the Evolutionarily Signifi-
cant Unit.

+ NMFS stated that determinations for Pacific
salmon ESUs will be based on the entire ESU
(including natural, and where appropriate
hatchery-origin salmon) but recognized the
necessity of conserving natural populations and
their habitat.

« A process for making status determinations
was described based on the concept of viable
salmon population parameters.

« The policy recognized the role of hatcheries in
fulfilling trust and treaty obligations with respect
to salmon harvest.
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Additional Factors Affecting the Species

“Pacific Northwest salmon are subject to a world of multiple stresses, including human
impacts on streamflows and salmon habitat. Climate change adds another dimension to,
and in many cases exacerbates, these stresses.”

The Climate Impacts Group at the University of Washington (2004

In addition to the “H factors” of habitat, harvest and hatcheries, Puget Sound Chinook and Coastal-Puget
Sound bull trout are affected by regional and global factors such as climate change and fluctuating ocean condi-
tions. Although it is clear that these factors directly affect salmon and bull trout, scientists are only beginning to
unravel the secrets of how these processes impact the food chain, precipitation and snowpack, and other habitat
features. Temperature conditions and ocean cycles affect migration and the abundance of predators, and are
essential in the production of the minute organisms that provide the food supply for salmon and bull trout to
grow and flourish.

At the other end of the food chain, salmon and bull trout are part of the food supply for several species of
marine mammals. The population size and feeding habits of these opportunistic predators may also have a
substantial effect on salmon and bull trout populations, particularly where human modifications and structures
make it easy for them to target specific salmon runs. However, specific information about the extent of preda-
tion by marine mammals on particular species or populations of salmon is largely unknown.

These three factors - climate change, ocean conditions, and marine mammal interactions are the focus of
considerable research related to their effects on salmon and other species of fish. A lengthy discussion of these
factors is not possible in the Puget Sound Chinook recovery plan, thus these factors are described here in terms
of a brief description of research findings and sources of additional information. Although the residents of Puget
Sound may not have direct influence over climate change, ocean conditions or marine mammal populations,
several of the adaptive strategies suggested by the scientific community stress the need to ensure that local hab-
itat conditions are protected and restored as a buffer against the coming changes, and that harvest and hatchery
management consider these long term factors in their decision-making.

Climate Change in the Pacific Northwest

Data collected during the 20th century revealed widespread increases in average annual temperature and
precipitation, and decreases in the April 1 snow water equivalent. Snow water equivalent is a common mea-
surement for the amount of water contained in snowpack and is an important indicator for forecasting summer
water supplies. 1990-2000 was the warmest decade on record, and was warmer than any other decade by
0.9°F (CIG, 2004).

Long term models for climate change in the 21st century show evidence of trends including, “region-wide
warming, increased precipitation, declining snowpack, earlier spring runoff, and declining trends in summer
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Indicator Observed 20* century changes

Projected mid 21% century changes

Temperature Region-wide warming of about 1.5°F (1920-2000)

+ 2020s: average increase of 2.7°F
* 2040s: average increase of 4.1°F

Precipitation Region-wide increase in precipitation since 1920

Uncertain, although most models project wetter winters and drier summers.

Continued decrease in April 1 snowpack in mid and low elevation basins.
Projected decrease in April 1 snowpack for the Cascades Mountains in

River watershed (WA) as a fraction of annual flows have
decreased 34% since 1946.

. . . ) o .
?ﬁg\lld ack gglt;stwagtg(l)gefcel‘le:es (>30%) at most monitoring staions Washington and Oregon relative to 20" century climate:
P ' « -449% by the decade of the 2020s (based on +3°F avg. temp change)
* -58% by the decade of the 2040s (based on +4.5°F avg temp change)
Timing of — . .
; Advanced 10-30 days earlier into the spring season during . .
Fuerfg;prmg the last 50 years, with greatest trends in the PNW Earlier peak spring runoff expected on the order of 4-6 weeks
E;Crllwrglneg' in sensitive PNW basins. Continued and more wide-spread declines.
Summer . ) . Example:
streamflow May-Sept inflows into Chester Morse Lake in the Cedar April-Sept natural streamflow in the Cedar River (WA) projected to decrease

35% by the 2040s (based on a 2.5°F increase in average temperature.

streamflow!” (CIG, 2004) Most of the models
predict warmer, wetter winters and warmer, drier
summers for the Pacific Northwest. Figure 3.33
contains a summary of the observed and projected
impacts of climate change relevant to salmon and
bull trout populations.

Salmon and bull trout have lived in the Pacific
Northwest for millions of years. As different species
and populations of salmon have developed over
time, they have acquired specific behaviors for their
migration, rearing and spawning life cycles that are
attuned to temperature and streamflow. This com-
plex life cycle makes it difficult to predict how they
will react to climate changes, and their response
will also vary depending on the habitat conditions
in a particular river system and estuary. Changes
in temperatures away from optimal conditions can
influence salmon and bull trout in each of their life
stages. Even a small increase in temperature can
change migration timing, reduce growth, reduce
the supply of available oxygen in the water, and
increase the susceptibility of fish to toxins, parasites
and disease. The increase in stream temperatures
can also contribute to a reduction in the preferred
species of insects that are used for food (NWF,
2005). Earlier spring runoff and lower summer
flows may make it difficult for returning adult salm-
on to negotiate obstacles. Excessively high levels
of winter flooding can scour eggs from their nests
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in the streambeds and increase mortalities among
overwintering juvenile salmon and bull trout.

Adaptive strategies to cope with the projected
changes largely focus on the need to maintain
salmon and bull trout populations through conser-
vation and restoration of freshwater and estuarine
habitat. Additionally, it has been recommended
that harvest and hatchery managers pay particular
attention to the time lag associated with impacts of
natural variability in one season on the viability of
populations in successive seasons. For example,
productivity may decline following drought condi-
tions and should be factored into hatchery produc-
tion targets and harvest regimes; similar issues are
already being considered during technical planning
forums for harvest.

The predicted increased winter flooding, de-
creased summer and fall streamflows, and elevated
warm season temperatures in the streams and
estuaries are likely to further degrade conditions for
salmon that are already stressed from habitat deg-
radation. Although the impacts of global climate
change are less clear in the ocean environment,
early modeling efforts suggest that, “warmer tem-
peratures are likely to increase ocean stratification,
which in the past has coincided with relatively poor
ocean habitat for most Pacific Northwest salmon,
herring, anchovies, and smelt populations.”

(CIG, 2004)
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Ocean Conditions

Ocean conditions influence Chinook population
abundance, distribution and survival in the marine
environment. A number of studies have indicated
that salmon survival during the first few months
at sea is linked to ocean conditions such as sea
surface temperature and salinity. This critical period
of climatic influence on their survival occurs largely
in coastal and estuarine environments. (Francis and
Mantua, 1996; NMFS, 1998) Large-scale weather
patterns affect food supplies, predator distribution
and abundance, and migratory patterns for Chinook
salmon. Climatic conditions can change the prevail-
ing currents and the associated ocean productivity
from nutrient-rich cold waters. The shifting currents,
named either “El Nino” or “La Nina,” can produce
widely varied cycles of productivity. (NMFS, 1998)

Scientists utilize several indices to look at the
changes in ocean conditions, particularly with
respect to temperatures and wind patterns. The
Pacific Decadal Oscillation (PDO) and the El Nino/
Southern Oscillation (ENSO) are cycles that appear
to have significant influence on salmon survival and
migratory patterns. During El Nino and/or warm
phase PDO cycles, higher Pacific Ocean tempera-
tures and changes in wind patterns may reduce the
upwelling of nutrients from the ocean floor, thereby
affecting the entire food web in the Pacific. Wind-
driven mixing replenishes nutrients to rich surface
waters where phytoplankton occur, thereby promot-
ing biological productivity at the base of the food
chain and working its way up to salmon and other
species of fish (NWF, 2005).

Comparisons of climate patterns with the levels
of fisheries harvest in the northeast Pacific appear
to show a relationship between these large scale
changes and several salmon populations (Francis
and Mantua, 1996; NMFS, 1998). As scientific
understanding of these processes has improved,
fisheries managers have started to utilize informa-
tion on favorable or unfavorable ocean conditions
in their harvest planning forums (NWF, 2005).
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"Anadromous salmonids have managed to
persist in the face of numerous climatic events
and changes. The long term persistence of
Chinook salmon populations depends on their
ability to withstand fluctuations in environmental
conditions. It is apparent that the combina-
tion of tremendous freshwater habitat loss, and
extremely small anadromous salmonid popula-
tions has caused these fish to be more vulner-
able to extirpation arising from natural events.
Until salmonid populations reached their recent
critical levels, these environmental conditions
largely went unnoticed. Therefore, it would seem
that environmental events and their impacts on
remaining salmonid populations may become
a more significant factor for decline as unstable
Chinook salmon populations reach particularly
low levels.” (NMFS, 1998)

Marine Mammal Interactions

Several species of marine mammals prey on
salmonid populations in the Pacific Northwest
including California sea lions (Zalophus califor-
nianus), Pacific harbor seals (Phoca vitulina) and
killer whales (Orcinus orca). Due to the depressed
status of many salmon populations, the presence of
marine mammals concurrent with salmon migration
has been identified as a concern, but the limitations
in available data make it difficult to determine the
extent of impact.

California Sea Lions and Pacific Harbor Seals

In the 1994 Amendments to the Marine Mam-
mal Protection Act, Congress directed that a
scientific study be conducted to determine whether
California sea lions and Pacific harbor seals are
having an impact on threatened and endangered
populations of salmon on the West Coast of the
United States. A working group was formed by
NMFS and submitted a report to Congress in 1997,
entitled, “Impacts of California Sea Lions and Pacific
Harbor Seals on Salmonids and on the Coastal
Ecosystems of Washington, Oregon and California.”
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The report indicated that sea lion and harbor seal
populations are increasing and interactions with
West Coast fisheries are on the rise. The working
group could not determine if these species were
having a significant negative impact on any specific
wild salmonid population, with the exception of
documented impacts to the winter steelhead popu-
lation that migrates through the Ballard Locks in
Seattle. The study identified the geographic areas
of greatest concern in each state, along with the
elements of a research program to assess impacts
(NMFS, 1997).

The population of California sea lions has been
increasing at an annual rate of about 5% per year
since the mid-1970s and their numbers were esti-
mated to be more than 161,000 off of Washington,
Oregon and California in 1994. Although they
breed and pup in southern California, male sea
lions migrate northerly along the West Coast from
September to May, coinciding with the migration of
several depressed runs of salmon. Pacific harbor
seals in the three states have been increasing at a
rate of about 5-7% annually since the mid-1970s
and the population in Washington State was esti-
mated to be 34,134 in 1993-1995.

Harbor seals are present year round in western
Washington, and California sea lions are present in
the fall, winter and spring. The geographic areas of
concern for interaction between California sea lions
and Pacific harbor seals with threatened salmonid
populations identified by the NMFS Working Group
included the following:

= Strait of Juan de Fuca/San Juan Island: The
Working Group expressed concern for preda-
tion on juvenile and adult Chinook salmon and
summer chum salmon in this area, particularly
in Discovery and Sequim Bays.

= Hood Canal: The Working Group indicated
that juvenile migration patterns in this region
make them less vulnerable to predation. How-
ever, predation on adult salmon, particularly
summer chum, was flagged as a concern.
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= Northeastern Puget Sound Bays (Bellingham
Bay, Skagit Bay): Harbor seals are present
year round and juvenile salmon are vulner-
able to predation during outmigration. During
April-to-June, both juvenile and adult salmon
from threatened populations are present and
subject to predation. California sea lions are
not considered to be a threat due to their low
abundance in these areas.

= Puget Sound: Harbor seals are present year-
round and California sea lions are present in
the fall, winter and spring. Both species have
been observed upriver for several miles in
many rivers draining into Puget Sound. “More
than 1,000 California sea lions, which occur
seasonally near the mouth of the Snohomish
River, have been observed 8-10 miles upriver
and prey on free-swimming salmonids in the
estuary. As many as 300 harbor seals haul-out
on log booms near the mouth of the Snohom-
ish River in fall and winter and have been
reported 15-20 miles upriver....In the Nisqually,
both seals and sea lions are common at the
mouth; sea lions have been observed preying
on free-swimming salmonids and have been
observed as far as 40 miles upriver”” (NMFS,
1997) The Working Group also reported
observed predation in the Green River, Ballard
Locks, Lake Washington and the White River.
Overall concemn was expressed for predation
on adult and juvenile Chinook and other sal-
monid species.

Despite these observations, the Working Group
noted that not all of the observed marine mammals
near an active salmon run are actively feeding on
salmonids. Several studies in the U.S. and Canada
indicate that most predation was attributable to a
small percentage of the observed population of
marine mammals, suggesting that removal would
not be an effective solution in many areas. The
Working Group described several measures of
harassment to deter marine mammals from fish
predation and fishing gear.
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The complexity of ecosystem level impacts
and the limited amount of information has made
it difficult to accurately estimate the amount of
biomass consumed by California sea lions and
harbor seals. Overall, the Working Group estimated
total consumption of about 217,400 metric tons
by sea lions and seals in Washington, Oregon and
California and found that it was almost half of what
had been cumulatively harvested in multi-species
commercial fisheries. Estimates of the proportion
of that consumption on individual species could not
be made. Limited studies in Everett, WA demon-
strated that the most frequent prey were Pacific
whiting and Pacific herring. Based on scat samples,
salmonid remains were found in 2% of the harbor
seal samples and 15% of those of the sea lions.

Killer Whales

NMFS has prepared a preliminary draft Conser-
vation Plan for Southern Resident Killer Whales
(NMFS, 2005) describing characteristics of the
three pods that reside for part of the year in the
inland waterways of the Strait of Georgia, Strait of
Juan de Fuca and Puget Sound, primarily during
the spring summer and fall. In the description of
the diet and forage behavior of the whales, NMFS
has indicated that killer whales forage on a variety
of marine species ranging from squid, sea turtles,
marine mammals, penguins and other seabirds,
to several species of fish including herring, tuna,
rays, sharks, bottom fish and salmon. Fish are the
major dietary component of resident killer whales
in the northeastern Pacific. Most of the informa-
tion about killer whale consumption comes from
the analysis of stomach contents from whales that
were stranded or those killed during commercial
whaling operations. A few studies utilizing direct
observations of feeding behavior have added new
data in recent years. Preliminary data, primarily
from a single study in British Columbia with several
data limitations, indicated that salmon were found
to represent 96% of the prey during the spring,
summer and fall.

126

“Chinook salmon were selected over other
species, comprising 65% of the salmonids taken.
This preference occurred despite the much lower
numerical abundance of Chinook in the study area
in comparison to other salmonids, and is probably
related to the species’ large size, high fat and en-
ergy content, ... and year-round occurrence in the
area.” (NMFS, 2005)

Based on estimates of food requirements and av-
erage size values for combined species of salmon,
it is thought that adult killer whales may consume
about 28-34 adult salmon daily and that younger
whales (<13 years of age) need 15-17 salmon dai-
ly to maintain their energy requirements. Although
these numbers cumulatively add up to substantial
quantities, the impact of killer whale consumption
to any particular species is generally unknown, let
alone the impact to specific populations of Chinook
in Puget Sound.

The relationship of salmon to large-scale factors
in the larger ecosystem is the subject for further
study, and points to the need to retain viable
populations that fulfill existing and future ecosystem
functions.

“Long ago my wife and | made a personal com-
mitment to accept salmon as a teacher. It's taken
us to a lot of places... Salmon can teach us where
in the world we belong and what our responsibili-
ties are.”

Tom Jay, Chimacum Creek volunteer and artist
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Technical Recovery Criteria and Goals for Puget

Sound Chinook Salmon

‘I think science is important to this process because it helps describe the vision for what a

recovered group of salmon in Puget Sound would look like, and it helps people decide how

best to get there through their actions.”

Mary Ruckelshaus, Chair; Puget Sound Technical Recovery Team

Introduction

Recovery plans prepared in response to a listing under the Endangered Species Act (ESA) are required to

include, "objective, measurable criteria which, when met, would result in a determination.... that the species be
removed from the list” It is the Puget Sound Chinook Evolutionarily Significant Unit (ESU), not the individual
Chinook populations, that constitutes the listed entity under the Endangered Species Act. A viable ESU is simi-
lar to a viable population — it is naturally self-sustaining and has a low risk of extinction. The time frame over
which scientists evaluate the risk of extinction at the ESU level is a minimum of 100 years. In order to recover
the region as a whole and meet criteria for de-listing, Puget Sound salmon recovery efforts must focus on the
four viable salmon population parameters (abundance, productivity, spatial distribution and diversity) at both
the population and ESU levels.
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= Population Viability and Watershed Goals: The Puget Sound TRT (TRT) has used historical information and

technical models to determine planning ranges for abundance and productivity that describe low risk (or
viable) characteristics for each of the 22 independent Chinook populations in Puget Sound. The TRT also
provided general guidelines for identifying spatial structure and diversity characteristics in low-risk popula-
tions. State and tribal co-managers concurrently developed a set of recovery targets for the abundance and
productivity of individual populations. Utilizing this information, several watershed-based groups involved

in salmon recovery planning have adopted measurable goals for the populations that spawn in their river
systems. Some of the watershed groups have also developed methods to assess the spatial distribution
and life history diversity of the populations within their local area.

= Viability at the ESU level: To ensure that the Puget Sound Chinook ESU will avoid extinction and persist

past the next century, the region must reduce the risk that a catastrophic event such as a massive landslide,
volcanic eruption or toxic spill will be devastating to Puget Sound Chinook, or will eliminate more of their
unique genetic and life history traits. In other words, the ESU must be resilient to the potential effects of
such an event. To accomplish this objective, five bio-geographical regions have been identified within the
Puget Sound Chinook ESU. The recovery strategy is to ensure that there are multiple viable populations in
each of the five regions to mitigate against catastrophic loss. Additionally, within each region, diverse life
history characteristics of the different Chinook populations, such as run timing, rearing strategies, and size
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Rebuilding a Viable ESU for Puget Sound Chinook Salmon
Technical Recovery Guidelines and Watershed Goals

22 Independent Chinook Populations

Planning ranges and targets for abundance and productivity
associated with low-risk status were established for each of the

’. ’. ” populations. Watershed groups adopted measurable goals for the
’. ’. ’. ’. salmon populations in their watershed.
’. ’. ’. ’. Each watershed area should strive for habitat of sufficient quality,

quantity and connectivity to support salmon populations, and to

b b p b provide opportunities for future habitat needs.
’. ’. ’. ’. Each watershed should support some of the spatial distribution

’. and diversity of life history traits that were historically present in
'. ’. their salmon population(s). The closer spatial distribution and

diversity are to historical conditions, the lower the population risk.

5 Bio-Geographical Regions

Reduce the risk of further losses to Puget Sound
Chinook by ensuring that some populations are
thriving throughout the Sound.

Nooksack Hood Canal

5 bio-geographical regions were identified within
Puget Sound based on similarities in environmental
and biological conditions in marine, freshwater and
terrestrial landscapes, and where there are common
risks of catastrophe.

South/Central

Genetic and life-history characteristics of salmon

should reflect historical patterns across the region. Whidbey

Strait of Juan de Fuca

1 Viable Evolutionarily Significant Unit

None of the remaining populations at a high risk of extinction.

At least 2-4 populations in each of the 5 regions achieve viable
levels (low risk of extinction).

The five regions each have viable populations with life history
traits that reflect historical patterns.

Habitat and population conditions across the region support
future options for Chinook to rebuild.

=
S

Puget Sound Chinook Salmon ESU

Harvest, hatchery and habitat activities are consistent with
ESU-wide recovery.
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and age at return should be represented in each of
the regions in a manner as similar to the historical
structure as possible.

The achievement of viability for the entire Puget
Sound Chinook ESU is the sum of these population
and regional objectives, along with the preserva-
tion of future options for the Chinook in all salmon
habitat types. The TRT has developed qualitative
and quantitative guidelines for recovery and delist-
ing of Puget Sound Chinook (PSTRT, 2002) that are
described further in this section. Some of the key
findings and recommendations include:

= To lower the risk of extinction of the Puget

Sound Chinook ESU, all existing independent
populations of Chinook salmon must show
improvement from their current conditions, and
some will need to attain a low risk status.

= To minimize the risk of a catastrophic loss,
viable populations of Chinook salmon must
be spread throughout the region. At least two
to four populations in each of the 5 bio-geo-
graphical regions of Puget Sound must attain a
low risk status.

= To minimize the further loss of genetic diversity
and life history characteristics of Puget Sound
Chinook, there should be at least one viable
population from each major genetic and life
history group in each of the 5 regions, based
on the historical patterns present within
that region.

The TRT recommendations also emphasize the
need to maintain regional options for Chinook in
the future. Habitat areas that are potentially used
by Chinook but not presently used must be protect-
ed. Patches of habitat of an appropriate type and
quality must be close enough together to provide
“bridging points” to allow Chinook to colonize new
areas and develop new traits over time. Popula-
tions that are not considered to be viable must not
be allowed to go extinct.
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Population Viability and
Watershed Goals

Viable salmonid populations (VSP) and their habi-
tat are the basic building blocks of a recovery plan.
The TRT has identified four parameters to describe
viability at the population level:

= Abundance: the size of the population (num-
ber of naturally spawning fish needed to
ensure that the population persists over time)

= Productivity: how many fish are produced per
adult spawner, or the overall population growth
rate (how well the population replaces itself)

= Diversity: the variation in genetic, physiological,
morphological and behavioral attributes (pro-
vide the fish with flexibility to adjust to chang-
ing environments)

= Spatial structure: the geographic distribution of
fish at all life stages; needed to protect against
a catastrophic loss in one location. This is im-
portant at both a river basin or population scale
as well as a regional scale.

These four parameters are closely interrelated
and together provide flexibility and buffer the risk
of extinction in re-building and sustaining salmon
populations. More information on VSP parameters
is located in Chapter 2 of this plan.

Chinook Planning Ranges for Abundance
and Productivity

The technical underpinnings of the recovery
guidelines for the 22 independent Chinook salmon
populations in Puget Sound are summarized in
the 2002 report, “Planning Ranges and Preliminary
Guidelines for the Delisting and Recovery of the
Puget Sound Chinook Salmon Evolutionarily Sig-
nificant Unit” by the TRT. Technical details of the
population viability analysis and the development of
the planning ranges are in process by the TRT as of
this writing (spring 2005).

The TRT integrated the results from four differ-
ent types of analysis to develop planning ranges
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Applying VSP Parameters in Determining Population Viability

NMFS has developed guidelines to use in applying the four VSP parameters to salmonid populations for
determining whether a population is viable. A complete description of these guidelines is included in
“Viable Salmon Populations and the Recovery of Evolutionarily Significant Units” (McElhany et al, 2000);
the following excerpts are included as examples. Uncertainty in data estimates for all four parameters
must be taken into account.

Abundance:

* A population should be large enough to survive, and be resilient to, environmental variations and catastro-
phes such as fluctuations in ocean conditions, local contaminant spills or landslides.

« Population size must be sufficient to maintain genetic diversity.

Productivity:

* Natural productivity should be sufficient to reproduce the population at a level of abundance that is viable.
* A viable salmon population should not exhibit sustained declines that span multiple generations.

« A viable salmon population that includes naturally spawning hatchery-origin fish should exhibit sufficient
productivity from spawners of natural origin to maintain the population without hatchery subsidy.

* Productivity should be sufficient throughout freshwater, estuarine and nearshore life stages to maintain
viable abundance levels, even during poor ocean conditions.

Spatial Structure:

* Habitat patches should not be destroyed faster than they are naturally created.

* Human actions should not increase or decrease natural rates of straying among salmon sub-populations.
Habitat patches should be close enough to allow the appropriate exchange of spawners and the expan-
sion of a population into underused patches.

» Some habitat patches may operate as highly productive sources for population production and should be
maintained.

* Due to the time lag between the appearance of empty habitat and its colonization by fish, some habitat
patches should be maintained that appear to be suitable or marginally suitable, even if they currently
contain no fish.

Diversity:

» Human-caused factors such as habitat changes, harvest pressures, artificial propagation and exotic species
introduction should not substantially alter variation in traits such as run timing, age structure, size, fecun-
dity (birth rate), morphology, behavior, and genetic characteristics.

* The rate of gene flow among populations should not be altered by human-caused factors.

* Natural processes that cause ecological variation should be maintained.
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for abundance and growth rates of viable salmon
populations in Puget Sound. Fishery records and
biological data were utilized to estimate the histori-
cal sizes of salmon populations and the variability in
the number of returning fish produced per spawner.
Other analyses looked at the amount and condition
of habitat in each watershed and its potential to
support juvenile and adult Chinook. The TRT con-
ducted population viability analyses using simple
demographic models that predict the abundance
and productivity needed for population persistence,
given the natural variability in numbers over time.
The TRT also included analyses conducted by the
co-managers that used the Ecosystem Diagnosis
and Treatment (EDT) model (Mobrand, Inc.) to pre-
dict fish abundance, productivity and diversity under
different habitat conditions in each watershed.

The EDT analyses utilized the concept of Properly
Functioning Conditions (PFC) in evaluating the
potential for habitat to support salmon abundance,
productivity and diversity. PFC refers to the habitat
conditions essential for conservation of the species,
whether important for spawning, breeding, rearing,
feeding, migration, sheltering, or other functions.
These are described in the NMFS 4(d) rule (65 FR
170) and the “Matrix of Pathways and Indicators”
(NMFS, 1996). Generally, properly functioning
conditions are based on indicators such as water
temperature, streambed sediment, hydrology, large
woody debris, and chemical contaminants.

The TRT presented viable abundance and pro-
ductivity estimates as a planning range - a broad
estimate encompassing results from the different
analyses that describes the abundance and pro-
ductivity needed for a population to be viable over
time. The ranges are large because of inherent
variation in salmon populations, uncertainty in his-
torical information, the fact that the required abun-
dance depends upon the population’s productivity,
and differences among the analyses and models.
A summary of the Puget Sound Chinook planning
ranges for abundance and productivity is contained
in Figure 4.1.
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Chinook Planning Targets for Abundance /
Productivity

State and Tribal fisheries co-managers also
participated in the development of a set of plan-
ning targets to ensure that population viability
was considered in evaluating harvest, hatchery
and habitat measures. The targets are based on
estimates of what salmon abundance can be sup-
ported by healthy salmon habitat at low productiv-
ity and high productivity. Figure 4.1 displays the
planning ranges developed by the TRT, as well as
the planning targets at low productivity and at the
maximum productivity thought to be sustainable,
given the habitat conditions assumed to be possi-
ble in each watershed. It is important to remember
that the numbers represent different points along a
population’s performance curve, and that the plan-
ning targets seek to achieve the curve as average
population performance over time. Population
abundance and productivity will vary from year to
year due to fluctuating environmental conditions.

The Shared Strategy approach relies on the work
of individual watershed planning areas toward
achieving independent population goals for their
areas. Although the planning ranges and targets
presented here are guidelines, several watershed
groups have adopted measurable goals for the
populations in their planning areas. (See water-
shed chapters.)

Spatial Structure at the Population Level

Spatial structure describes the geographic distri-
bution of salmon within a population and, more
broadly, across the habitat throughout the Puget
Sound region. Spatial structure for a particular
population generally refers to the distribution of
individual fish in the habitats they use throughout
their life cycle. The changing nature of habitat
continuously affects the pattern of occupancy of
salmon, but historically the structure of habitat pro-
vided essential features that enabled the salmon to
disperse and adjust to habitat availability.
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- Low Productivity’ High productivity?
p b L U Low Productivity Planning Target for Planning Target for
Populations abundance for Planning Range Abundance Abundance
1996 -2000 for Abundance (productivity in parentheses) (productivity in parentheses)

NF Nooksack 120 16,000 — 26,000 (1.0) 16,000 (1.0) 3,800 (3.4)
SF Nooksack 200 9,100 — 13,000 (1.0) 9,100 (1.0) 2,000 (3.6)
Lower Skagit 2,300 16,000 — 22,000 (1.0) 16,000 (1.0) 3,900 (3.0)
Upper Skagit 8,920 17,000 — 35,000 (1.0) 26,000 (1.0) 5,380 (3.8)
Upper Cascade 330 1,200 — 1,700 (1.0) 1,200 (1.0) 290 (3.0)

Lower Sauk 660 5,600 — 7,800 (1.0) 5,600 (1.0) 1,400 (3.0)
Upper Sauk 370 3,000 - 4,200 (1.0) 3,030 (1.0) 750 (3.0)

Suiattle 420 600 — 800 (1.0) 610 (1.0) 160 (2.8)

NF Stillaguamish 660 18,000 — 24,000 (1.0) 18,000 (1.0) 4,000 (3.4)
SF Stillaguamish 240 15,000 — 20,000 (1.0) 15,000 (1.0) 3,600 (3.3)
Skykomish 1,700 17,000 — 51,000 (1.0) 39,000 (1.0) 8,700 (3.4)
Snoqualmie 1,200 17,000 — 33,000 (1.0) 25,000 (1.0) 5,500 (3.6)
N Lake WA/Sammamish 194* 4,000 — 6,500 (1.0) 4,000 (1.0) 1,000 (3.0)
Cedar 398* 8,200 — 13,000 (1.0) 8,200 (1.0) 2,000 (3.1)
Green 7191% 17,000 — 37,700 (1.0) 27,000 (1.0) Unknown

White 329%* Unknown Unknown Unknown

Puyallup 2,400 17,000 — 33,000 (1.0) 18,000 (1.0) 5,300 (2.3)
Nisqually 890 13,000 — 17,000 (1.0) 13,000 (1.0) 3,400 (3.0)
Skokomish 1,500%* Unknown Unknown Unknown

Mid-Hood Canal 389 5,200 — 8,300 (1.0) 5,200 (1.0) 1,300 (3.0)
Dungeness 123* 4,700 — 8,100 (1.0) 4,700 (1.0) 1,200 (3.0)
Elwha 1,319* 17,000 — 33,000 (1.0) 17,000 (1.0) 6,900 (4.6)

*Represents spawner escapement 1987 — 2001

' The low productivity number in both the range and target represents one adult fish returning from the sea for each spawner, also called the

equilibrium point (1:1)

2 The high productivity number represents the number of spawners at the point where the population provides the highest sustainable yield for every
spawner. The productivity ratio is in parentheses for each population and represents the relationship of fish returning from the sea for each spawner,

(e.g. 3.4:1 for NF Nooksack)

In assessing spatial structure within a population,
the TRT recommended that human activities should
not change the spatial structure in a way that signifi-
cantly deviates from the historical pattern. The spa-
tial distribution of habitat within a watershed must
maintain enough quality, quantity and connectivity
of habitat patches to support spawning, rearing, and

upstream and downstream migration.

“The spatial and temporal distribution, quan-
tity, and quality of habitat (landscape structure)
dictate how effectively juvenile and adult salmon
can bridge freshwater, estuarine, nearshore and
marine habitat patches during their life cycle.”

(PSTRT 2002)

SHARED STRATEGY FOR PUGET SOUND

Salmon transit a number of different habitats dur-
ing their life cycle. Although a great deal of focus
has been placed on restoring and protecting areas
where they presently spawn, all of the freshwater,
estuarine, nearshore and marine habitats that they
utilize throughout their life are critical for survival
and recovery.

Additionally, habitat options must be preserved
for the future. Over time, salmon may re-colonize
new areas due to increases in population abun-
dance, their ability to once again access areas
where habitat was formerly blocked or degraded,
or because their present habitat areas are suffering
a decline in quality from human or natural causes.
The risk of extinction for Puget Sound salmon
populations is thus affected by the quality, quantity
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and geographic structure of habitat now, and in the
future. Some habitats not used today may be very
important tomorrow and thus must be preserved.
Spatial structure also can be threatened by exces-
sive predation, competition, harvest, or hatchery
practices in key rearing or spawning habitats.

Areas used by salmon that affect their viability
and risk of extinction include:

= Presently delineated spawning habitat for
the 22 independent populations of Chinook
salmon in the Puget Sound ESU;

= Freshwater spawning habitat in other water-
sheds of Puget Sound;

= Freshwater habitats supporting juvenile rearing
and the downstream and upstream migration
pathways; and

= Estuarine and nearshore habitat supporting
forage production, rearing and migration of
juveniles and adults.

Smaller, independent tributaries, estuaries and
nearshore habitats must support functions and
conditions that do not impede ESU viability. For
example, runoff from freshwater tributaries affects
nearshore habitats, smaller freshwater tributaries
are occasionally used by adults, and both juveniles
and adults rear in and migrate through estuarine
and nearshore habitats.

Diversity at the Population Level

“Diversity is important to population viability
since more diverse populations are better buffered
against changes in environmental conditions”
(PSTRT, 2002).

The differences in genetic structure within and
between populations, the range of adult size and
appearance, the variability and spread in the time
that fish return to the river to spawn, the range in
age at return, the variety of behaviors and other
traits are all important aspects of diversity. Salmon
populations exhibit this variation today, and this
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diversity helps them “hedge their bets” against un-
certain and variable environmental conditions. The
TRT has emphasized the importance of retaining
or restoring the historic pattern of diversity within
populations to reduce extinction risk.

Metrics for Spatial Structure and Diversity at
the Population Level

Quantitative viability criteria for spatial structure
and diversity are largely unavailable at the popula-
tion level. As discussed in the previous section, the
TRT provided watersheds with general guidance for
the importance of spatial structure and diversity,
and gave examples of different ways to indicate
these population attributes using existing data.
Some watersheds such as the Snohomish have
applied some of the TRT examples of “metrics” for
evaluating these parameters to their populations.
By mapping the current and historical use of sub-
watersheds for adult spawning and juvenile rearing,
they have been able to look at the separation of
habitat types and the types of habitats the fish can
access under different watershed conditions (figure
4.2). This information can be used to compare the
effect of alternative land use proposals on habi-
tat diversity and the spatial structure of the local
salmon population. The EDT model, used in many
watersheds to estimate population abundance and
productivity, can also summarize changes in life his-
tory diversity relative to the historical condition.

ESU-Wide Delisting and
Recovery Criteria

Scientists from the TRT and elsewhere believe
that Puget Sound was once home to more popula-
tions of Chinook with greater diversity than what
presently remains. It is estimated that at least 11
to 15 populations of Chinook salmon in Puget
Sound have already been extirpated, and most
of them were from early timed runs (NMFS/BRT,
1997; PSTRT, 2005). The disproportionate loss of
early-run life history diversity is a major loss to the
genetic and evolutionary legacy of the ESU, and
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Figure 4.2 Map depicting the change in number of wild spawners in the Snoqualmie and Skykomish populations in the Snohomish
River basin. Results are from SHIRAZ modeling. Maps created by K. Bartz, NOAA Fisheries’ NWFSC.

recovery guidelines strive to reduce the risk that the
region will have further loss.

Recovery criteria for Puget Sound Chinook are
described in “Planning Ranges and Preliminary
Guidelines for the Delisting and Recovery of the
Puget Sound Chinook Salmon Evolutionarily Sig-
nificant Unit” (PSTRT, 2002). ESU level viability
guidelines consider the risk of catastrophes and the
preservation of historical genetic, life history and
geographic diversity across the ESU.

Summary of ES