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N

ow remember this, the recovery plan must be
a living document. While we must commit to
work to make progress, we recognize that the plans
will change as firmer answers become available.
To prove or disprove the science undergirding the
plan, we must monitor our results, test our hypotheses and adaptively manage the changes necessary to
meet new data requirements or test new hypotheses.
Our knowledge of what to do is not perfect and we
should not demand perfection of our plan.
We need not await perfection before we decide to act.
We know enough to make a huge difference if we
proceed on our current knowledge.

William Ruckelshaus
Keynote speech excerpt
Shared Strategies Summit
January 26-27, 2005
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DOCUMENT ROADMAP: QUICK GUIDE TO THE SALMON HABITAT PLAN

See how the document is organized
• This matrix and the Table of Contents

See how the Salmon Habitat Plan addresses harvest and hatchery practices in
WRIA 9
• Chapter 1: Executive Summary (Section 1.11)

Read an overview of the main points of the Salmon Habitat Plan, and how the
Plan addresses Bull Trout and other species
• Chapter 1: Executive Summary (Section 1.12)
• Also see Volume II: Appendix K for a comparison between the recommendations in this Plan and
those of the U.S. Fish and Wildlife Service that will benefit Bull Trout

Understand what the Salmon Habitat Plan is and is not
• Chapter 2: Introduction

Understand the WRIA 9 Salmon habitat conservation planning process
• Chapter 2: Introduction

Learn what is being done now to protect and restore salmon habitat
• Chapter 2: Introduction Other related information: Near Term Action Agenda, May 2002 at:
http://dnr.metrokc.gov/WRIAs/9/NTAA.htm

Learn the characteristics of the WRIA 9 Watershed, causes of salmon decline
• Chapter 3: Impacts on Salmonid Habitat in WRIA 9: History, Factors of Decline, and Policy
Recommendations
• See the WRIA 9 Habitat Limiting Factors and Reconnaissance Assessment available at:
http://dnr.metrokc.gov/WRIAs/9/Recon.htm
• For saltwater habitat information, see the State of the Nearshore Ecosystem: WRIAs 8 and 9
available at:
http://dnr.metrokc.gov/wlr/Watersheds/puget/nearshore/sonr.htm

Learn about the science behind the actions
• Chapter 4: Scientific FoundationOther related information: Strategic Assessment at:
http://dnr.metrokc.gov/WRIAs/9/index.htm
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• Chapter 4: Scientific Foundation

Learn about the specific management strategies that lead to each action
• Chapter 5: Habitat Management Strategies
• Other related information: Functional Linkages Reports (Phase 1 and 2) at: http://
dnr.metrokc.gov/WRIAs/9/StratAssess.htm

Learn how ecological economics can be used to determine the value of the WRIA 9
ecosystems:
• Chapter 6: Ecological Economics Foundation

Find out what actions are recommended Watershed-wide for all local governments and other partners
• Chapter 7: Proposed Actions and Policies to Achieve a Viable Salmonid Population

Find out what actions are recommended for the specific part of the watershed
where you live, work, or play
• Chapter 7: Proposed Actions and Policies to Achieve a Viable Salmonid Population

Learn how flexible this plan is and how we can respond to changes in the future.
• Chapter 8: Implementation Strategy and
• Chapter 9: Adaptive Management and Monitoring
• Other related information: Shared Strategies Summit Platform statements at:
http://www.sharedsalmonstrategy.org/summit/index.htm

Understand how the actions can be implemented and where the money may
come from
• Chapter 8: Implementation Plan
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GLOSSARY OF TERMS
303 (d) list: Lists of all water bodies with impaired
water quality in the United States as required by the
Clean Water Act of 1973.

alluvial material, bedrock, or other material) that
obstructs flow and induces deposition.

abundance: A measure of the size of the population or
numbers of fish at each life stage. One of four viable
salmonid population (VSP) parameters.
action: The process of doing something to achieve an
aim. In this Plan, actions include both projects and
programs. In this Plan, the term actions does not
include policies.
adaptive management: A dynamic planning and
implementation process that involves applying scientific principles, methods, and tools to improve management activities incrementally, as decision makers
learn from experience and as better information and
analytical tools become available. Adaptive management involves periodic modifications of planning and
management strategies – and sometimes goals, objectives, and benchmarks – in recognition of the fact that
the future cannot be predicted perfectly. Adaptive
management requires deliberate, careful monitoring
and analysis of the results of past actions and application of those results to current decisions.
alevin: Larval salmonid that has hatched but has not
fully absorbed its yolk sac and generally has not yet
emerged from the spawning gravel.

basin: The area of land that drains water, sediment,
and dissolved materials to a common point along a
stream channel. Synonym for watershed.
buffer: An area of intact vegetation maintained
between human activities and a particular natural
feature, such as a stream. The buffer reduces potential
negative impacts by providing an area around the
feature that is unaffected by this activity.
channel migration: The area within the floodplain
where a stream or river has been and will be susceptible to channel erosion and/or channel occupation.
channelization: Straightening the meanders of a river;
often accompanied by placing riprap or concrete along
stream banks to fix the stream in its new channel.
confluence: The junction or union of two or more
streams; a body of water produced by the union of
several streams.
conservation hypothesis: A “best estimate” of how
improvements in habitat conditions and processes will
lead to improvements in the four salmon parameters
critical to viability.
conspecific: Of or belonging to the same species.

alluvial: Deposited by running water.
anadromous: Pertaining to fish that spend a part of
their life cycle in the ocean and return to freshwater
streams to spawn.
anthropogenic: Resulting from the influence of human
beings on nature
bank armoring: The artificial application of various
materials to protect streambanks from erosion by
running water. Also, the formation of an erosionresistant layer of relatively large particles on the
surface of a streambank.
bar: Ridge-like accumulation of sand, gravel, or other
alluvial material formed in the channel, along the
banks, or at the mouth of a stream where a decrease in
water velocity induced deposition. Also, a structure (of

current use assessment program: A program designed
to preserve open space/natural areas by providing tax
incentives to encourage landowners to keep their open
space-type properties in “current use.” Specifically, it
seeks to prevent the loss of open space due by taxing
land at the lower tax rates associated with agricultural
or undeveloped uses (see also Public Benefit Rating
System).
distinct spawning aggregations: A group of conspecific fish gathered for the purpose of spawning, with
fish densities or numbers significantly higher than
those found in the area of aggregation during the nonreproductive periods. Resident spawning aggregations
draw individuals from a relatively small and local area,
whereas in transient spawning aggregations individuals must travel days or weeks to reach the aggregation
site.
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diversity: Differences within and among populations
in genetic and behavioral traits. One of four viable
salmonid population (VSP) parameters.

the species. Chinook salmon in Puget Sound are
considered one ESU by NOAA Fisheries.

drainage area: Total land area draining to any point in
a stream, as measured on a map, aerial photograph, or
other horizontal, two-dimensional projection.
Ecological Synthesis Approach: A practical approach
of understanding a population within an ecosystem
based on empirical observations of how salmon
currently use habitats in the overall watershed in the
context of current versus historical habitat conditions.

fecundity: The average number of eggs produced by a
female salmon.
fingerling: A salmon that migrated from the river to
the estuary or ocean in its first year of life. Its total age
equals its marine age.
fishmix: The proper mix of substrate (gravel) sizes in
the marine nearshore that forage fish can spawn in.
floodplain: Lowland areas that are periodically
inundated by the lateral overflow of streams or rivers.

ecosystem: A biological community of interacting
organisms and their physical environment.
ecosystem management: Management that integrates
ecological relationships with sociopolitical values
toward the general goal of protecting or returning
ecosystem integrity over the long term.
Ecosystem Restoration Project/Study: In the 1990s,
the US Army Corps of Engineers, in partnership with
King County, the cities of the watershed, the
Muckleshoot and Suquamish Tribes, state agencies,
and local interests conducted the Green/Duwamish
Ecosystem Restoration Study to identify steps needed
to restore the ecosystem of the watershed. The resulting list of 45 projects is called the Green/Duwamish
Ecosystem Restoration Project. Implementation of the
first projects began in the early 2000s.
Endangered Species Act (ESA): A 1973 Act of Congress
that mandated that endangered and threatened
species of fish, wildlife, and plants be protected and
restored.
escapement: The number of fish that have survived all
causes of mortality and will comprise the spawning
populations.
estuary, estuarine: Semi-enclosed body of water that
has free connection with the open sea, and within
which seawater is measurably diluted by fresh river
water. Typically provides a greater number of ecological niches than either freshwater or marine ecosystems.
evolutionary significant unit (ESU): A population (or
group of populations) that is reproductively isolated
from other conspecific population units, and represent
an important component in the evolutionary legacy of

fry: Life stage of trout and salmon between full absorption of the yolk sac and a somewhat arbitrary
defined fingerling or parr stage, which generally is
reached by the end of the first summer.
functional linkages: The qualitative and quantitative
relationships between habitat quantity and quality and
the four viable salmonid population (VSP) parameters
of abundance, productivity, diversity, and spatial
structure.
hatchery origin recruits (HOR): Describes all fish that
are not of natural origin.
hyperosmotic: Having an osmotic pressure higher
than that of the environment. For example, a fish in
fresh water is hyperosmotic to its environment (and
hence tends to lose salts and be flooded by water).
impervious surface: An impermeable ground coverage or surface, such as a paved road, roof, sidewalk, or
structure, that alters the natural flow and quality of
water.
interlocal agreement (ILA): An agreement between
two or more governments or other partners defining
shared tasks or responsibilities. This Plan was developed under the terms of an interlocal agreement
signed by all WRIA 9 local governments and the City of
Tacoma.
large woody debris (LWD): Large woody material that
intrudes into a stream channel. Large pieces of wood
are an important part of the structural diversity of
streams. The term usually refers to pieces at least 20
inches (51cm) in diameter.
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levee: A long, narrow embankment usually built to
protect land from flooding. If built of concrete or
masonry, the structure is usually referred to as a flood
wall. Levees and floodwalls confine streamflow within
a specified area to prevent flooding. The term “dike” is
used to describe an embankment that blocks an area
on a reservoir or lake rim that is lower than the top of
the dam.
life history: The description of a species’ entire life
cycle including rearing, feeding, migratory, and
breeding behaviors.

osmoregulation: Control of the volume and composition of body fluids.

life history stage: The distinct periods in the life of a
salmonid. Typically, each life stage is associated with
particular habitat needs. Life history stages vary
among salmonids. For Chinook, life stages are egg,
alevin, fry, smolt, ocean phase (immature), and adult.
life history trajectory: Classification of salmonid
rearing based on estimated body length and approximate residence time within rearing habitats. Expression of life history trajectories depends on genetic
diversity (the propensity of juveniles rear in a given
habitat) and environmental conditions (the existence
of habitats necessary for a given trajectory). Five life
history trajectories have been identified for Green/
Duwamish River Chinook: marine-direct fry, estuarine
reared fry, lower river-reared fry, marine-direct late
migrant, and yearling.
limiting factor: Single factor that limits a system or
population from reaching its highest potential in terms
of viable salmonid population parameters.
logjam: Large accumulations of debris partially or
completely blocking the stream channel, creating
major obstructions to flow.
marine riparian vegetation: See “riparian.”
Mean Lower Low Water: The average height of the
lower low waters over a 19 year period (a tidal datum).
meander: The snake-like appearance of the reach of a
stream. More specifically, a stream reach is said to be
meandering if its length is 1.5 times (or more) the
length of the valley through which it passes.
natural origin recruit (NOR): A fish that has spent
essentially all of its life-cycle in the wild and whose
parents spawned in the wild.

necessary future conditions: An hypothesized set
of Chinook population and habitat goals and
targets considered necessary to produce desired
changes in viable salmonid population (VSP) parameters. In WRIA 9, necessary future conditions are
expected to be refined over time as understanding
improves regarding the relationships between habitat
quantity and quality and salmonid population response.

oxbow: A looping river bend or meander cut off from
the main flow by a new channel. A crescent-shaped
lake formed by the detachment of a river bend from
the main channel.
parr: Young trout or salmon actively feeding in freshwater; usually refers to young anadromous salmonids
before they migrate to salt water.
patch: A sub-unit of a landscape that exhibits consistent or homogenous properties that are different from
the surrounding area. In a riverine system, for example, a patch may refer to a gravel riffle or to a pool.
It may also refer to a pool:riffle unit that is separated
from other such units by other types of patches. In
meta-population work, a patch is often considered the
smallest unit of the landscape relevant to population
dynamics.
photic zone: The zone in a water body (lake or ocean)
extending from the surface to the depth at which
photosynthesis cannot occur due to insufficient light.
phragmites: A tall wetland grass also known as common reed. There are both native and non-native
strains of this plant in Washington. Due to its aggressive tendencies and impact to waterways, the nonnative strain was added to the State Noxious Weed List
as a Class C noxious weed in 2003.
piling groups: Groups of pilings, usually vertical
wooden poles from historical piers or buildings.
policy: As used in this Plan, a “policy” refers to highlevel guidance related to either goals or methods of
achieving those goals. In this Plan, policies are most
likely recommended for local governments and may
address land use regulations, land use incentives,
stormwater management, stewardship/public education, and internal government practices.
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pool tailout: The downstream end of a pool where the
bed surface gradually rises and the water depth
decreases. It may vary in length but usually occurs
immediately upstream of a riffle.
productivity: A measure of how well the population is
“performing” in its habitat, or the growth rate of the
population. One of four viable salmonid population
(VSP) parameters.
program or programmatic action: As used in this
Plan, a “program” refers to a body of work requiring
staffing and/or funding. For example, a program to
provide incentives to private property owners who
voluntarily protect habitat could include determining
incentives, publicizing them, and awarding them to
the property owners. In this Plan, programs focus on
weed control, stewardship/public education, internal
government practices, and other governmental efforts
to protect and restore salmon habitat either directly or
in cooperation with individuals, groups, businesses,
and other governments.
project: As used in this Plan, a “project” refers to onthe-ground efforts to protect, restore, rehabilitate, or
substitute habitat or the processes that create habitat.
Habitat protection projects typically consist of the
acquisition of specific habitat through fee-simple
purchase or purchase of a conservation easement.
Restoration, rehabilitation, or substitution projects
consist of improvements to instream, riparian, or
upland habitat through planting of native vegetation,
control of weeds, installation of large woody debris,
setting back or breaching levees, removal of bulkheads,
excavating shallow water habitat, gravel supplementation, and other physical changes that expand the
quantity of habitat or improve its quality.
protection: The maintenance of ecosystem form and
function together with the attendant processes necessary for creation and maintenance of the ecosystem.
This may also imply management of the ecosystem (or
of external influences) to maintain natural characteristics and function.

recruitment: The influx of new members into a
population by reproduction or immigration.
refugia (plural; refugium – singular): Geographic
locations where a species or population has persisted
during changed or adverse conditions such as glaciation. Also, a collection or mosaic of habitat units that
supports a persistent population during normal
environmental perturbations. Refugia occur at scales
from tens to thousands of square miles.
rehabilitation: To return to working order or to put
back into good condition. In this case, not all characteristics and functions of an ecosystem will be recovered but improvements can be made that approximate
some undisturbed forms and functions. Continual
human intervention will likely be required because
restoration of the underlying ecosystem processes has
not occurred. (National Research Council, 1992)
restoration: To return an ecosystem to a close approximation of its condition prior to disturbance; the reestablishment of pre-disturbance aquatic functions
and related physical, chemical, and biological characteristics. This requires attention to rebuilding the
entire ecosystem with attention to all functions and
characteristics, an objective that may, in practice, be
quite difficult to achieve. (National Research Council,
1992)
revetment: A facing of stone, broken rock, or other
material placed on a streambank to minimize erosion
by running water.
riffle: Shallow section of a stream or river with rapid
current and a surface broken by gravel, rubble
(cobble), or boulders.
riparian: Type of transition zone between aquatic
habitats and upland areas. Typically, lush vegetation
along a stream, river, or Puget Sound shoreline (marine
riparian vegetation).
run size: The total number of adult salmon returning
in a given year. Consists of all fish including those
harvested, those taken as broodstock for hatcheries,
and those escaping to spawn in the wild.

Public Benefit Rating System: A program in King
County that provides incentives to encourage landowners to voluntarily conserve and protect land
salmonid: Of or relating to fish of the family
resources, open space, and timber. In return for
Salmonidae, including salmon, trout, chars, whitefish,
preserving and managing resources, the land is asciscoes, and grayling. In general usage, the term most
sessed at a value consistent with its “current use”
often refers to salmon, trout, and char.
rather than the “highest and best” and as much as 90%
for the portion of the land participating in the program
(also see current use assessment program).
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seep: An area of groundwater flow to the land surface
or surface water.

that outlines how this quantity was determined and
describes the process used to determine the quantity.

setback: The repositioning of a levee or other structure
away from the edge of the river or stream. Setback
levees allow habitat to develop between the levee and
the river or stream.

trajectory: See “life history trajectory.”

Shared Strategy for Puget Sound: A collaborative
effort to protect and restore salmon runs across Puget
Sound. Shared Strategy has engaged local citizens,
tribes, technical experts and policy makers to create a
Chinook salmon recovery plan for Puget Sound.
Shared Strategy is the venue where the WRIA 9 Salmon
Habitat Plan will be integrated with other habitat,
hatchery, and harvest plans through the Puget Sound
Salmon Recovery Plan.
smolt: Juvenile salmon that are in the process of
making the necessary physiological changes for
transition from freshwater to saltwater. This is usually
the time the young salmon migrate out of the river into
the estuary, although they may continue the
smoltification process in freshwater after having
reached the estuaries.
soft armoring: The protection of streambanks or
shorelines through techniques that utilize living and
nonliving plants instead of rock revetments and
concrete bulkheads. These techniques are considered
to have higher value for fisheries, wildlife, water
quality, and aesthetic appeal.
spatial structure: Both the geographic distribution of
fish in a watershed and the physical processes that
lead to that distribution. One of four viable salmonid
population (VSP) parameters.
stray: An individual that breeds in a population other
than that of its parents.
stray rate: The proportion of a population that consists of strays.
substitution: The replacement of ecosystem form and
functions with new features that are not supported by
natural processes. Substitutions require constant
intervention to maintain the desired functions.
Total Maximum Daily Loads (TMDLs): The quantity of
a pollutant that can be assimilated by a water body and
still meet water quality objectives. The initials TMDL
also refer to the final Water Cleanup Plan document

transition zone: A location where freshwater from a
river and saltwater from the marine salt wedge mix,
creating brackish conditions. It is also often is where
the river widens, stream velocities decrease, and
estuarine mudflats begin to appear. Habitat associated
with the transition zone is particularly important for
juvenile Chinook and chum smolts making the transition to salt water. The transition zone moves upstream
and downstream in response to the combination of
stream flow and tidal elevations and thus varies over a
24 hour period and seasonally.
upland: Land areas not immediately adjacent to a
water body. All land exclusive of riparian zones and
surface freshwater. Uplands are connected to streams
through sheet flow on undeveloped or cleared lands
and through stormwater sewers and road drainage
systems.
viable salmonid population: A population that is
naturally self-sustaining and not dependent upon
artificial propagation.
viable salmonid population (VSP) parameters: The
parameters critical to a viable salmonid population:
abundance, productivity, diversity in terms of genetics
and life history, and spatial structure. See separate
definitions for abundance, productivity, diversity, and
spatial structure.
Water Resource Inventory Area (WRIA): Geographic
areas usually corresponding to major watersheds.
Washington State is divided into 62 WRIAs for water
management purposes. The Green/Duwamish Watershed and the small stream drainages from Seattle’s
Elliott Bay to Federal Way make up WRIA 9. For
salmon habitat planning purposes only, Vashon/Maury
Island is included in WRIA 9.
watershed: A basin-shaped area that drains to a
central point where it enters a larger river, lake, or the
ocean. A watershed includes freshwater ground water
and surface waters as well as the marine waters of
Puget Sound. Although technically made up of multiple watersheds or basin, the area in Water Resource
Inventory Area 9 is often simply referred to as the
Green/Duwamish and Central Puget Sound Watershed.
Synonym for basin.
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1.1 INTRODUCTION
The story of salmon in Puget Sound is one told in
rivers, streams, and the marine waters of Puget Sound.
That story of migration, spawning, growth,
abundance, and decline is a common one,
experienced by all of the watersheds in the Puget
Sound region, including the Green/Duwamish and
Central Puget Sound Watershed (Figure 1-1).

Green/Duwamish and Central
Puget Sound
Watershed (WRIA 9) at a Glance

But the future of this story is in jeopardy. Will people a
century hence view the salmon as a living icon of their
watersheds? Or will it be a historical symbol of a
bygone era that can only be viewed in the wild by
traveling to Canada or Alaska? Will future stories
acknowledge the wisdom and effort of our generation,
which saw problems and boldly solved them? Or will
our descendents shake their heads at our lack of
understanding and commitment that left them an
impoverished watershed that functioned poorly for
both people and fish?
No less important is the fact that the present decline in
watershed health that harms salmon also jeopardizes
other goods and services that the watershed provides
its many human residents at low or no cost: clean,
abundant water, locally-grown foods, forest products,
flood protection, recreational opportunities, and great
natural beauty. Will we take action to conserve a
resource that benefits us daily in many ways?
We who share this watershed have an opportunity to
shape the answers to these questions as we decide
whether and how to implement the recommendations
of this Salmon Habitat Plan.
After 120 years of intense development, the strains on
fish and the ecosystem of the Green/Duwamish and
Central Puget Sound Watershed began to be apparent
to many. We ask much from our watershed. The
ecosystem goods and services it provides include water
for drinking and industrial purposes, food, forest
products, waste assimilation, numerous recreational
opportunities, and floodwater retention. For many
years, it provided a wealth of salmon, too. As more of
these goods and services have been demanded than
can be sustainably renewed, watershed health has
suffered. In response to these stresses and changes in
national, state, and local priorities over the last three
decades, we have begun to take better care of the
watershed and its ecosystem.

Human population:
630,329 (2004 est.)
Chinook salmon population:
2,450 to 11,500 adults per year
(highly variable)
Appraised land value:
$27.6 billion
Improvements value:
$43.9 billion
Square miles:
664 total (575 land area)
River miles (mainstem):
93
Puget Sound shoreline miles:
90
Value of ecological goods and services per
year (waste assimilation, recreation, flood
reduction, etc.):
$1.7 billion to $6.3 billion per year
(depending on assumptions)
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farm, forest lands, parks, and natural areas that make
up much of the watershed. Improvements in growth
management and stormwater practices helped reduce
the impacts of the rapid population growth and
development in the last decade of the 20th century.
The federal government listing of Chinook salmon and
bull trout as “threatened” under the Endangered
Species Act (ESA) accelerated the change in perspective and a greater motivation for action. The Green/
Duwamish summer/fall Chinook and Newaukum
Creek summer/fall stocks are included in the Puget
Sound Evolutionarily Significant Unit (ESU) for Chinook. This ESU was listed as “threatened” under the
ESA in 1999.
In response to these federal listings, the WRIA 9 (Water
Resource Inventory Area) Forum of Local Governments
helped fund the creation of this Salmon Habitat Plan
(“Plan”) to guide protection and restoration of Chinook
salmon and bull trout in the Green/Duwamish and
Central Puget Sound Watershed. The Forum includes
all the local governments –15 cities and King County –
in the watershed. The City of Tacoma also is a partner
because of the importance of the Green River for its
municipal water supply.
People and fish are never far apart in the watershed, as shown here in
Auburn at river mile 30 on the Green River. July 2004 photo.
Stewardship of the watershed is evolving. For over a
century following European settlement, the watershed
was a bank from which resources could be drawn
seemingly endlessly. The Green/Duwamish and
Central Puget Sound Watershed offered a bounty of
drinking water, fish, forest products, farm products,
and minerals. Later, it became a center for commerce
and industry in Western Washington and the watershed became a sink into which wastes could be poured
with apparently few consequences. In the 1960s,
environmental protection efforts began to address
some of the consequences of these patterns of use.
Initial efforts focused on specific, obvious problems
such as point source water pollution from factories.
Recent recognition of the ecological importance of the
entire watershed has resulted in a broader appreciation of the environmental health and ecological
integrity of the watershed. Beginning in the 1980s,
people in the watershed began to seek to reduce ongoing sources of harm, protect remaining healthy
habitats, and restore degraded areas. During the 1990s,
a wide variety of private and public land owners and
managers committed to being better stewards of the

This Habitat Plan recommends actions that should be
taken over the next 10 years to protect and restore
salmon habitat, using an ecosystem approach, in the
Green/Duwamish and Central Puget Sound Watershed.
These efforts will complement habitat improvements
in other parts of Puget Sound and changes to hatchery
and harvest practices and thereby contribute to the
recovery of Puget Sound Chinook salmon and bull
trout.
Even within the watershed, this Salmon Habitat Plan is
a piece of a larger picture. Many individuals, non-profit
groups, businesses, and governments have worked
hard to protect and improve ecosystem health and
salmon habitat for years. Some have made long-term
commitments that will contribute greatly to watershed
salmon recovery.
This Plan recommends a comprehensive approach to
protect and restore salmon habitat in the Green/
Duwamish and Central Puget Sound Watershed. It
provides a strategy to accelerate salmon habitat
recovery locally and recommends specific and achievable projects, programs, and policies that can be
implemented within the first 10 years following plan
adoption. The Plan relies on an ecosystem approach

Page 1-2
Green/Duwamish and Central Puget Sound Watershed Salmon Habitat Plan—August 2005

FIGURE 1-1
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with a focus on the needs of Chinook salmon. Many if
not most of its recommendations also will benefit bull
trout (also listed as “threatened) and other non-listed
species such as coho salmon and steelhead trout.
Watershed ecosystem health and salmon recovery is a
long-term task that will take decades and may last as
long as a century. While this Plan focuses on actions in
the next 10 years, it provides tools that can be used in
the future to develop and evaluate actions. Its adaptive
management program, moreover, will provide valuable
information to further refine and target additional
actions. This Plan has a practical, 10-year focus for
most actions complemented by a long-term vision and
enduring tools for further work. These actions and
vision, as well as other interesting facts about the
watershed, are depicted in the WRIA 9 poster, “Making
our Watershed Fit for a King.”
Although the recommendations of this Habitat Plan
are based on the best collective judgment of its many
authors, new information in the future should be used
to refine and modify these recommendations. To be
most effective, this Plan should be considered a “living
document.” What this means is that when someone
picks up a copy in 2015, they’ll find dog-eared pages,
implementation notes jotted alongside project descriptions, inserted summaries of new scientific
information, new project ideas on post-its, project
construction and ribbon-cutting photos inserted
between pages, references to monitoring reports for
completed projects, and, assuredly, a dust-free cover.
The Plan before you is the product of ever-greater
voluntary cooperation in assessing, planning for, and
acting to meet salmon habitat needs across the watershed. Local governments, federal and state agencies,
business and environmental interests, private property
owners, volunteers, and interested citizens have
demonstrated enormous dedication and public
spiritedness. They are essential participants in this
long, increasingly fruitful endeavor. Good stewardship
of the watershed and its salmon populations in the
years ahead will surely rely on continued cooperation
and shared responsibility.

1.2 WHY DO WE NEED A WATERSHED
SALMON HABITAT PLAN?
Native-origin Chinook salmon in the Green/
Duwamish and Central Puget Sound Watershed could
become extinct within our lifetimes.
In response to this possibility, the National Marine
Fisheries Service (now known as NOAA Fisheries)
listed Puget Sound Chinook salmon (Oncorhynchus
tshawytscha) as a threatened species under the ESA in
March 1999. The U.S. Fish and Wildlife Service listed
bull trout (Salvelinus confluentus) as a threatened
species in November 1999.
Approximately 106 wild salmon stocks in the Pacific
Northwest are now extinct, 214 are at high or
moderate risk of extinction, and others being reviewed
for listing under the Endangered Species Act.
The causes of decline attributable to human activities
include:
• Hydropower operations;
• Fishing (harvest);
• Poor hatchery practices; and
• Degradation of habitat through land use and
water-use practices.

The Green River is the primary source of drinking water for the City of
Tacoma and many of its suburbs. Water is diverted at the Tacoma
Headworks at river mile 61. July 2004 photo.
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In addition, climatic and ocean changes are responsible for natural variability that provides a background
of change. Predation of salmon by mammals, birds,
and other fish during different life history stages also
has an impact on salmon populations.
Although the relative impact of these factors varies
among watersheds, habitat loss and degradation are
considered contributing factors in the decline of most
salmonid1 populations (Spence et al.1996).
Although many people are working today to help
salmon in our watershed, more work is needed to
arrest the decline of these fish and restore the health of
the ecosystem that sustains them. This Habitat Plan
builds on existing work and takes advantage of the
latest scientific understanding to chart a course for
habitat improvements over the next 10 years and
provides tools and information for the years beyond.
The watershed Habitat Plan relies on local knowledge
and dedication to identify and solve problems in our
watershed. It is part of the commitment across Puget
Sound to develop a bottom-up recovery plan that will
meet the requirements of the Endangered Species Act
while being informed by the knowledge and values of
our communities. This Puget Sound-wide plan –– the
Shared Strategy–– will be the venue for integrating
habitat solutions for this watershed with other habitat
efforts and efforts to address hatchery, harvest, and
hydropower impacts.

Healthy watersheds provide many of these services for
free and in perpetuity and others at low cost. As our
watershed is degraded, we lose these services or have
to pay more to create substitutes (e.g., stormwater
systems to manage runoff exacerbated by large
amounts of pavement). Investments in ecosystem
health to benefit salmon and bull trout also will yield
benefits for people. Alternatively, failure to act to
protect and restore the watershed – which may cause
the loss of wild Chinook salmon–– will cost us in other
ways as well.

1.3 WHAT DO SALMON NEED?
The needs of salmon are few and straightforward. They
need:

• Cool, unpolluted water;
• Spawning gravels that are not scoured out by high
flows or covered up with deposits of fine sediment;

• Accessible freshwater habitats– side channels, offchannel marshes and sloughs, and shallow water
areas — that provide food, shelter from predators,
and refuge from high stream flows;

• Nearshore marine habitats that provide food,
shelter, and migration corridors to and from the
Pacific Ocean; and

• An opportunity to return to their natal streams at
the time they are ready to spawn.

There is another compelling reason for marshalling the
resources and energy to implement this Habitat Plan:
the health of the watershed. The Green/Duwamish and
Central Puget Sound Watershed sustains a human
population of 630,000 people with goods and services
worth billions of dollars.
Just a few of these include:

•
•
•
•
•
•
•

Domestic water supply;
Produce and other farm products;
Forest products;
Mitigation of floods and droughts;
Detoxification and decomposition of wastes;
Recreational opportunities; and
Aesthetic beauty.

Long-term salmon recovery depends on:
• Protecting existing high quality habitat;
• Protecting and improving water quality and
ensuring adequate streamflows;
• Restoring rivers, streams, estuaries, and nearshore
habitats that have been degraded, guided by an
understanding of population needs, current
habitat conditions, and the salmon-producing
capacity of streams, rivers, and the marine
nearshore;
• Maximizing access to suitable habitats in the
watershed;
• Reforming hatcheries so their management
supports viable salmonid populations; and
• Managing harvest to ensure adequate escapement
of wild-spawning fish.

1. Salmonids include salmon, trout, and chars (including bull trout) from the Family Salmonidae.
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EGGS IN GRAVEL
ALEVIN

FRY
PARR

After they lose the egg sac,
these pine-needle sized fish
must feed on their own.

As they grow, they acquire
dark markings to camouflage
themselves in the shady
pebbles of the river.

Female salmon lay 2,000
to 4,000 eggs in clean,
well-oxygenated gravel.

In about 50 days, the baby
salmon hatch, but they stay in
the gravel, getting food from a yolk
sac still attached to their bodies.

Female

The Salmon Cycle

Male

SPAWNING
SMOLT
After 2 to 16 months, these young
salmon start their long journey to
the sea. Their kidneys and gills change
to prepare them for life in salt water,
and they turn silver to camouflage
themselves in the ocean.

ADULT KING (CHINOOK) SALMON

King salmon change color as they
swim upstream to the exact same
stream where they were hatched.
After spawning, the salmon die.
Their bodies provide food for animals
and valuable nutrients to the streams.

Salmon spend about 4 years in Puget Sound
or in the ocean where they feed and grow.

1.4 WHAT IS OUR GOAL AND
WHERE ARE WE NOW?
The following long-term (50- to 100-year) population
targets for summer/fall Chinook salmon in WRIA 9 are:
• 17,000 spawning adults annually (lower limit);
• 27,000 spawning adults (midpoint and adopted
target); and
• 37,000 spawning adults (upper limit).
Refinement of these targets is expected to occur as
additional analyses are completed. These targets have
been accepted by the Puget Sound Technical Recovery
Team (TRT) and by the Washington State Department
of Fish and Wildlife (see January 25, 2005 letter in
Appendix A).

For context, the current target number for spawning
adult summer/fall Chinook for the Green/Duwamish
River watershed is approximately 9,300 Chinook. Of
this number, 5,800 fish are targeted to spawn in the
river (“escapement”), and 3,500 adult fall Chinook are
intended for broodstock. Broodstock are artificially
spawned at the Soos Creek Salmon Hatchery.
The number of returning fall Chinook to the Green
River varies tremendously year to year. From 1989 to
2001, total returning fall Chinook naturally spawning
in the river ranged from 2,450 to 11,500. Summer/fall
Chinook returning to the hatchery have exceeded
9,000 adults every year since 1995, except for 2000,
when approximately 6,000 returned.
In addition to the numerical target focused on abundance, the recommendations of the Habitat Plan are
intended to improve the three other viable salmonid
population parameters by:
• Increasing productivity (growth rate) of the
population;
• Improving diversity in terms of genetic makeup
and behavioral traits; and
• Improving the spatial structure of the population
to better distribute fish to take advantage of good
habitat and to lower risk from catastrophic events.

Portions of the Middle Green River, shown here at river mile 39, provide
good spawning and rearing habitat.
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1.5 WHAT HISTORY DOES THE PLAN
BUILD ON?
This Habitat Plan is the result of a five-year planning
effort supported by the WRIA 9 Steering Committee
and Forum. The Steering Committee is a cooperative
effort with members representing the variety of
perspectives found in the basin, including government, business, recreation, agriculture, the environment, and others. The Forum is the WRIA decisionmaking body composed of the 16 local governments in
the WRIA 9 watershed plus Tacoma Public Utilities.
Although the Habitat Plan is focused on future steps, it
is important to acknowledge the dedication and
successes to date in this watershed.
Despite being intensively developed, this watershed
still retains a natural ecosystem worth saving and
improving. It also is reaping the fruits of the millions of
dollars and thousands of hours devoted to salmon
habitat and ecosystem health in recent years. These
commitments range from local grants from the local
King Conservation District to over $7.3 million in
federal and state funds from the Salmon Recovery
Funding Board. A partnership between the U.S. Army
Corps of Engineers, Indian tribes, and local governments has begun to implement a suite of projects in
the Green/Duwamish Watershed portion of WRIA 9. An
extensive array of farm management practices and
other land use policies, regulations, and programs that
are implemented by all local governments also improve conditions for fish while preserving sustainable
agriculture and urban and rural residential areas. For
example, the development rights for over 13,000 acres
(county-wide) have been acquired through the Farmland Preservation Program and are therefore protected
from development. Improved stormwater management by cities large and small is contributing to
reduced impacts on streams from development.

Much of the work done to
improve the watershed
ecosystem is listed in the 2002
WRIA 9 Near-Term Action Agenda
and two subsequent annual
progress reports.

Hundreds of acres of high-quality habitat have been
preserved through public purchase and innovative
incentive programs. Growth management has focused
development in the existing urban areas, helping to
keep rural areas rural for the benefit of rural residents
and fish. Meanwhile, countless private landowners
quietly go to the expense and effort of managing their
land to preserve its habitat value. Finally, thousands of
volunteers have donated their labor to plant native
trees and shrubs and control invasive weeds.
Chapter 2, Introduction, provides a brief description of
these and other efforts. A more complete summary is
in the 2002 Near-Term Action Agenda (along with two
annual follow-up progress reports), which was developed as an interim predecessor to this Habitat Plan.
The many accomplishments to date are a foundation
for the hope that the ambitious recommendations of
this Habitat Plan are accomplished.

1.6 WHAT IS THE SCIENTIFIC
FOUNDATION FOR THE HABITAT PLAN?
The recommendations of this Plan rest on a strong
foundation of scientific assessment and analysis. A
summary of the current scientific understanding of the
watershed is provided in Chapter 4, Scientific Foundation, and Chapter 5, Habitat Management Strategies.
This understanding is based on years of study of the
watershed that culminated in a Strategic Assessment
during 2002-2004 (King County Department of Natural
Resources and Parks et al. 2004). This Strategic Assessment consists of original research to fill in gaps in
understanding identified by previous work. It also
includes analysis that helped make sense of a tremendous amount of technical information and began the
process of translating science into policy.
The scientific work in the Strategic Assessment was
guided by the:
1) Viable Salmonid Population (VSP) framework
(McElhany et al. 2000);
2) Habitat Plan Substantive Scope and Approach,
approved by the Steering Committee in 2002; and
3) Technical guidance document developed by the
Puget Sound Technical Recovery Team (2003) for
integrated salmonid habitat recovery planning.
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As the scientific foundation for the Habitat Plan, the
Strategic Assessment includes information on:
• Historical and current habitat conditions;
• Salmonid population conditions;
• Fish utilization, including juvenile migration and
rearing patterns, habitat usage, and habitat
limiting factors; and

These scientific products – information on conditions,
conservation hypotheses, necessary future conditions,
and habitat management strategies – have been
essential tools in identifying, refining, reviewing, and
revising the actions recommended in this Plan. They
constitute a logic train (Figure 4-3) that link present
scientific understanding to recommended future
actions.

• Water quantity and quality.
The WRIA 9 Habitat Limiting Factors and Reconnaissance Assessment Report (Kerwin and Nelson (Eds.)
2000) and the State of the Nearshore Ecosystem Report
(Brennan (Ed.) 2001) were used as raw material for
further analysis as part of the Strategic Assessment.
The Strategic Assessment analysis included examining
the functional linkages between habitat conditions
and populations and developing conservation hypotheses. Conservation hypotheses are a “best estimate” of
how improvements in habitat conditions and processes will lead to improvements in the four viable
salmon parameters (abundance, productivity, diversity, and spatial structure) that are critical to long-term
survival. The Strategic Assessment also identified
necessary future conditions to support a viable population of Chinook salmon. The necessary future
conditions are also essentially hypotheses about what
is thought to be necessary habitat to recover the
Green/Duwamish River Chinook population. The
conservation hypotheses and necessary future conditions were ultimately used to develop habitat management strategies for each subwatershed (the watershed
is divided into five subwatersheds [Figure 1-1] for
analytical purposes).

1.7 WHAT IS THE STRATEGY
FOR HABITAT RECOVERY?
The results of the Strategic Assessment have made
possible the identification of clear priorities for work
over the next 10 years.
Scientific assessments – summarized in the WRIA 9
Habitat Limiting Factors and Reconnaissance Assessment (Kerwin and Nelson (Eds.) 2000) and WRIA 9
Strategic Assessment (2002-early 2005) – indicate that
there are limiting habitats in the Duwamish Estuary
transition zone; Middle Green, Lower Green,
Duwamish Estuary, and Marine Nearshore
Subwatershed rearing habitats; and Middle Green and
upper Lower Green Subwatersheds spawning habitat.
It also appears that a decline in productivity of the
juvenile life stage undermines the viability of the
population (King County Department of Natural
Resources and Parks et al. 2004).
Based on this understanding, this Habitat Plan adopts
the following as a 10-year strategy (cited as Policy MS1
in Chapter 5, Habitat Management Strategies and
Policies):
The focus of management action (projects and programs) implementation efforts in this Habitat Plan will
be on the following limiting habitats that exist within
the Green/Duwamish and Central Puget Sound
Watershed:
• Duwamish Estuary transition habitat;
• Middle Green River, Lower Green River,
Duwamish Estuary, and Marine Nearshore rearing
habitat; and
• Middle Green and Lower Green River spawning
habitat.

Years of scientific assessment have yielded valuable understanding about
how the marine nearshore, estuarine, and freshwater habitats of the
watershed meet salmonid needs. This nearshore beach seining on Vashon/
Maury helped determine salmonid presence. May 2001 photo.
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1.8 WHAT ARE THE KEY SALMON
HABITAT NEEDS IN EACH
SUBWATERSHED?
Based on the findings of the Strategic Assessment, the
Habitat Plan focuses on actions and policies that
address the following key salmon habitat needs:
Watershed-Wide Needs
• Prevent and reduce armoring of stream banks and
shorelines;
• Promote low impact development such as porous
pavement, bioswales, and clustered development;
Transition zone habitat, shown here at the Hamm Creek confluence with
the Duwamish at river mile 5.0, is critical for Chinook juveniles. July 2002
photo.

Because of the importance of the Duwamish transition
zone – where young salmonids make the transition
from being freshwater fish to saltwater fish — and the
negative effect on habitat recovery efforts upstream if a
severe transition zone restriction does exist, 40% of
funding for projects and programs will be focused on
the transition zone. The remaining 60% of funding for
projects and programs will be split between rearing
and spawning limiting habitats. For example, if $100
million became available to implement this Plan, $40
million would be targeted toward rehabilitation of and
increases to transition zone habitat. $60 million would
be targeted toward high priority projects that protect,
restore, rehabilitate, or substitute for rearing and
spawning habitat.

• Replace culverts that block fish passage on tributary streams;
• Protect and improve water quality by focusing on
“nonpoint” pollution that comes from stormwater
runoff from streets, highways, parking lots, roofs,
yards, and cleared lands;
• Allow natural river flows in an unconstrained river
channel where possible; and
• Maintain adequate stream flows.
Upper Green River Subwatershed
• Facilitate Chinook salmon and bull trout access
above Howard Hanson Dam and the Tacoma
Headworks by providing passage upstream for
adults and downstream for the young fish;

The focus of habitat efforts in these areas will be on
increasing the productivity of the population by
improving the quality and quantity of habitats identified above.
This strategy is based on current understandings of
how the watershed meets and does not meet the
habitat needs of Chinook salmon. Additional information and analysis may lead to changes in how resources are allocated.
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Duwamish Estuary Subwatershed
• Restore vegetated shallow subtidal and intertidal
habitats and brackish marshes by restoring
dredged, armored, and filled areas;
• Increase shallow water and slow water “transition
zone” habitat where salmon transform from
freshwater to salt water fish;
• Improve sediment quality through the Lower
Duwamish Waterway Superfund cleanup;
• Protect and restore water quality through point
and nonpoint pollution source control;

• Protect and restore riparian habitat along the
Upper Green River mainstem and major tributaries by restoring the riparian corridor, increasing
channel complexity, and decommissioning old
logging roads;

• Restore off-channel refuge habitat and mainstem
pools in Tukwila; and
• Improve natural sediment transport and deposition processes.
Marine Nearshore Subwatershed

• Remove fish passage barriers such as culverts from
tributary streams; and

• Protect and restore lagoons, spits, and pocket
estuaries where small streams enter Puget Sound;

• Protect and restore natural sediment movement
by reducing road failures.

• Protect and expand vegetated shallow water
“nearshore” and marsh habitats;

Middle Green River Subwatershed
• Protect and restore side channels, off-channel
wetlands, tributary mouths, and pools that
provide shelter and habitat complexity for young
salmon;
• Protect and restore natural sediment movement
by reconnecting sediment sources to the river;

• Protect feeder bluffs that provide sediment
needed for beach nourishment by preventing and,
where possible, removing bulkheads;
• Protect and expand forage fish spawning beaches
used by herring, sand lance, and surf smelt; and
• Improve sediment quality, particularly in Elliott
Bay.

• Protect and restore spawning and rearing habitat
in lower Newaukum and Soos Creeks; and
• Maintain regional groundwater recharge and base
flows to the mainstem Green River through forest
retention and low impact development.
Lower Green River Subwatershed
• Protect and restore side channels, off-channel
wetlands, tributary mouths, and pools that
provide shelter and habitat complexity for young
salmon;
• Protect and restore natural sediment movement
by reconnecting sediment sources to the river;
• Preserve groundwater inflow from the historical
White River channel; and
• Modify the Black River Pump Station to improve
fish passage.

The Habitat Plan calls for the creation of off-channel, shallow-water
habitats like the Codiga project in Tukwila. May 2004 photo courtesy of
City of Tukwila.
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• Rehabilitate damaged processes and habitats that
can be sustained with on-going efforts; and

1.9 WHAT ACTIONS DOES THE HABITAT
PLAN RECOMMEND TO PROTECT AND
RESTORE SALMON HABITAT?

• Substitute processes and habitats that are lost.

Chapter 7, Proposed Actions and Policies to Achieve a
Viable Salmonid Population, lists the most important
projects and programs to implement over the next 10
years to improve the aquatic ecosystem, thereby
benefiting Chinook salmon, bull trout, and other
salmonids. Of these projects, those that address the
limiting habitats for the Green/Duwamish River
Chinook population are considered of greatest priority
and are listed in Table 8-2 (Chapter 8).

In the first 10 years, the Plan recommends:
• 75 on-the-ground restoration projects;
• 57 habitat protection projects (including 50
habitat protection areas on Vashon/Maury Island
and seven King County-proposed “Last Best Places
Middle Green” acquisitions); and
• 30 programs (16 watershed-wide and 14
subwatershed).

Actions in this Habitat Plan can be divided into two
categories:
Programs: A body of work requiring staffing and/
or funding. In this Plan, programs focus on
stormwater management, stewardship/public
education, internal government practices, and
other governmental and non-governmental
efforts.
Projects: On-the-ground actions to protect,
restore, rehabilitate, or substitute habitat or the
processes that create habitat.
The Plan recommends an array of projects and programs that watershed partners can strive to carry out
over the next 10 years. These actions will:
• Protect existing processes and habitats that are
working well;
• Restore processes and habitats that can be returned to good conditions;

Healthy
riparian
habitat

RIPARIAN HABITAT:
The transition zone between
the water where fish live
and upland areas.

Poor riparian habitat
Lack of native trees and
shrubs allow the water to
heat up and allow non-native
invasive weeds like
blackberry to take over.

Plants add
structure
salmon need.
Plants also
attract insects
for food and
shade to keep
the water cool.

Even more opportunities for citizen stewardship, such as shown here at the
joint City of Auburn-King County Fenster project, will occur under the
Habitat Plan. October 2004 photo.
56 of the 75 on-the-ground habitat projects are considered the highest priority because of their importance
in addressing habitat limiting factors affecting Chinook salmon (Table 8-2).
These recommended actions were identified and
evaluated by people who understand the watershed.
Each project had to pass both a scientific/technical
review and a feasibility review to be included in this
Plan. As with many recommendations in this Plan, it is
expected that these projects will be refined in the years
to come as ever more scientific information becomes
available.
Projects are on-the-ground efforts that move earth and
plant trees, including:
• Excavating shallow water habitat in estuarine and
marine nearshore habitats;
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• Use of BuiltGreen™ and other low impact development practices by developers;
• Habitat restoration projects organized by nonprofit organizations and carried out by thousands
of volunteers;
• Improved stormwater management by local
governments;
• Sound land use planning and growth management by local governments;
• Fish passage facility construction and operation to
the Upper Green River Subwatershed by the U.S.
Army Corps of Engineers and the Tacoma Public
Utilities; and
• Many other innovative, sustained efforts by
individuals, groups, businesses, and governments
intended to improve water quality and protect and
restore salmon habitat.

• Installation of large woody debris in freshwater
habitats;
• Planting of native vegetation in both marine and
freshwater habitats;
• Control of noxious and invasive weeds throughout
the watershed;

Finally, the Plan includes policies that provide highlevel guidance to activities that directly or indirectly
affect salmon habitat.

• Levee setbacks on the Green River mainstem;
• Introduction of spawning gravel in the Green River
mainstem;
• Side channel reconnection in freshwater habitats;
and
• Removal of bulkheads or replacement with softer
forms of shoreline protection in marine nearshore
habitats.
Complementing these restoration/rehabilitation/
substitution projects are projects to protect high value
habitat. Depending on the habitat value, location (e.g.,
next to a migrating channel), and interest of the
landowner, these projects will make use of property
acquisition, conservation easements, incentives, and/
or information and education.
The recommended projects in this Plan will complement on-going and planned habitat activities such as:
• Good stewardship of streams, shorelines, and
uplands by homeowners;
• Implementing farm plans and other conservation
measures by farmers;
• Sustainable forestry practices by small woodlot
owners;

These Auburn high school students improved habitat by planting trees at
Whitney Bridge Park at river mile 40.3 on the Green River. October 2004
photo.
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1.10 HOW MUCH WILL IMPLEMENTATION
COST AND WHAT ARE THE BENEFITS?

1.11 HOW ARE HARVEST AND HATCHERY
CONSIDERATIONS ADDRESSED?

Implementation of the priority projects (Table 8-2)
recommended by this Habitat Plan are estimated to
cost from $198 million to $291 million. Implementation of all projects recommended by this Plan would
cost from $272 to $389 million. Cost estimates for the
policies and programs were not developed.

Effective and efficient recovery of Puget Sound Chinook populations depends on addressing the causes of
salmonid decline including:
• Habitat degradation;
• Hatchery practices; and
• Harvest management.

Chapter 8 of this Plan provides a strategy for implementing this Plan’s recommendations, including
funding scenarios. Additionally, there is a Puget
Sound-wide effort being undertaken by Shared Strategy to develop a finance plan for implementing the
Puget Sound Salmon Recovery Plan. Preliminary
approaches of the Puget Sound-wide effort include a
mix of federal, state, and local funding sources to pay
for implementation.
The expenditure of these substantial sums, fortunately,
will benefit far more than the silver fish. WRIA 9
ecosystems produce $1.7-6.3 billion of value in goods
and services every year for individuals, communities,
businesses, and governments within WRIA 9. The value
of salmon restoration and healthy ecosystems to future
generations is likely to be even greater as the population grows and the amount of habitat is reduced (AsiaPacific Environmental Exchange 2005). Expenditures
on the recommendations of the Habitat Plan will help
secure the current stream of goods and services and
may increase their value.

The Habitat Plan currently does not address hatchery
and harvest practices because these are the responsibility of the co-managers (Treaty Tribes and the
Washington State Department of Fish and Wildlife). As
of mid-2005, the WRIA 9 partners were informed that
the Washington State Department of Fish and Wildlife
had committed to lead the effort to complete the
integration of habitat, hatchery, and harvest recovery
efforts at both the watershed level and at the Puget
Sound regional level.
Following this so-called “H-integration” effort, it may
be necessary to review elements of this Plan to determine whether and how decisions made regarding
hatchery and harvest practices affect the habitatfocused recommendations of this Plan.

1.12 DOES THE HABITAT PLAN ALSO
BENEFIT BULL TROUT AND OTHER
SPECIES?
In addition to addressing the habitat needs of Chinook,
this Habitat Plan will also provide habitat improvements for bull trout, listed by the U.S. Fish and Wildlife
Service as threatened in November 1999. The ecosystem approach – with a focus on habitats and the
processes that create those habitats – is intended to
benefit all salmonid species.
Very little is known about bull trout presence and use
of habitats in WRIA 9 but Appendix K of Volume II
provides a matrix showing how the recommendations
in this Plan address the bull trout recovery actions
listed in the Draft Recovery Plan for the Coastal-Puget
Sound District Population Segment of Bull Trout (U.S.
Fish and Wildlife Service 2005).
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1.13 HOW WILL MONITORING AND
ADAPTIVE MANAGEMENT BE USED TO
GUIDE HABITAT RECOVERY?
Successful implementation of the Habitat Plan actions
depends on monitoring and adaptive management.
Monitoring of projects will occur at multiple levels.
Implementation monitoring will tell us which projects
have been carried out. Effectiveness monitoring will
determine whether the habitat objectives of the project
have been achieved. Finally, validation monitoring will
confirm whether the actions of this Plan are achieving
the desired changes in the population parameters of
abundance, productivity, diversity, and spatial structure. Worthwhile monitoring is in turn informed at the
outset by adaptive management.
Adaptive management is a systematic process for
continually improving management policies and
practices by learning from the outcomes of actions.
Adaptive management embodies a simple imperative:
policies are experiments – learn from them. Adaptive
management recognizes that uncertainty and unexpected changes are inherent in managing complex
ecological systems. Adaptive management relies on a
problem-solving approach to address this uncertainty
through six steps: (1) assessment, (2) design, (3)
implementation, (4) monitoring, (5) evaluation, and
(6) adjustment. The actions recommended in this Plan
and the success of salmon restoration within the
Green/Duwamish and Central Puget Sound Watershed
depend on a rigorous monitoring and adaptive management program.

1.14 WHAT IS THE ROLE OF CITIZENS?
Although the bulk of the recommendations in this
Habitat Plan are likely to be carried out through a
partnership of governments, the long-term health of
the watershed in terms important to both people and
fish will be influenced greatly by those who call it
home.
In daily life, we who share this watershed have an
impact on its health. Daily practices in the home, in
the yard, and with our cars are magnified by our
numbers and concentrated by water. Every volunteer
who picks up a shovel to control invasive weeds or
plant native trees is acting for a better watershed.
Ultimately a healthy watershed depends on the actions
of all of us in our roles as consumers, business people,
students, members of myriad organizations, and
citizens in a community.
Consequently, this Plan recommends policies and
programs to promote ever greater understanding and
action by all of us. You can start today by visiting the
watershed website — http://dnr.metrokc.gov/Wrias/9/
index.htm — which contains abundant tips and links
for salmon-friendly living.

Together, monitoring and adaptive management will
provide a stream of information and insight that can
inform course corrections as the recommendations of
this Plan are implemented.

The future of salmon is in our hands. Juvenile salmonid in the Duwamish.
May 2005 photo.
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1.15 NEXT STEPS
The publication of this Salmon Habitat Plan commences the 90 day review period by the WRIA 9 Forum
of Local Governments. The Forum may approve the
Plan or remand it back to the Steering Committee for
further deliberation. However, the Forum cannot make
changes to the Plan. Following adoption of the Plan by
the Forum, a minimum of five cities representing at
least 70% of the population within the watershed must
ratify the Plan before their respective legislative bodies.
Only then will the Habitat Plan truly become final.
This Habitat Plan also will be included as a chapter in
the Puget Sound Salmon Recovery Plan produced
through the Puget Sound Shared Strategy.
Within a year of Plan ratification, we will need to
develop a detailed implementation plan and begin to
pursue funding. We also need to arrive at agreements
among all of the WRIA 9 participating jurisdictions on
how to fund and implement the Plan. As a watershed,
what assurances can we make and what risks are we
willing to take are fundamental questions that need to
be answered.
In the long term, use of the action evaluation tools and
the monitoring and adaptive management approach
described in this Plan will allow local governments to
continue to use the habitat planning process to meld
Plan recommendations with their local regulations,
policies, plans, and programs.
A lot of hard work lies ahead. Progress to date, however, and the love that so many people have for the
place we call home offers tremendous hope. We know
that it is not our generation alone that thrills to the
sight of the mighty Chinook salmon returning to the
Green/Duwamish River after years in the ocean. It is
not just those of us alive now who enjoy the many
benefits of a healthy watershed. Future generations
depend on us to be good stewards and to recognize
that clean water and healthy habitat are good for
people and are good for fish.
Let’s get to work “making our watershed fit for a King.”
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Before you is the Salmon Habitat Plan for the Green/
Duwamish and Central Puget Sound Watershed (Water
Resource Inventory Area 9 [WRIA 9]). This Plan is the
culmination of a tremendous amount of work at both
the scientific (assessment) level and at the policy
(planning) level. Dozens of people from the watershed
have devoted countless hours to develop the science
and policy that have been distilled in these pages.
However, even as the final document in the WRIA 9
planning process, the Habitat Plan is expected to be a
living document that will be modified over time to
reflect ever greater scientific understanding and to
respond to changing policy opportunities and constraints.

2.1 PURPOSE
The purpose of this Habitat Plan is to restore habitat
used by Chinook salmon, bull trout, and other salmonids in the Green/Duwamish and Central Puget Sound
Watershed.
Native-origin Chinook salmon in the Green/Duwamish
and Central Puget Sound Watershed could become
extinct within our lifetime. Approximately 106 wild
salmon stocks in the Pacific Northwest are now extinct,
214 are at high or moderate risk of extinction, and
many are or are being reviewed for listing under the
Endangered Species Act. Puget Sound Chinook salmon
and bull trout are included among those considered to
be at moderate risk of extinction (“threatened”). The
focus of this Plan is therefore on habitat restoration in
the mainstem of the Green/Duwamish River and in the
Central Puget Sound marine nearshore, the habitat
most critical for these species. Although tributaries to
the Green/Duwamish system are important, particularly as sources of cold, clear water, Chinook salmon
typically use only the lower few miles of tributaries.
Should we be working to restore habitat and improve
water quality in tributaries? The answer is an emphatic yes. However, this Habitat Plan focuses its
efforts on the mainstem and marine nearshore because that is where the most difference will be made,
especially over this plan’s 10 year timeframe.

In brief, this Habitat Plan:
• Is based on the science of the Strategic Assessment (King County Department of Natural Resources and Parks et al. 2004), the WRIA 9 Habitat
Limiting Factors and Reconnaissance Assessment
(Kerwin and Nelson [Eds.] 2000), and other efforts
to understand how salmonids use the watershed
and the historic and current conditions of this
watershed;
• Reflects input gathered in 2004 and 2005 from
members of the Steering Committee; staff from
local, state, and federal agencies; representatives
of other businesses and environmental groups;
and members of the public; and
• Represents a key step by the governments, organizations, and individuals of this watershed toward
overall recovery of Chinook salmon and bull trout
in Puget Sound and improved habitat benefiting
other salmonids.

2.2 PLAN FRAMEWORK
The framework for this Habitat Plan is based on three
organizing strategies as follows:
1) Scientific Framework: The first strategy establishes
the scientific framework that guides the evaluation of actions and implementation of the Plan.
Beginning with watershed scale data that address
the viable salmonid population parameters, the
scientific framework then developed conservation
hypotheses for each subwatershed and the management strategies that lead to specific on-theground project and programmatic actions. This
logical sequence of evaluating what is required to
achieve recovery in the watershed is supported by
the extensive technical work discussed in Chapters
4 and 5 (which are based to a large extent on the
Strategic Assessment and the Ecological Synthesis
Approach described in the Strategic Assessment
(King County Department of Natural Resources
and Parks et al. 2004)) and is the cornerstone of
future action evaluations and Plan implementation.
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Panel due to the unsuitability of the projectfocused evaluation criteria.)

Because of this scientific framework we know that:
• The Duwamish Estuary transition zone in the
vicinity of river miles 5.5 to 7.0 is key to Chinook
recovery insofar as there is a likely limiting
habitat;1

Of a total of 167 actions evaluated using the
feasibility and effectiveness screen, 162 were
included in the Plan. Of these actions, 75 are onthe-ground restoration projects that were first
evaluated by the Science Panel (of which 56 are
priority actions that implement Policy MS1), 57
are habitat protection efforts (including 50 on
Vashon/Maury Island and seven King Countyproposed “Last Best Places Middle Green” acquisitions), and 30 are programs (16 watershed-wide
and 14 subwatershed). (A list of additional projects
for future consideration is found in Appendix G of
Volume II.)

• Spawning and rearing habitat in the Middle
Green River, Lower Green River, Duwamish
Estuary, and Marine Nearshore Subwatersheds
is essential; and
• The Upper Green River Subwatershed habitat is
essential to increasing abundance, diversity,
and spatial structure.
2) Project Evaluation: The second strategy establishes a science-based approach for evaluating
habitat projects contributing to the recovery of
Chinook salmon in the Green/Duwamish and
Central Puget Sound Watershed. Specifically, the
WRIA 9 Steering Committee approved the creation
of a science panel in November 2004 to develop
criteria for the scientific evaluation of habitat
restoration projects. Meanwhile, draft actions were
developed primarily during subwatershed meetings held in October and November 2004 and
attended by members of the WRIA 9 Steering
Committee, Technical Committee, Planning Work
Group, and other interested individuals. Applying
the criteria to the draft projects, the Science Panel
evaluated and scored proposed on-the-ground
projects. A separate set of evaluation criteria was
developed for scoring habitat protection actions
within the Marine Nearshore and Middle Green
River Subwatersheds.
The Steering Committee also authorized the
creation of feasibility and effectiveness criteria as
a socioeconomic/political screen for evaluating
actions. WRIA 9 Watershed Coordination Services
staff applied the criteria to those actions the
Science Panel scored in the top two tiers (the most
beneficial projects), and also considered tier 3
actions for inclusion on a case-by-case basis.
Programmatic actions developed primarily
through the subwatershed action identification
meetings also were evaluated using just the
feasibility and effectiveness criteria. (Programmatic actions were not evaluated by the Science

3) Plan Implementation: The third strategy is Plan
implementation, which includes on-going monitoring and adaptive management. A key component of this Plan, monitoring and adaptive management provides a scientific approach to evaluating actions that are being implemented for their
success in recovering Chinook as well as a way to
test hypotheses regarding expected outcomes from
specific actions. This third strategy also ties back to
the action evaluation tools developed by the
science panel and the feasibility and effectiveness
criteria. With these tools, future actions can be
evaluated regularly and on-going Plan refinement
can occur.

2.3 PURPOSE OF VOLUME II
OF THE HABITAT PLAN
The purpose of Volume II of the Habitat Plan is to:
• Provide easy access to additional detail and
background information in support of the Habitat
Plan recommendations. This includes background on the scientific basis for the Habitat Plan
as well as information on how the Plan was
developed; and
• List projects for further consideration during the
second 10 years of the Habitat Plan (2016-2025).
Although the projects described in Chapter 7
(Proposed Actions and Policies to Achieve a Viable
Salmonid Population) of the Habitat Plan are

1. Preliminary findings at the time of publication of the Habitat Plan indicate that the transition zone may extend from river mile 6.5 to
river mile 4.7 during the critically important time of juvenile salmon migration. Confirmation of this information will lead to adjustments in
Plan actions recommended to improve transition zone habitat.
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priorities for implementation during the first 10
year of the plan, projects in Appendix G could be
considered for implementation during 2006-2015
if opportunities to conduct them arise and would
be lost if not acted on. It is expected that adaptive
management will provide information that allows
a re-evaluation of potential projects listed in
Appendix G.

embraced the other five “planks,” the watershedplanning plank did receive nearly universal support. In
WRIA 9, all 16 local governments – 15 cities and King
County – in the watershed (plus Tacoma Public Utilities) provided financial support for the planning
process and the majority participated in the developing the Habitat Plan.

2.5 WRIA 9 ORGANIZATIONAL STRUCTURE
2.4 LEGAL FOUNDATION FOR
WRIA 9 WATERSHED PLANNING
The State of Washington passed several laws in 1998-99
directing planning efforts to address issues of habitat
degradation in fresh and salt water through watershed
planning. House Bills 2514 and 2496, and Senate Bill
5595 identified geographic areas, organizational
structures, and funding mechanisms to develop and
implement watershed plans throughout the state.
House Bill 2514 was primarily focused on in-stream
flow issues, whereas House Bill 2496 and Senate Bill
5595 were focused primarily on addressing habitat
limiting factors.
The geographic areas identified for these planning
efforts are called Water Resource Inventory Areas
(WRIAs). The WRIAs were originally designed as
stream inventory areas by the state. Washington State
is divided into 62 WRIAs. The Green/Duwamish and
Central Puget Sound Watershed is WRIA 9.
Under House Bill 2496 (and reasserted by Senate Bill
5595), the State Conservation Commission was tasked
with developing a Limiting Factors Report for each of
the Water Resource Inventory Areas in Washington.
This legislation also called for lead entities in each of
the WRIAs to establish a Steering Committee and
Technical Committee to identify funding priorities for
salmon conservation and to develop a strategy or plan
for addressing salmon habitat limiting factors.
The WRIA 9 salmon habitat planning effort was advanced by the Tri-County Model Conservation Planning Program. Beginning in 1998, the Tri-County
initiative brought together local governments, environmental groups, and businesses in Snohomish, King,
and Pierce Counties to address the habitat-related
factors of salmonid decline. Watershed (WRIA)-based
habitat plans were among the six “planks” identified as
part of habitat-focused recovery efforts. It is noteworthy that while not all local governments in King County

Watershed-focused salmon habitat planning began in
1998 with the creation of the WRIA 9 Steering Committee. King County was nominated by WRIA 9 governments as the “lead entity” in the Green/Duwamish and
Central Puget Sound Watershed. King County Executive Ron Sims invited representatives of a variety of
interests to participate on a citizen-stakeholder
steering committee for WRIA 9. The Steering Committee was established later in 1998 and consists of
representatives from local, state, and federal governments, the environmental community, businesses, and
other interests (a complete list of past and present
Steering Committee participants is provided at the
beginning of the Plan). The Muckleshoot Indian Tribe
was invited to participate but did not do so. Although
not active at the policy level, the Tribe and WRIA 9
participants have shared salmon habitat information
over the years.
The purpose of the Steering Committee as described in
the interlocal agreement among all WRIA 9 local
governments signed in 2000 is to:
Work cooperatively to address long-term
planning and watershed conservation, and
develop WRIA-based watershed plans that
address watershed protection, restoration and
salmon recovery.
In addition to developing the watershed Near-Term
Action Agenda (Kulzer (Ed.) 2002) and this Habitat
Plan, an important task performed by the Steering
Committee annually since 1999 has been to select and
rank projects within the WRIA as part of the state
Salmon Recovery Funding Board funding process.
Steering Committee involvement in this process has
contributed to the receipt of over $7.3 million for 16
projects in the WRIA. In addition, the challenging
process of evaluating the technical strengths of
projects and weighing less-tangible social, economic,
and political factors helped prepare Steering Commit-
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is an integral part of salmon habitat protection and
restoration in the Green/Duwamish Watershed portion
of WRIA 9 and relies on a partnership between the U.S.
Army Corps of Engineers and local governments.
The Project Selection and Evaluation Committee
managed the annual Steering Committee evaluation
and ranking of projects proposed for funding by the
Salmon Recovery Funding Board. These projects are an
essential part of the WRIA 9 habitat effort.
The Science Panel was authorized by the Steering
Committee in November 2004 to develop a technical
evaluation process and reviewed proposed Habitat
Plan actions for technical merit.
The Steering Committee is the citizen-stakeholder body that developed this
Habitat Plan. October 2002 photo.

tee members for the difficult task of preparing this
Habitat Plan.
The Steering Committee was supported by a variety of
committees that have evolved over the years since
1998 to meet the changing tasks of the Steering Committee:
A Planning Work Group supported the Steering
Committee by framing policy questions, developing
recommendations, responding to public comments,
and working with the Technical Committee to craft and
conduct analyses that moved science into policy.
A Technical Committee assisted the Steering Committee by identifying key scientific questions, guiding
research, and evaluating scientific information as it
became available.
The Public Outreach Work Group supported the
planning process by promoting public involvement
and education. The group advised the Steering Committee on how to best obtain citizen input and how to
efficiently provide citizens the information they
needed to make informed decisions during public
input opportunities.
The Green/Duwamish Ecosystem Restoration Project
Management Committee helped manage implementation of the 45-project Green/Duwamish Ecosystem
Restoration Project. The Ecosystem Restoration Project

With the exception of the Technical Committee and
Science Panel, membership on the committees was
open to anyone who wished to be involved. Membership on the Technical Committee and Science Panel
was limited to people with specific expertise consistent
with the tasks of these groups. All committee meetings
were open to the public. Membership varied over time,
but in all cases, a common core of people on each
subcommittee provided continuity and historical
perspective.
During 1998-2000, King County provided staff support
to the WRIA 9 Steering Committee and supporting
committees. Several State and Federal grants and
programs helped fund the planning effort during these
years. However, the inability of King County to continue to pay for this work and the regional nature of
watershed planning led the local governments to
develop a more equitable and sustainable way to pay
for watershed planning for salmon habitat recovery.2
Beginning in 2001, 16 local governments in WRIA 9
entered into an interlocal agreement regarding salmon
habitat planning (later, the City of Tacoma- Tacoma
Public Utilities also signed the agreement) and establishing the WRIA 9 Forum of local governments, the
body responsible for executing the agreement. (The
WRIA 9 Forum was not a wholly new body but rather
the result of merging the predecessor Green/
Duwamish Forum and a portion of the predecessor
Central Puget Sound Forum.) This agreement provided a mechanism and governance structure for the
joint funding, development, review, and approval of
WRIA-based watershed plans. The agreement also

2. King County continues to be the “lead entity” for WRIA 9 but its responsibilities in this role are limited to managing the Salmon
Recovery Funding Board proposal evaluation process.
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established the responsibilities of the parties, the
planning products, decision making regarding the
Habitat Plan, and how staff services would be provided. Each jurisdiction made an annual financial
contribution to support a small Watershed Coordination Services staff provided to the WRIA by King
County. The maximum financial or resource obligation
of any participating eligible jurisdiction under the
agreement is limited to its share of the cost of developing plans and does not include the costs of implementation. The Watershed Coordination Services staff was
responsible for working with the partner jurisdictions,
the Steering Committee and its subcommittees, and
the general public to develop both the Near-Term
Action Agenda (Kulzer (Ed.) 2002) and this Habitat
Plan.
Additional funding in support of scientific/technical
work for this Plan was provided by the Salmon Recovery Funding Board and the King Conservation District.
King Conservation District grant revenues have been
and are expected to remain important. Every year, a
portion of the assessment on most property parcels in
the watershed (currently $5 per parcel but proposed
for an increase to $10 beginning in 2006) is earmarked
for high-priority activities identified by the Forum. The
Forum typically recommends that these funds be
spent on on-the-ground projects, property acquisition,
stewardship activities, scientific assessments, and key
planning steps. Forum-recommended grant applications are submitted to the King Conservation District
Board of Supervisors for consideration for funding.
The interlocal agreement also set forth the approval
process for the final Habitat Plan. Under the approval
process, the Steering Committee is responsible for
developing the Habitat Plan. The Habitat Plan will then
be forwarded to the Forum of local governments,
which can approve it or return it to the Steering
Committee for further consideration and amendment
and thereafter return it to the Forum for final approval.
This maximizes the likelihood that the Habitat Plan
will benefit from a range of citizen-stakeholder perspectives and yet still be embraced by the WRIA 9 local
governments.

2.6 HIGHLIGHTS OF CURRENT WRIA 9
SALMON CONSERVATION ACTIONS
Much work focused on protecting and restoring
salmon habitat already has occurred in the Green/
Duwamish and Central Puget Sound Watershed (WRIA
9). Those actions that are WRIA-wide are summarized
here to create a backdrop for the actions that are
recommended in Chapter 7, Proposed Actions and
Policies to Achieve a Viable Salmonid Population. In
addition, smaller-scale, more limited efforts also are
contributing to improvements in the watershed and
several are summarized here to provide a more complete picture.
A more detailed list of accomplishments in recent
years can be found in the following documents available at the WRIA 9 website (http://dnr.metrokc.gov/
Wrias/9/index.htm):
• Near-Term Action Agenda for Salmon Habitat
Conservation: Green/Duwamish and Central
Puget Sound Watershed – Water Resource Inventory Area 9 (May 2002), which summarizes much
of the progress through 2001 (Kulzer (Ed.) 2002);
• 2002 Implementation Progress Report for the
Near-Term Action Agenda (WRIA 9 2003); and
• 2003 Implementation Progress Report for the
Near-Term Action Agenda (WRIA 9 2004).
At the grassroots level, there are thousands of motivated, informed citizens making a positive difference
every day. The watershed is home to countless private
property landowners whose concern for their land, its
resources, and impacts on people living downstream
propel them to be good stewards of land and water.
These people variously practice natural yard care,
maintain their septic systems, dispose of hazardous
wastes appropriately, control noxious and non-native
invasive weeds, practice sustainable forestry, and leave
a portion of their land “wild” where it can provide an
on-going stream of ecosystem goods and services for
themselves and the broader community.
Although a comprehensive examination of all current
efforts is beyond the scope of this Plan, a look at what
has been done in recent years by just one community
– agriculture – provides a vignette of the range and
depth of efforts underway. Unlike many other economic activities, agriculture is confined to areas with
good soils, which usually coincide with the flood-
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plains of salmon-bearing rivers and streams. Consequently, finding ways for farmers and fish to coexist
has been a priority for King County. Through individual actions and in cooperation with the King
County Department of Natural Resources and Parks,
the King Conservation District, the Natural Resource
Conservation Service, Washington State University
Cooperative Extension, Horses for Clean Water, and
the King County Agriculture Commission, farmers
along the Green River and the Enumclaw Plateau have
expended considerable effort to reduce the impacts of
farming on salmon even in the midst of intense
development pressures and the economic uncertainty
that characterizes agriculture.

King Conservation District staff work with farmers to develop farm
stewardship plans to protect water quality and habitat. Photo courtesy of
King Conservation District.

Every dairy in WRIA 9 now has a Washington State
Department of Agriculture Dairy Nutrient Management Plan. Many farms have developed farm management plans, which help protect soils, habitat, and
water quality. King County’s passage of the Livestock
Management Ordinance in 1993 has resulted in
fencing of streams to keep livestock out. Cooperation
between farmers and King County produced the
Agricultural Drainage Assistance Program, which
assists farmers in implementing best management
practices that protect fish and water quality as they
maintain drainage ditches. A 1979 voter initiative has
funded the purchase of development rights for thousands of acres of agricultural land under the Farmland
Preservation Program, which guarantees streamside
rural land stays in agriculture and prevents urban
development that has far greater impacts on fish
habitat. Because of the relatively healthier salmon

habitat associated with farmlands, farmers were the
early focus of salmon habitat protection efforts. These
efforts have required a lot of energy and money from
farmers that have yielded benefits for all residents of
the watershed.
Likewise, there are non-agricultural businesses that
have dedicated energy and resources to protecting
environmental health. Many of these businesses have
been recognized with EnviroStars certification and can
be found in the King County Green Business Directory.
The Master Builders Association of King and
Snohomish Counties has worked with local governments and environmental groups to identify and
promote BuiltGreen™, a voluntary program that
recognizes construction that reduces environmental
impact, including reduced water consumption and
stormwater.
The people of the watershed have spawned a diverse
array of community, environmental, and educational
groups/programs that create on-the-ground improvements for salmon, water quality, and environmental
protection in general. Some of these groups work on
projects or programs across the watershed while
others focus on stewarding streams in their own
backyard. Some groups consist of a few dedicated
souls while others involve hundreds and have paid
staff. In addition to on-the-ground efforts to protect
and restore habitat, these groups and programs help
make salmon conservation relevant to the broader
public.
While the following list may be incomplete, it provides
a flavor of the array of organizations working to
improve the health of this watershed through on-theground action, education, and advocacy:

•
•
•
•
•
•
•
•
•

Beach Naturalist Program volunteers;
Cascade Land Conservancy;
Cascades Conservation Partnership;
Duwamish River Cleanup Coalition;
Earth Ministry;
Environmental Coalition of South Seattle;
Environmental Science Center of Burien;
Friends of Des Moines Creek;
Friends of Fauntleroy Creek/Fauntleroy Watershed
Council;

• Friends of Soos Creek Park;
• Friends of the Green River;
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• Green/Duwamish Watershed Alliance;
• Horses for Clean Water;
• International Marine Association Protecting
Aquatic Life (I’M A PAL);

• Longfellow Creek/Roxhill Bog Community;
• Marine Science and Technology Center – Highline
Community College;

• Marine Vo-Tech Center at Seahurst Park – Highline
School District;

Groups of local governments have teamed up to
identify and solve stormwater quality, stormwater
quantity, and salmon habitat issues in several of the
basins that make up the WRIA 9 watershed. Basin
plans have been developed for the Des Moines Creek
and Miller/Walker/Salmon Creeks basins. Many of the
actions in the Des Moines Creek basin plan are being
carried out now. These actions will benefit salmonids
other than Chinook in freshwater environments and
improve water quality inputs to the marine nearshore.

• Mid-Sound Regional Fisheries Enhancement
Group;

• Middle Green River Coalition;
• Normandy Park Community Club - Miller/Walker
Stream and Wetland
Restoration Team;

• People for Puget Sound;
• Puget Soundkeeper Alliance;
• Save Habitat And Diversity Of Wetlands
(SHADOW);

•
•
•
•

Seattle Aquarium;
Soos Creek Area Response;
Trout Unlimited;

Turning Basin #3 is a Port of Seattle property restored under the Elliott
Bay/Duwamish Restoration Panel effort. May 2003 photo.

Washington Trout;

• White Center Ponds Neighborhood;
• Vashon-Maury Island Audubon Society; and
• Vashon-Maury Island Land Trust.
The energy and talent tapped by these groups has
protected high-value habitats, restored aquatic resources, and motivated people to embrace more
salmon-friendly personal habits.
The 16 local governments in WRIA 9 have initiated
policies, programs, and practices that manage or
regulate development within their jurisdictional
boundaries as well as improve their own operations to
better conserve salmon habitat. Actions undertaken as
of 2001 by jurisdictions, including programs, policies,
practices, or studies, were summarized in Appendix A
of the Near-Term Action Agenda (Kulzer, Louise (Ed.)
2002).
More recently, many of the local governments have
updated their regulations to protect habitat and have
applied for National Pollutant Discharge Elimination
System Phase II stormwater permits, which require
commitments to improved stormwater management.

Serving as a resource to individuals, groups, and local
jurisdictions, the King Conservation District plays a
key role in promoting better stewardship of natural
resources in the watershed. Its staff works with
interested landowners and groups to promote
conservation through demonstration projects,
educational events, technical assistance, and best
management practices for livestock, wildlife, and farm
plans. The King Conservation District also provides
$600,000 in grants annually to high priority salmon
habitat assessment and restoration projects in
cooperation with the WRIA 9 Forum of local
governments.
The Duwamish and Elliott Bay have been the focus of
multiple efforts to restore degraded habitat. The multiagency Elliott Bay/Duwamish Restoration Panel
restored half a dozen sites during the 1990s and early
2000s. As the major land owner in this area, the Port of
Seattle has restored several acres of habitat throughout
the Duwamish and Elliott Bay and incorporates
salmon-friendly designs into the redevelopment of its
marine facilities. Another major step in the improve-
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Meanwhile, Tacoma Public Utilities is implementing its
Habitat Conservation Plan in the Upper Green and
Middle Green River Subwatersheds. The Habitat
Conservation Plan is a 50-year agreement between the
utility and NOAA Fisheries and the U.S. Fish and
Wildlife Service that covers water diversion and land
management activities such as logging in the Upper
Green River Subwatershed. Among its provisions are
the construction (completed in 2004) and operation of
an upstream fish passage facility at the Tacoma
Headworks. The Habitat Conservation Plan also
includes habitat projects and monitoring focused on
salmon.
Engineered log jams and gravel were placed in the Green River at river mile
60 in 2003 by the U.S. Army Corps of Engineers. September 2004 photo
courtesy of U.S. Army Corps of Engineers.
ment in the Duwamish will be made by the numerous
partners involved in the Lower Duwamish Waterway
Superfund cleanup. To date, this long-term cleanup
effort has assessed sediment pollution in the
Duwamish and begun clean up in several locations. In
the years ahead, more sites will be cleaned up, reducing risks to human health and improving the estuarine
ecosystem on which salmon depend. As part of the
Superfund process, it is expected that a natural resources damages assessment and settlement will lead
to the creation of additional habitat.
At the other end of the watershed, the U.S. Army Corps
of Engineers is carrying out the Howard Hanson Dam
Additional Water Storage Project. This project is
designed to improve flows in the river and enable
Tacoma Public Utilities to increase the amount of
water it withdraws from the Green River for its water
supply. Construction of a multi-million dollar state-ofthe-art Downstream Fish Passage Facility at Howard
Hanson Dam began in January 2004. Combined with
upstream fish passage facilities constructed by Tacoma
Public Utilities, it will open the Upper Green River to
anadromous salmonids for the first time in nearly a
century. In addition, 3,900 cubic yards of gravel were
trucked in and placed in the Green River downstream
of the Tacoma Headworks in summer 2003 and summer 2004. Placement of 3,900 cubic yards will continue
each summer for the foreseeable future subject to
funding and adaptive management. This gravel
placement will provide vital spawning gravel to substitute for the sediment blocked by Howard Hanson
Dam.

A number of initiatives govern forestry practices in
WRIA 9. The Washington State Department of Natural
Resources and Plum Creek Timber have developed
Habitat Conservation Plans with NOAA Fisheries and
the U.S. Fish and Wildlife Service that allow them to
continue logging using practices that provide improved management of riparian areas, wildlife habitat,
and roads. The Forest & Fish Agreement developed the
current forest practices rules that cover private forest
lands not managed under a specific habitat conservation plan.
Three Washington State agencies have regulatory and
programmatic responsibilities throughout the WRIA
that have a significant impact on salmon:
• The Washington State Department of Fish and
Wildlife manages fishery harvests in cooperation
with the Muckleshoot Indian Tribe. The department operates the century-old salmon hatchery
on Soos Creek as well as rearing ponds at Palmer
and Icy Creek. The agency also enforces fishing
regulations in the freshwater and marine portions
of WRIA 9. Finally, the agency is responsible for
issuance of Hydraulic Project Approval permits,
which regulate when and how construction occurs
on shorelines and in water bodies, including lakes,
streams, rivers, and the marine nearshore.
• The Washington State Department of Natural
Resources has land management responsibilities
for state trust timberlands in the Upper Green
River Subwatershed and aquatic lands in the
Marine Nearshore Subwatershed.
• The Washington State Department of Ecology is
responsible for water quality management through
management of the 303(d) list and development of
Water Cleanup Plans (also known as Total Maximum Daily Loads).
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In addition to its shared responsibility for managing
fish harvest, the Muckleshoot Indian Tribe operates a
hatchery on Crisp Creek, sponsors habitat restoration
projects, and advocates for improved management
and reduction in impacts to fishery habitat and resources.
The U.S. Army Corps of Engineers, in cooperation with
local jurisdictions, the Muckleshoot Indian Tribe, and
others, is a leader and principal funder of the Green/
Duwamish Ecosystem Restoration Project. Developed
in the late 1990s, this project crafted an ecosystem
restoration plan covering the Green/Duwamish
Watershed portion of WRIA 9 (it did not include the
Marine Nearshore Subwatershed). The project seeks to:
• Enhance the physical nature of existing degraded
habitats;
• Improve existing ecosystem functions and processes;
• Address factors limiting fish and wildlife productions; and
• Restore habitats for anadromous fish such as
salmon and trout.
The program will construct a wide variety of habitat
restoration projects and conduct studies to help guide
their efforts. Most of the recommended habitat
projects of the Ecosystem Restoration Project are
included in this Habitat Plan. As of early 2005, the
federal government had provided nearly $2 million to
begin implementing the first of the 45 projects of the
Green/Duwamish Ecosystem Restoration Project.
Transcending the boundaries of WRIA 9, several
agencies and programs are focused on the habitat
challenges in the marine waters of Puget Sound. The
Puget Sound Action Team helps coordinate efforts by
Washington State and other governmental partners to
protect Puget Sound. The Puget Sound Nearshore
Ecosystem Restoration Project is a U.S. Army Corps of
Engineers project with co-sponsorship from state and
local governments. It will identify nearshore habitat
acquisition and restoration projects throughout Puget
Sound, including WRIA 9. As part of overall efforts to
protect Puget Sound, the Washington State Department of Natural Resources designated the Maury
Island State Aquatic Reserve as the first such reserve in
the state in 2004.

The groups, governments, and programs above have
protected and restored habitat with significant help
from others. From 1999 to 2004, the state Salmon
Recovery Funding Board has awarded $7.3 million to
16 projects throughout the watershed to purchase
high-value habitat, restore degraded habitat, and
assess watershed conditions in support of better
management. These state-federal contributions have
in turn leveraged millions of dollars more from other
sources. As mentioned previously, federal financial
support also has been essential for the Green/
Duwamish Ecosystem Restoration Project and the
Howard Hanson Dam Additional Water Storage Project.
The activities and accomplishments listed above are
merely a summary of most of the major efforts to
protect and restore salmon habitat in WRIA 9. There
are others not cataloged here due to space limitations
but which are contributing to habitat recovery.
It is in this context of existing actions that the recommendations of this Habitat Plan were developed. The
policies and actions listed in the following pages are
intended to complement and build on the accomplishments and current initiatives listed above.
The tremendous accomplishments by the individuals,
groups, and governments listed above have been
improving the health of the watershed for several
decades. Implicit in the ambitious recommendations
of this Habitat Plan is the assumption that the good
work of the past and present can be matched or
exceeded in the decades ahead.

High quality marine nearshore habitat, shown here south of Point
Robinson, is included in the Maury Island State Aquatic Reserve. April 2003
photo.
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2.7 SALMON HABITAT PLANNING
IN THE PUGET SOUND REGION
Salmon habitat planning similar to that occurring in
WRIA 9 is also underway in nearby WRIAs. Individual
watershed salmon habitat planning is feeding into the
development of a regional recovery plan. The Puget
Sound Shared Strategy, providing support to NOAA
Fisheries in the recovery planning process, is creating
the regional Puget Sound Salmon Recovery Plan for the
Puget Sound Evolutionarily Significant Unit of Chinook
salmon that ties together harvest management,
hatchery practices, and habitat protection and restoration. The efforts of WRIA 9, along with those of other
WRIAs in the Puget Sound area, will inform and be
informed by the Shared Strategy.
Ultimately, it is NOAA Fisheries that will decide what is
the official recovery plan for Puget Sound Chinook.
The recovery plan will set numeric and other goals for
recovery and the criteria for success, which are aimed
at “delisting” Chinook salmon as “threatened” under
the Endangered Species Act. (The U.S. Fish and
Wildlife Service is responsible for the recovery plan for
bull trout.)

2.8 WRIA 9 HABITAT PLANNING STRATEGY
In 2000, the WRIA 9 Steering Committee developed a
four-task strategy for the salmon habitat planning
challenges it faced. Two tasks culminated in scientific
reports and two concluded with action plans.
Habitat Limiting Factors and Reconnaissance Assessment Report (December 2000) As its first task, the
Steering Committee and the Washington Conservation
Commission teamed up to develop a Habitat Limiting
Factors and Reconnaissance Assessment Report to
begin to lay the groundwork for the future development of a habitat plan for the WRIA. Many individuals
and organizations contributed information to the
report. The bulk of the assembly and writing was done
by staff from King County and the Washington Conservation Commission.

The Habitat Limiting Factors
and Reconnaissance Assessment Report answered the
question: What do we know
now about salmon and
salmon habitat in our
watershed? It covered both
fresh and salt water habitats
for salmonids in the geographic boundaries of
WRIA 9 (including Vashon/
Maury Island).
The report provided:
• A summary of what was known about current and
past salmonid species and habitat conditions in
the WRIA for future reference;
• Baseline information for the WRIA (based on data
available at the time) for use in the development
and implementation of an adaptive management
approach;
• Habitat factors contributing to salmon decline,
key findings, and associated data; and
• Preliminary guidance for policy makers to determine next steps, including principles to guide
salmonid recovery.
Despite the reference to “limiting factors” in the title of
the report, the document did not include a thorough
analysis of factors limiting salmonid populations in
WRIA 9 owing to lack of sufficient data. Nonetheless,
the report compiled and organized a large amount of
information and subsequently provided a foundation
for additional technical assessment and planning
efforts in WRIA 9. The report is available on-line at:
http://dnr.metrokc.gov/Wrias/9/Recon.htm
(See Chapter 10 for full reference (Kerwin and Nelson
[Eds.] 2000)
A similar, complementary report, completed in mid2001, provided more detailed information on the
marine nearshore ecosystem of Puget Sound. The
Reconnaissance Assessment of the State of the
Nearshore Ecosystem Report is available on-line at:
http://dnr.metrokc.gov/wlr/watersheds/puget/
nearshore/sonr.htm
(See Chapter 10 for full reference (Brennan (Ed.) 2001)
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Near-Term Action Agenda (May 2002) The Action
Agenda outlined early, voluntary steps to ameliorate
some of the factors that were negatively affecting
salmon and salmon habitat. The Near-Term Action
Agenda was a guide to actions that local governments
and other implementers could
take during the 2002-2005
period as resources and opportunities became available. It
was an interim step that
remained in effect until this
Habitat Plan is completed. A
number of its recommendations have been included in this
Habitat Plan due to their
importance and continued
relevance. It also summarized existing efforts by local
partners, with a focus on the actions by local governments. Two annual progress reports summarized
additional actions in 2002 and 2003. (See Chapter 10
for full reference (Kulzer (Ed.) 2002))
Strategic Assessment (February 2005) The Strategic
Assessment was conducted between 2002 and 2005,
and built upon information in the Habitat Limiting
Factors and Reconnaissance Assessment Report
described above. It included research to fill important
information gaps, in particular those concerning the
health of Chinook salmon. It resulted in a more complete understanding of problems and opportunities in
the watershed related to salmon and salmon habitat
protection and restoration. The Strategic Assessment
provides the majority of the scientific foundation for
the Habitat Plan and is summarized in Chapter 4,
Scientific Foundation. (See Chapter 10 for full references (King County Department of Natural Resources
and Parks et al. 2004))
Comprehensive Salmon Habitat Plan (August 2005)
This Habitat Plan will guide long-term habitat protection and restoration actions in the watershed and is
the final product of the WRIA 9
planning process. Because of
increasing understanding of
salmonid habitat restoration
issues, a key component of the
Habitat Plan is an approach for
adaptive management that will
allow decision-makers to
respond to new information
and opportunities for improving habitat in the WRIA. This

Habitat Plan will be included in the overall recovery
plan for Chinook salmon in Puget Sound for which the
federal government is ultimately responsible. The
recovery plan will include hatchery and harvest
measures and elements of habitat plans for other
Puget Sound watersheds, complementing the recommendations of this Plan.

2.9 GENERAL SCOPE OF THE HABITAT PLAN

Overall Approach
The WRIA 9 Steering Committee refined its approach
and the general scope of the Habitat Plan in the course
of several meetings in 2002. The following statement
captures the consensus that was reached at the September 12, 2002, meeting:
The Habitat Plan will use an ecosystem
approach to watershed management, with a
focus on federally listed species. The process
will include evaluation of ecosystem
interactions, and plan recommendations will
emphasize restoration of ecosystem processes
where possible.
This approach is expected to produce conditions that
benefit all native aquatic species. Management of
non-listed species will focus on preventing future
listings and ensuring that protection of non-listed
species is not put at risk.

Geographic Area of Focus
Because the Habitat Plan uses an ecosystem
approach, the geographic area of focus is the aquatic
ecosystems within WRIA 9 and the landscape-level
processes that affect these aquatic ecosystems.
Where actions address listed species (Chinook and
bull trout), the geographic area of focus would be the
nearshore, mainstem river, and tributaries where
listed species exist or could occur in the future.
The geographic area of WRIA 9 for salmon habitat
planning purposes includes the Green/Duwamish
Watershed proper (divided into four subwatersheds),
the marine nearshore and uplands from West Point in
Seattle to the Pierce County line, and Vashon/Maury
Island (Figure 1-1).
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Bull Trout and Other Species

Watershed Partnerships:
Reliable Implementation Elements

In addition to addressing the habitat needs of Chinook,
this Habitat Plan will also provide habitat improvements for bull trout, listed by the U.S. Fish and Wildlife
Service as threatened in November 1999. The ecosystem approach – with a focus on habitats and the
processes that create those habitats – is intended to
benefit all salmonid species.

The WRIA 9 habitat planning process is both a sciencebased and a community-based collaborative effort. In
tandem with the scientific philosophy described
above, it is the philosophy of this approach that the
management actions to achieve and sustain a viable
Chinook salmon population and a healthy watershed
ecosystem will be reliably implemented.

Very little is known about bull trout presence and use
of habitats in WRIA 9 but Appendix K of Volume II
provides a matrix showing how the recommendations
in this Habitat Plan address the bull trout recovery
actions listed in the Draft Recovery Plan for the
Coastal-Puget Sound District Population Segment of
Bull Trout (U.S. Fish and Wildlife Service 2005).

Reliable implementation is likely to depend on creation of necessary authorities, expression of commitments, provision for funding and staffing, effective
enforcement, and a dedication to working with the
people of the watershed in a cooperative manner.

Hatchery and Harvest
The Habitat Plan currently does not address hatchery
and harvest practices because these are the responsibility of the co-managers (Treaty Tribes and the
Washington State Department of Fish and Wildlife). As
of mid-2005, the WRIA 9 partners were informed that
the Washington State Department of Fish and Wildlife
had committed to lead the effort to complete the
integration of habitat, hatchery, and harvest recovery
efforts at both the watershed level and at the regional
level.

Habitat Plan Goals

Implementation of this Plan also should foster coordination and integration with other conservation efforts.
Recommendations of the Green/Duwamish Ecosystem
Restoration Project are actually folded into this Plan.
The implementation of others, such as fish passage to
and from the Upper Green River, also are considered
essential to long-term salmon recovery in the watershed.

Use of Terms
In providing policy guidance for WRIA 9 recommended
actions, this Plan adopts the same definitions of
“should,” and “shall,” as the King County Comprehensive Plan. The use of the terms “shall,” “will,” “should,”
and “may” in policies determine the level of discretion
exercised in making future and specific land use,
budget, development regulation, and other decisions.

The goals of the Habitat Plan are to:
• Protect and restore physical, chemical, and
biological processes and the freshwater, marine ,
and estuarine habitats on which salmonids
depend;
• Protect and restore habitat connectivity where
feasible;
• Protect and improve water quality and quantity
conditions to support healthy salmonid populations; and

“Shall” and “will” in a policy mean that it is mandatory
to carry out the policy, even if a timeframe is not
included. “Shall” and “will” are imperative and nondiscretionary. Therefore, decisions are based on what
the policy says to do.
“Should” and “may” in a policy means that it provides
noncompulsory guidance. “May” and “should” in a
policy means that there is discretion available in
making decisions.

• Provide an implementation plan that supports
salmon recovery.
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3.1 INTRODUCTION
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For ease of reference in this Habitat Plan, this entire area is referred to
as the Green/Duwamish and Central Puget Sound Watershed or
simply WRIA 9.
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Water Resource Inventory Area 9 (WRIA 9) consists of the Green/
Duwamish Watershed and Central Puget Sound Watershed (Figure 11). The Green/Duwamish River flows over 93 miles from the Cascade
Mountains to Elliott Bay, and the Green/Duwamish River watershed
covers 482 square miles. The Central Puget Sound Watershed, the
smaller portion of WRIA 9, consists of the short independent stream
basins that drain to Puget Sound from West Point south to the Pierce
County line and the associated shorelines of Puget Sound. Also
included in WRIA 9 for salmon habitat planning purposes is Vashon/
Maury Island.1 The land area of the Central Puget Sound watershed
totals 93 square miles and the marine waters make up an additional
89 square miles. Overall, the planning area of WRIA 9 encompasses
664 square miles of land and water.
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1. Vashon/Maury Island is in two different WRIAs for planning purposes: 1) WRIA
9 for salmon habitat; and 2) WRIA 15 (Kitsap) for water supply.
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WRIA 9 is bordered on the north by the Lake Washington/Cedar/
Sammamish Watershed (WRIA 8) and to the south by the Puyallup/
White River Watershed (WRIA 10). Historically, the Green River joined
the White River in Auburn. Farther downstream, in Tukwila, the
Cedar/Black Rivers joined the Green/White Rivers to form the
Duwamish River, which meandered 15 miles farther to empty into
Elliott Bay (Figure 3-1). The three major rivers drained a watershed of
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WRIA 9 is divided into five subwatersheds for planning purposes
(Figure 1-1):
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FIGURE 3-1: Duwamish Drainage Prior to
1900 and After 1916
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about 1,600 square miles. The area draining into Elliott
Bay today is about 30% of the size it was a century ago.

3.2 HUMAN DEVELOPMENT HISTORY
Between the retreat of the ice 12,000 years ago to 1850,
human history and land use in the watershed was the
story of the Indian tribes. Duwamish, Suquamish, and
other Salish peoples developed a lifestyle centered on
the annual runs of the salmon and steelhead. The fish
occupied a central role in their economic, cultural, and
spiritual lives.

The physical characteristics of WRIA 9 have been
affected by a legacy of development and human
activities in the watershed. These alterations have
affected important habitat forming processes and
shaped existing salmonid2 habitat throughout the
watershed.

European settlement began in 1851 in the Duwamish
estuary area (Kerwin and Nelson [Eds.] 2000). WRIA 9
was one of the first areas of Puget Sound extensively
settled by immigrants in the late 18th century.
Beginning in the 1880s, extensive logging occurred
across much of the watershed and agricultural land
use expanded south to fill much of the Kent Valley from
Tukwila to Auburn. Small towns such as Kent and
Auburn were established to serve the farmers.

“As habitats shrink, they are no
longer capable of supporting
populations large enough to
maintain themselves; many are
locally extirpated even though
some attributes of the habitat
remain.”
King County Department of Natural
Resources and Parks, 2004

The habitat changes in WRIA 9 are well documented.
The area and continuity of native vegetation has been
transformed from the original composition and
arrangement to alternative structures and functions.
This transformation and its effects are described in the
Best Available Science Report (King County Department of Natural Resources and Parks 2004a). Some of
the transformation processes that have occurred over
the past century are continuing today as the human
population growth of WRIA 9 increases.

The 19th century and the early 20th century brought
river channelization for navigational purposes, diversion of major Green/Duwamish tributaries for flood
abatement and water supply, construction of diversion
dams for municipal water needs, and filling of tidelands for development. The Duwamish estuary was

This chapter includes the following elements:
• Section 3.2 provides a brief description of the
history of human development in the watershed;
• Section 3.3 highlights impacts on salmonids and
their habitat at the watershed level;
• Section 3.4 describes factors of decline specific to
each subwatershed;
• Section 3.5 characterizes the factors of decline
beyond the scope of this Plan; and
• Section 3.6 outlines policies that serve as guidance
for protecting salmonid habitat and/or minimizing further degradation.

FIGURE 3-2:
Photograph of Fish Trap on a Green River Tributary Taken In
1923 Near Auburn. (Property of White River Valley Museum,
Auburn.)

2. Salmonids include salmon, trout, and chars (including bull trout) from the Family Salmonidae.
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intensively dredged and filled
between 1900 and 1940, continuing to a lesser degree until
the 1970s.

12,000 BC
Ice age ends and the Puget
Sound glacier retreats.
Thousands of years
before present
Indian peoples thrive on the
salmon and other resources
of the watershed.
1851
First settlers arrive in
Duwamish estuary area.
1866
Population of valley starts
to grow in earnest.
1870s
Major railroads build lines.
1880-1910
Major logging occurs.
1888
Northern Pacific Railroad
constructs east-west line
through the watershed.
1889
Washington granted
statehood.
1895
Duwamish East Waterway
construction begins.
1900
Extensive logging on Vashon Is.
1902
Green River Hatchery
completed.
1906
Major flooding in rivers
during fall and winter; log
jam forces White River south.
1909
Harbor Island, at the time
the world’s largest
artificial island, is
completed in 1909.
1911
The White River is
completely diverted to
Puyallup River to reduce
flooding problems
1913
City of Tacoma
completes its Headworks
water diversion dam on
the upper Green River.
1916
Lake Washington Ship
Canal completed. Cedar
River diverted to Lake
Washington. Most of
Black River dries up.

Between 1906 and 1916, the
White and Cedar/Black Rivers
were diverted from the Green/
Duwamish River. The White
River was diverted in 1906 for
flood control, and the Cedar
River was diverted between 1912
and 1916 when the Hiram M.
Chittenden Locks were constructed and the level of Lake
Washington was lowered (Figure
3-1). The re-routed Cedar River
provides water to operate the
locks. Tacoma Public Utilities
completed its headworks
(diversion dam) in 1913 to draw
65 cubic feet per second worth
of water from the Green River for
its water supply, and the total
diversion capacity was subsequently increased to 113 cubic
feet per second (Culhane et al.
1995). The White and Cedar/
Black River basins combined
previously comprised approximately 70% of the watershed in
total acreage and contributed a
commensurate amount of flow
to the lower Green/Duwamish
River. Because of these two
diversions, the area presently
draining into Elliott Bay is
approximately 482 square miles,
which is about 30% of the size it
was a century ago. The reduction
in drainage area has increased
salinity levels in and decreased
the size of the Duwamish
estuary.

During the middle of the 20th century, economic
development fostered further construction of levees
and dams to reduce flooding, construction of roads
and other transportation infrastructure, and industrial, commercial, and residential development.
Howard Hanson Dam and its storage facility were
constructed in 1962. Tacoma Public Utilities acquired a well field along the North Fork tributary of
the Green River in 1975 to provide an alternate
source of drinking water during times of high
turbidity in the Green River. Bulkheads, seawalls,
and piers were added to the nearshore environment.
An estimated 64% of the nearshore has some form of
armoring to accommodate residential and commercial development. Although armoring has occurred
on Vashon/Maury Island, it has occurred to a lesser
extent than on the mainland.
In the early 20th century, the region experienced a
dramatic increase in human population, predominantly in urban areas in the western one-third of the
watershed. As the Puget Sound population centers
continued to expand through the 1970s, 1980s, and
1990s, WRIA 9 experienced increasing urbanization
throughout what would become the Urban Growth
Area under the King County Comprehensive Plan
(King County 2004). Smaller cities in the Middle
Green River Subwatershed such as Black Diamond
and Enumclaw were joined by Covington and Maple
Valley in the 1990s as rapid population growth and
development shifted eastward. In 2004, the population in WRIA 9 was estimated at 630,000 (adapted
from Puget Sound Regional Council data). About
89% of the population lives within the Urban Growth
Area and 11% live in the Rural Area. Land development estimates indicate the biggest areas of future
development will be in the Middle Green River
Subwatershed and along the nearshore. Black
Diamond is the city projected to have the greatest
increase in housing development in the Middle
Green River Subwatershed over the next 20 years
(Kerwin and Nelson [Eds.] 2000).
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During the last 30 years of the 20th century, government agencies and the public began to support environmental protection measures and growth management. The federal government passed environmental
legislation to protect undeveloped land, wetlands,
shorelines, and endangered species habitat. State and
local government began to embrace policies to manage development growth an protect shorelines, undeveloped land, wetlands, and farmlands. For a more
extensive history of human development, land uses,
and environmental protection measures in WRIA 9, see
Part II of the Habitat Limiting Factors and Reconnaissance Assessment Report (Kerwin and Nelson [Eds.]
2000). For a synopsis of some of the significant current
efforts to recover salmon and their habitat, see Chapter
2, Introduction.
Table 3-2 in Section 3.6 of this chapter summarizes the
percentages of designated land uses in WRIA 9 by
subwatershed. For a spatial representation, refer to the
Land Use Designation Map (Figure 3-3) in Section 3.6.

“By intentionally and unintentionally altering how landscapes
work, modern human societies
transformed whole regions into
new worlds to which salmon are
not well adapted.”
Montgomery 2003

3.3 WRIA-WIDE FACTORS OF DECLINE
Factors of decline are the natural and human caused
factors that contribute to the decline of salmonids
(Kerwin and Nelson [Eds.] 2000). Several factors of
decline have been identified throughout the five
subwatersheds of WRIA 9. Two of these factors of
decline are considered WRIA-wide in effect: land use
alterations and water quality changes. These widespread factors of decline in the WRIA are described in
this section. Section 3.4 contains information on
conditions and factors of decline specific to each
subwatershed.
Some of the causes attributable to human activities
include:
• Hydropower operations and other impacts from
dams;
• Over-exploitation from fishing (harvest);
• Poor hatchery practices; and
• Degradation of habitat through land use and
water-use practices.
In addition, climatic and ocean changes are
responsible for natural variability that provides a
background of change. Predation of salmonids by
mammals, birds, and other fish during different life
history stages also has an impact on salmon
populations.
Although the relative impact of these different factors
varies among basins and river systems, habitat loss
and degradation are considered contributing factors in
the decline of most salmonid populations (Spence et
al.1996).
The potential impacts of harvest and hatcheries are
described in Section 3.5.
This Habitat Plan addresses, to the extent practicable,
human impacts on salmonids with regards to the
habitat within the watershed planning area.
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General Factors of Decline
Human development and activities over the last 150
years have resulted in significant physical changes to
WRIA 9. These changes have resulted in many direct
and indirect impacts to salmonid habitat structure and
function, as well as to habitat forming processes.
Watersheds with a high degree of urbanization are less
likely to have good stream health, whereas watersheds
with a low degree of urbanization are more likely to
good stream health (Booth et al. 2002). Impacts on
salmonid habitat in WRIA 9 linked to human interactions include:
• Extensive urbanization coupled with industrial,
agricultural, and residential development has
reduced channel and shoreline complexity, added
impervious surfaces, filled wetlands, and altered
stormwater runoff patterns throughout the
watershed;

3.4 FACTORS OF DECLINE
SPECIFIC TO SUBWATERSHEDS
Some factors of decline relate specifically to different
subwatersheds within WRIA 9. Conditions and factors
of decline specific to each subwatershed are
summarized in this section (see Figure 1-1 for a map
showing the subwatersheds).
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• Levees and revetments sever the connections
between the mainstem river and off-channel
habitats such as side channels, off-channel
sloughs, and tributary mouths;
• Bulkheading in the marine nearshore has effects
similar to levees/revetments, but also has cut off
much of the sediment supply to marine habitats;
• Water withdrawals lower the quantity of water in
the river and its tributaries; and
• Many of the connections between the river and its
floodplain and other riparian areas have been
eliminated through development infrastructure
(e.g., dams, roads, railroads, sewers, etc.). This
isolation of the mainstem channel from adjacent
floodplains and habitats has altered the natural
functions provided by these areas. Functions that
have been altered include perennial and seasonal
off-channel habitat and refuge, groundwater
recharge, flood infiltration, and supply of gravel
and large woody debris.
Table 3-1 provides greater detail on the relationship
between activities and factors of decline. These factors
generally apply to all freshwater, estuarine, and
nearshore environments. Those that are unique to the
estuarine and/or nearshore environments are noted.

Box culvert
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Replacing old culverts
with box culverts will
help open up stream
habitat.

The Upper Green River Subwatershed contains the
headwaters of the Green River and represents approximately 45% of the area and stream mileage of the
Green/Duwamish Watershed. The river flows generally
west and northwest from the Cascades through 30
miles of steep, densely forested valleys (Figure 7-1).
Howard Hanson Dam is located immediately below
the confluence of the North Fork Green River with the
Green River at river mile 64.5. When filled, the Howard
Hanson reservoir inundates 4.5 miles of mainstem and
3.0 miles of tributary habitat.
The primary purpose of the Howard Hanson project,
operated by the U.S. Army Corps of Engineers, is flood
control. The Corps operates the project to prevent
flood flows over 12,000 cubic feet per second at Auburn
and to provide a minimum flow of 223 cubic feet per
second from the dam. This lower flow ensures that 110
cubic feet per second passes through the Palmer
stream gage, located downstream of the Tacoma
Headworks. (Culhane et al. 1995). The reservoir is kept
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TABLE 3-1: Factors of Decline
Examples of Activities or
Impacts Related to Factor of Decline

Factor of Decline

Description

Reduced Water Quality

Changes to temperature, dissolved oxygen, chemical
and microbiological contaminants and nutrients,
suspended sediment/turbidity

Stormwater runoff, lack of shade due to loss of riparian
vegetation, increases in impervious surfaces, use of synthetic
pesticides/fertilizers in agricultural and residential/commercial
settings, aquaculture, waste water and historic industrial
effluent

Modified Hydrology
(does not apply to marine
nearshore)

Alterations in water storage and flow via surface
water (e.g., lakes, streams, and wetlands) or ground
water

Stormwater runoff, water withdrawals, diversions, dams,
reservoir inundation, increases in impervious surfaces, altered
timing and magnitude of flows, frequency of side-channel
connectivity, accessibility of habitat to fish, channel stability,
constrained salmonid migration due to low flows, reduced or
degraded wetland functions

Alteration of Sediment
Transport Processes

Changing the movement of sand, gravel, and other
sediment downstream or along marine shorelines

Clearing and grading practices, forestry activities, and
construction practices contributing increased levels of fine
sediments; dams, roads and vegetation removal activities
affecting the frequency and magnitude of landslides or rate
of erosion; sediment starvation and scouring; bulkheads and
armoring of marine shorelines

Hydromodification

Changes to the channel or banks of the river;
includes changes in the amount of in-channel large
woody debris

Bank hardening, levees, loss of large woody debris, dams,
channel straightening, dredging, filling, habitat
fragmentation, loss of side channel and other off channel
habitats, loss of channel and habitat complexity, loss of
connection to floodplain, loss of channel migration,
accessibility of habitat to fish, reduced or degraded wetland
functions

Estuarine: Changes to estuarine tributary and
distributary channels
Nearshore: Changes to independent channels or
banks
Loss of Habitat in Migratory
Corridor (Nearshore)

Degradation or elimination of shallow-water habitats,
such as mud flats, eelgrass, and kelp beds

Shoreline armoring, dredging, filling, and overwater
structures

Degraded Riparian Condition

Absence of or altering the presence of native
vegetation along the shorelines

Bank hardening, shoreline armoring, overwater structures,
increase in impervious surfaces, vegetation removal,
competition from invasive/noxious weeds, agricultural and
forestry practices, reduced riparian habitat functions (shading,
bank stability, nutrients, etc.)

Reduced Sediment Quality
(Estuarine)

Increased presence of metals, organics, and other
substances in sediments at levels that exceed
standards or affect food chains

Stormwater runoff, malfunctioning septic systems, point
source discharges, agricultural practices, oil spills, historic and
ongoing industrial/commercial discharges

Alteration of HabitatForming Processes
(Nearshore)

Interruption or other modification of processes that
form nearshore habitat, such as sediment transport
and freshwater input

Shoreline armoring; development on top of and below banks,
bluffs, and beaches; changes in flow due to diversion of
rivers or streams

Fish Passage Barriers

Limiting the accessibility of a stream or river reach
to fish

Culverts, dams, drops in water levels, dikes, levees, flapgates

Non-Native Species

Introduction of plant and animal species whose
natural distribution did not include Puget Sound

Fishery management stocking, intentional introduction of
gamefish by anglers, and liberation of baitfish by anglers;
introducing non-native vegetation
Nearshore: Ballast water discharge, packing materials from
foreign seafood, intentional or unintentional establishment by
the aquaculture industry

Source: Kerwin and Nelson (Eds.) 2000
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downstream fish passage facilities at Howard Hanson
Dam as part of the Additional Water Storage Project.
The upstream fish passage facility was completed in
2004 by Tacoma. Test passages of fish are expected in
2006 with regular operation beginning in 2007.
The primary land use in the Upper Green is forestry
(99%). The upland vegetation is a patchwork of old
growth, second growth, and recently logged areas.

low during most of the winter to capture and delay
runoff. In the spring, the reservoir is allowed to fill.
Reservoir water is released during the summer to
provide water for Tacoma’s municipal water supply,
which is withdrawn three miles downstream, and
augment summer low flows to benefit salmonids.
Since 1962, Tacoma Public Utilities has diverted
between 75 and 113 cubic feet per second of water
from the mainstem Green River at river mile 61 to
meet the needs of the rapidly expanding population in
Puget Sound (Washington State Department of
Ecology 1980). In 1985, the Washington State
Department of Ecology granted a water right permit to
Tacoma for an additional 100 cubic feet per second
diversion (priority date 1933), subject to the minimum
instream flows for the Green River. Water withdrawals
by Tacoma now also are governed by the terms of its
50-year Habitat Conservation Plan.

The placement of forest dirt roads and railroads
immediately adjacent to the mainstem and streams in
the subwatershed has reduced or degraded riparian
habitat functions such as providing shade and input of
large woody debris. Streamside roads also have reduced the creation of new habitat by limiting lateral
channel migration. Increased rates of erosion and
alteration of sediment transport processes due to
logging and road building have also resulted in aggradation (sediment build up) in reaches in the Upper
Green River Subwatershed that has, in some instances,
resulted in flows going subsurface during the late
summer (U.S. Forest Service 1996).

The water withdrawals and flow control affect the
timing and magnitude of instream flows, reduce the
base flows, and can lead to changed channel morphology as well as a loss of connectivity with the floodplain
(Spence et al. 1996). These factors lead to an overall
reduction of quality and quantity of salmon habitat
(Kerwin and Nelson [Eds.] 2000).
Sediment (gravel) and large woody debris transport
from the Upper Green to the Middle Green is curtailed
by the Howard Hanson project (the effects of this are
discussed further in the Middle Green River
Subwatershed subsection below).
At present, Howard Hanson Dam and the Tacoma
Headworks block upstream fish passage to and downstream passage from the Upper Green Subwatershed.
This is expected to change with the completion of

The Upper Green River, shown here at river mile 81, contained some
pool-riffle habitat. August 2001 photo.
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Logging practices near Green River tributaries have
reduced riparian habitat functions (such as shade and
instream large woody debris), increased sedimentation
(in particular the introduction of fine sediments into
the systems via on-going erosion), decreased water
quality, and altered stream hydrology. A railroad and
extensive logging road network has also resulted in
numerous fish passage barriers.

Middle Green River Subwatershed

Lake Meridian in Kent, looking east. This area of the Middle Green River
Subwatershed is undergoing extensive urbanization. July 2004 photo.

Dams, levees, revetments, and residential and agricultural land use along the mainstem in this
subwatershed have changed the natural flow regime,
caused sediment starvation and scouring, reduced the
amount and size of large woody debris, reduced
channel complexity, reduced side channel and other
off-channel habitats, and reduced or degraded riparian
habitat functions.
The Middle Green River Subwatershed extends from
Howard Hanson Dam at river mile 64.5 to river mile 32,
just downstream of the confluence of Soos Creek with
the Green River. Tacoma Public Utilities operates its
drinking water diversion dam (“Headworks”) at river
mile 61. Below the diversion dam, the Green River
flows between steep forested valley walls before
emerging from the mouth of the Green River Gorge at
the upstream end of Flaming Geyser State Park (river
mile 45.6). Newaukum Creek flows in from the south at
river mile 40.7. The river flows through a broad valley
about a mile wide on average to its confluence with
Soos Creek at river mile 33.9. Levees and revetments
constrain channel migration in significant portions of
the reach below Flaming Geyser State Park (Figure 7-2).
The major land uses in the Middle Green River are
residential (50%), forestry (27%), and agriculture
(12%). The Middle Green River Subwatershed includes
the cities of Covington, Maple Valley, Black Diamond,
Enumclaw, and a portion of Kent, and is bisected by
the Urban Growth Area Line.3

Howard Hanson Dam completely blocks large woody
debris and sediment (gravel) from the Upper Green
from reaching the Middle Green and beyond. As a
result, there is a gravel deficit because winter flows
flush sediments downstream of Howard Hanson Dam
with no replenishment from the Upper Green. This has
resulted in channel incision (downcutting) and subsequent armoring (removal of smaller sediments leaving
bare rock or large boulders). Lack of sediment has a
significant effect on spawning in the river downstream.
Armoring is believed to have altered the reach between
river mile 61 and river mile 57 and may be affecting the
river downstream of the Green River gorge (Perkins
1993; Perkins 2000). Significant channel incision may
reduce the amount of available rearing habitat by
increasing the amount of time that side channels are
disconnected from the mainstem during low flows.
Because of this, coupled with a reduction in coarse
sediment inputs from upstream, sand-sized material
(which is not suitable for spawning) now comprises a
much larger proportion of the total bedload.

3. Note that municipal boundaries do not follow watershed and/or subwatershed boundaries. Refer to Figure 1-1 for boundaries of
cities in relation to the subwatershed and watershed boundaries.
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Despite the many problems described above, the
Middle Green River mainstem retains some of the best
spawning and rearing habitat left in the watershed.

Lower Green River Subwatershed

Residential, agricultural, and some urban developments along Soos Creek, Newaukum Creek, and other
tributaries to the mainstem have reduced and degraded wetland and riparian functions. Similarly, these
activities have reduced forest cover and increased
impervious surfaces leading to hydrologic disruption
to stream flow, channel degradation, increased sedimentation, and decreased water quality. Road construction and protection measures for private property
have rechanneled streams, limited their lateral migration, and created barriers to fish passage. The amount
and size of large woody debris have also been limited.
Non-native plant species encroach on riparian habitat
in some areas, degrading the quality of habitat.

The Middle Green River, shown here near river mile 39, contains the best
remaining spawning and rearing habitat. Note recently recruited large
woody debris (trees that fall in the river). May 2005 photo.

The Lower Green River Subwatershed begins at river
mile 32 and extends downstream to river mile 11, the
confluence with the old Black River. The subwatershed
is characterized by a broad, flat floodplain across
which the river meanders. Historically, the White River,
the Cedar/Black River, and the Green River all joined in
this reach to form a single large river. The White River
was diverted by a log jam in 1906 to flow south through
the Stuck River to join the Puyallup. This diversion was
made permanent in 1911 with the construction of a
retaining wall in Auburn. Approximately 80% of the
Lower Green River Subwatershed has a levee or revetment on at least one bank in response to periodic
flooding. Springbrook Creek, Mill Creek, and Mullen
Slough are the major tributaries of the Lower Green
River (Figure 7-3).
Residential land uses constitute about half of the
subwatershed area with industrial and commercial
uses comprising about 27%. Mixed uses, parks, and
agriculture comprise the remaining land uses. A
portion of the cities of Algona, Auburn, Federal Way,
Kent, Renton, SeaTac, and Tukwila are located within
the Lower Green River Subwatershed.4
Urbanization, water diversions, levees, and revetments
on the mainstem have gradually lowered the floodplain and resulted in disconnection of off-channel
habitats such as sloughs and adjacent wetlands from

4. Note that municipal boundaries do not follow watershed and/or subwatershed boundaries. Refer to Figure 1-1 for boundaries of cities
in relation to the subwatershed and watershed boundaries.
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Duwamish Estuary Subwatershed

The Lower Green River, shown here at river mile 16 in Kent, is mostly
leveed and its banks host more invasive weeds than native plants.
February 2005 photo.

the mainstem. Juvenile fish migrating downstream
have few places to take refuge from high flows.
The river is starved of large woody debris and consequently lacks associated instream habitat complexity,
such as pools and riffles. Low flows, associated with
water withdrawals and the diversion of the White River,
have exacerbated low flow conditions and contributed
to adult salmon migration problems. The loss of
mature native riparian vegetation has been accompanied by extensive amounts of non-native plants. These
same human activities and developments have caused
chronic water quality problems, particularly in the
tributary streams.

The Duwamish Estuary Subwatershed begins at river
mile 11, which is the historical confluence of the Black
River and the Green/White River, and ends at the
mouth of the river where it empties into Elliott Bay.
The Duwamish Estuary historically contained over
4,000 acres of tidal marshes and intertidal mudflats.
Major tributaries to the Duwamish include Hamm
Creek and Riverton Creek. The upper portion of the
Duwamish (above river mile 5.5) has levees and
revetments (originally to protect agricultural lands but
which now protect residential/commercial areas),
whereas the lower Duwamish industrial area has been
dredged and filled to support navigation and waterdependent businesses. Approximately 42% of the
Duwamish is comprised of industrial land uses and
29% is comprised of residential land uses. Parts of the
cities of Tukwila and Seattle are located within this
subwatershed (Figure 7-4).
The Duwamish Estuary has been dredged and
channelized, and 97% of the estuarine mudflats,
marshes, and forested riparian swamps have been
filled. The Duwamish Estuary was filled between 1900
and 1940 to create Harbor Island and the East and West
Waterways, largely to support industrial and shipping
activities. Most of the lower five miles of the Duwamish
has little or no native riparian vegetation remaining.
Development patterns and land uses have also significantly polluted water and sediments in the remaining
channel via stormwater and wastewater effluents and
historic industrial contaminants.
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Development and shoreline modifications in the
Duwamish, combined with river diversions upstream,
have resulted in a reduction of transition zone habitat,
the location where juvenile salmonids make the
transition from fresh water to salt water. The almost
complete loss of marshes and swamps has significantly
reduced the ability of this part of the watershed to
support juvenile rearing. Lack of riparian vegetation, extensive infestations of non-native plants,
armoring, and piers mean that the shoreline habitat
remaining is of poor quality.

Marine Nearshore Subwatershed

Taken together, these changes dramatically reduced
the quality and quantity of estuarine habitat, which
is particularly important to juvenile Chinook
salmon.

Looking southwest over the Lower Duwamish, showing its straightened
alignment. Kellogg Island is at center. July 2004 photo.

The Marine Nearshore Subwatershed encompasses the
Puget Sound shorelines of mainland WRIA 9 including
Elliott Bay, Vashon/Maury Island, and the small
streams that drain directly into Puget Sound. The
northern boundary of the Marine Nearshore
Subwatershed is West Point in the city of Seattle, and
the southern boundary is the King-Pierce County line
just west of Dumas Bay in the city of Federal Way. The
seaward boundary of the marine nearshore is the outer
limit of the photic zone (approximately 100 feet below
mean lower low water), or the depth beyond which
there is insufficient sunlight for active photosynthesis.
However, the subwatershed itself includes the deeper
waters of Puget Sound as well. The major streams in
this subwatershed include Longfellow, Fauntleroy,
Salmon, Miller/Walker, Des Moines, Massey, McSorley,
Lakota, and Joe’s Creeks (Figure 7-5).
Along the mainland, residential development comprises 68% of the subwatershed and industrial land
uses comprise 10%. Residential land uses and zoning
accounts for 92% of the lands on Vashon/Maury
Island. Most of the mainland portion of the
subwatershed is incorporated into the cities of Seattle,
Burien, SeaTac, Normandy Park, Des Moines, and
Federal Way.5

5. Note that municipal boundaries do not follow watershed and/or subwatershed boundaries. Refer to Figure 1-1 for boundaries of
cities in relation to the subwatershed and watershed boundaries.
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3.5 OTHER FACTORS OF DECLINE
This Habitat Plan provides strategies and actions for
protecting and restoring salmonid habitat as one piece
of the overall effort to recover threatened salmonids in
Puget Sound. Yet there are other factors of decline at
play in the watershed as a result of hatchery operations, harvest, predation, and climatic/oceanic
changes. Human-controlled factors of decline within
this list are hatchery and harvest operations, which are
described in this section.

The marine nearshore on the mainland shown here in West Seattle, is
characterized by intense urban development. July 2004 photo.
Development and shoreline modifications in
nearshore areas has resulted in the loss of nearshore
habitat and marine riparian vegetation and disconnected nearshore habitats from habitat-forming
processes (sediment sources, hydrology, riparian
vegetation, etc.), similar to the impacts described
previously in the Middle and Lower Green River
Subwatersheds subsections. The nearshore on the
mainland also has been affected by urbanization in the
small drainages that empty directly into Puget Sound.
These streams suffer from lack of riparian vegetation,
extensive infestations of non-native plants, excessive
sedimentation, high storm flows, and serious water
quality problems.
Bulkheads and seawalls have filled shallow water
habitats, and these changes have resulted in reduced
juvenile rearing area, loss of marine riparian vegetation and associated invertebrate food sources, and
isolation of the nearshore aquatic environment from
sediment sources. In Elliott Bay, piers shade shallow
water habitat, which reduces the productivity of that
habitat and may alter salmonid migration patterns.
The effect of these changes has been to reduce the
quality and quantity of nearshore habitat available to
salmonids.

Local governments do not have the authority to effect
direct change for hatchery operations and harvest
practices. However, discussions between local governments and those with decision-making authority
about the implications of these activities on habitat
will benefit overall Plan implementation. This discussion is expected to occur in the first years of implementation of the Plan.

Hatchery Operations
The earliest purpose for hatcheries was to produce
large numbers of fish for harvest to compensate for
declines in wild salmon populations. As salmon
habitat was altered or destroyed by dams, forestry, and
urbanization, hatchery production was viewed as a
way to mitigate for lost natural production.
Impacts of artificial production on wild salmon
populations likely include, but are not limited to:
• Genetic impacts, which affect the loss of diversity
within and among populations and reproductive
success in the wild;
• Ecological impacts, such as competition with wild
populations, predation, and disease; and
• Demographic impacts that directly affect the
physical condition, abundance, distribution, and
survival of wild fish.
The Washington State Department of Fish and Wildlife
and the Treaty Tribes (“co-managers”6), along with
federal fisheries officials play a major role in the Puget
Sound and Coastal Washington Hatchery Reform
Project launched by Congress in 2000 (Hatchery

6. The Boldt Decision (United States v. Washington) established the co-manager (Tribal and State) construct for managing fishery
resources within Washington.
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Scientific Review Group 2005). The federally-appointed
Hatchery Scientific Review Group was tasked with the
review and oversight of hatchery reforms for state,
tribal, and federal hatcheries throughout the state. The
Washington State Department of Fish and Wildlife also
completed, in conjunction with the other co-managers, a Hatchery Resource Management Plan in 2004
that developed specific, scientific criteria for Chinook
hatchery operations on a regional basis.

Harvest Practices
The management of salmon harvest is a complex
undertaking that occurs at multiple scales. Intercepting fisheries in Alaska and British Columbia are
managed cooperatively by Canada and the United
States in compliance with the Pacific Salmon Treaty
(Pacific Salmon Commission 1999), a process that is
overseen by the Pacific Salmon Commission. Outside
(ocean) and inside (Puget Sound and state rivers)
fisheries in Washington, Oregon and California, are
managed by the Secretary of Commerce via the North
of Falcon Process, which is overseen by Pacific Fisheries Management Council.
The Pacific Fisheries Management Council (2000)
acknowledges the following effects of harvest practices
on salmonids and their habitat:
• Reduction of the number of fish returning to the
river to spawn (escapement) and the amount of
carcasses that enhance smolt growth and survival
through the contribution of significant amounts of
nutrients to streams;
• Commercial or recreational fisheries of important
prey for salmon (e.g., herring, sardine, anchovy,
squid, smelt, groundfish and crab) may lead to a
reduction in salmon populations. In addition,
fisheries of important prey for pinnipeds7 could
increase pinniped predation on salmon; and

The peak recorded harvest landed in Puget Sound
occurred in 1908, when 95,210 cases of canned Chinook salmon were packed. This corresponds to a run
size of approximately 690,000 Chinook salmon at a
time when both ocean harvest and hatchery production were negligible. Recent mean spawning escapements totaling 71,000 correspond to a run size entering
Puget Sound of approximately 160,000 fish. Based on
an exploitation rate of one-third in intercepting ocean
fisheries, the recent average potential run-size would
be 240,000 Chinook salmon (Pacific Salmon Commission 1994). Harvest impacts to Puget Sound Chinook
were historically very high. In its 1992 annual report,
the Pacific Salmon Commission estimated that for the
1982-89 brood years, the ocean exploitation rates on
natural stocks averaged 56-59% and total exploitation
rates averaged 68-82%. On some stocks, exploitation
rates exceeded 90%.
Escapement (the number of adults reaching the
spawning grounds) to rivers in Puget Sound is monitored by the co-managers. The escapement goal being
used for naturally spawning Green River Chinook is
5,800 fish. This goal, derived by averaging the estimated numbers of spawners over a 12-year period
from 1965 to 1976, was established in 1977. Annual
management recommendations for fisheries in this
area are developed according to the Pacific Coast
Salmon Plan of the Pacific Fisheries Management
Council. The recommendations are provided to the
Secretary of Commerce, who implements these measures within U.S. waters (the Exclusive Economic Zone)
if they are found to be consistent with the Magnuson–
Stevens Act (1996) and other applicable laws. It is
important to note that the Pacific Coast Salmon Plan
provides for the modification or annual management
objectives for those stocks, including the Puget Sound
Chinook, that are managed under federal court order.

• Vessel operations and the use of fishing gear can
reduce the quality of habitat through increasing
sedimentation, damaging redds (spawning egg
nests in stream gravel), causing bank erosion, and
increasing turbidity.

7. Pinnipeds are marine mammals with flippers, such as seals, walruses and sea lions.
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4) Reducing Impacts of Human Population
Growth and Development; and

3.6 RECOMMENDED POLICIES TO MINIMIZE
IMPACTS ON SALMON HABITAT

5) Promoting Citizen Education and Stewardship
In a significantly altered system such as WRIA 9,
capital improvements to restore, rehabilitate, and
substitute habitat cannot protect and increase
biodiversity alone. These actions must be
complemented by and supported with a sound
approach to land use and land use related activities.
The policies in this section provide guidance for
protecting, minimizing and preventing further
degradation of salmonid habitat in WRIA 9.

Using Innovations to Promote Habitat
Protection/Restoration
The policies in this category are designed to promote
habitat protection/restoration within the current
regulatory framework, recognizing that relevant
regulations and policies are not designed exclusively
for the protection of salmonid habitat. Local governments have the authority to interpret and apply land
use regulations/policies and provide incentives. They
can also encourage state and federal agencies to apply
their regulations/policies in ways that would provide
greater benefit to salmonids and their habitat in
WRIA 9.

The policies have been organized under the following
categories:
1) Using Innovations to Promote Habitat Protection/Restoration;
2) Protecting and Improving Hydrology and
Water Quality/Quantity;

The following table (3-2) and figure (3-3) are
references for the following policy (IN1).

3) Removing Barriers to Fish Passage;

TABLE 3-2: Designated Land Uses in WRIA 9

Land Use
Designations

Percentage of
Upper Green
River
Subwatershed

Percentage of
Middle Green
River
Subwatershed

Percentage of
Lower Green
River
Subwatershed

Percentage
of Green/
Duwamish
Estuary
Subwatershed

Percentage of
Nearshore
Subwatershed
(excluding
Vashon/Maury
Island)

Agriculture

11

5

Commercial

1

10

1

6

Forest Lands

100

Percentage of
Vashon Island
4

26

Industrial

1

17

44

10

Mixed Use

1

5

2

4

Residential

50

50

29

68

Mineral Resources

2

Other

2

7

10

4

Parks and
Open Space

5

6

4

8

2

22

100

100

100

0

Percent of
Subwatershed in
the Urban Growth
Area

0

92
1
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FIGURE 3-3

Land Use Designations
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Policy IN4:

Policy IN1:
Discussion:
Refugia are geographic locations or a collection of
habitat units that support a persistent population
during normal environmental perturbations. They
are important for long-term survival of fish populations.

Support new and existing incentives to protect
salmon habitat. Such incentives for local governments to choose from include but are not limited to:
• Mitigation banking and water rights acquisition
to protect habitat;
• Fee simple land acquisition and land exchange;
• Development rights purchase and transfer of
development rights;

Policy:
Local governments shall encourage activities
within the designated land uses of WRIA 9 that:
• Maintain, restore, and rehabilitate natural
watershed and ecological processes;
• Facilitate the expansion of refugia; and
• Enhance connectivity between refugia or from
the headwaters to Puget Sound.

• U.S. Department of Agriculture Forest Service
Legacy program, Wetland Reserve Program,
Conservation Reserve Enhancement Program,
Washington State Department of Fish and
Wildlife Small Forest Landowner Incentive
Program;
• Small Forest Landowners Riparian Easements
(RCW 76.13.140);
• Public Benefit Rating System (PBRS);
• Tax credit for water conservation/wastewater
reuse, sales tax exemptions, and tax reductions
for riparian and forest protection and restoration;

Policy IN2:
Support a shorelines exemption for properties
affected by salmon habitat restoration projects that
would relocate the location of the ordinary high
water mark.

• Conservation easements;
• Surface water fee reduction for landowners
with properties that are at least 65% forested
and have no more than 10% impervious
surface; and
• Streamlined permitting for single-family rural
residential landowners using stewardship
programs.

Policy IN3:
Support bioengineering alternatives for shoreline
bank stabilization and flood control facilities
where feasible. See King County’s Best Management Practices regarding bioengineering for
guidance.

Policy IN5:
Local governments should review parks and
grounds maintenance procedures and adopt
written best management practices that protect
salmon and salmon habitat.
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Protecting and Improving Hydrology and
Water Quality/Quantity (Water Quality/
Quantity Policies)
The loss of cool, clean water and altered hydrologic
cycles are key factors of decline for salmonids.
Development often leads to increases in
impervious surfaces that reduce groundwater
recharge and increase stream flows during storms,
pollution, water withdrawals, excessive sediment
input, and loss of forest cover, which all have been
connected with degraded hydrology, water quality,
and quantity.8 The following policies are designed
to minimize the potentially negative impacts of
development.
This Green River Flood Control Zone District levee setback project at river
mile 22 in Kent used bioengineering techniques. March 2004 photo.

Policy WQ1:
Policy IN6:
Local governments should evaluate shorelines and
critical areas under public ownership prior to sale
or exchange out of public ownership in light of
WRIA 9 salmon habitat priorities.

In the Rural Area,9 King County should work to
keep basin imperviousness below 10% or utilize
best management practices to maintain an equivalent stormwater runoff potential. At least 65% of
each stream basin surface area should be preserved as natural forest cover. In the Urban Growth
Area, local governments should strive to reduce
impervious surfaces and increase forest cover to
the extent possible.
Recommended practices include:
• Managing and maintaining storm drainage
systems to minimize the transport of pollutants into receiving waters;
• Using low impact development techniques to
manage stormwater from new (or re-) development;
• Promoting infiltration of clean stormwater
runoff where soils allow; and
• Retaining and/or planting natural vegetation
to promote infiltration and reduce flooding.

8. Please refer to Chapter 4, Scientific Foundation, for an explanation of water quantity and quality impacts. Also, see Part II of the
Habitat Limiting Factors and Reconnaissance Assessment Report (Kerwin and Nelson (Eds.) 2000) and the Draft Assessment of Current Water
Quantity Conditions in the Green River Basin (Northwest Hydraulics 2005) for more detailed descriptions on the causal relationships.
9. The “Rural Area” and the”“Urban Growth Area” are defined under the King County Comprehensive Plan. (King County 2004). The
Urban Growth Area Line divides the two areas (See Figure 1-1 and Figure 3-3). King County is the only local government that has jurisdiction
over the “Rural Area.”
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Policy WQ3:

Policy WQ2:
Local jurisdictions and developers should reduce the
volume of stormwater runoff through use of low
impact development techniques. Low impact
development includes the use of:
• Native vegetation and small-scale treatment
systems to treat and infiltrate stormwater runoff
close to where it originates;
• Clustering of buildings and narrower and
shorter roads to reduce total impervious areas
and leave larger areas in native vegetation;

Manage ground water in conjunction with surface
water to provide adequate surface water flows and
water temperatures for salmonids. Within the
urban areas, provide access to public wastewater
treatment systems to reduce use of on-site sewage
(septic) systems in areas with a direct ground
water connection to river and streams. In the Rural
Area, promote the best affordable on-site sewage
systems. Local governments should coordinate as
appropriate with water and sewer districts and
state agencies to:

• Infiltration in urban areas (e.g., bio-swales,
natural drainage systems, and vegetated “eco”
roofs); and
• Porous or permeable paving materials. Porous
paving materials are suitable for use in areas
with well-drained soils and significantly reduce
or eliminate the need for stormwater sewer
hookups. Suitable uses include sidewalks, trails,
residential driveways, residential streets, and
parking lots.

• Study, map, and analyze key groundwater
resources and recharge areas and use this
information in land use planning and environmental review;
• Protect against negative impacts on designated critical recharge areas (see Habitat Plan
policies and programs addressing impervious
surface reduction, stormwater management,
retention/addition of native vegetation, and
water conservation and reuse);
• Manage the mix of ground water and surface
water consumption seasonally to maximize
the benefits to salmonid habitat and ground
water recharge;
• Develop drought preparedness guidelines that
minimize the impacts on salmonid habitat by
identifying an optimal mix of ground and
surface water withdrawals; and
• Limit or preclude mining and other significant
excavation activities below the water table or
where removal of material would deplete
critical soil materials that store, filter, or
convey groundwater resources.

Bio-swales, such as these at the King County Library in Auburn, infiltrate
stormwater on site and reduce stormwater flows to streams. September
2002 photo.
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Removing Barriers to Fish Passage
Policy WQ4:
Policy FP1:
Local governments should assess current surface
water management standards, facilities, and
programs and strengthen them where necessary to
reduce entry of sediment and other pollutants to
salmon streams.

Policy WQ5:

Local governments should evaluate fish passage
barriers within their jurisdictions, assess which
barriers are most important to remove based on
the suitability of potential salmonid habitat that
would be opened, and add the high priority barrier
removals to Capital Improvement Programs (CIPs).

Discussion:
Reclaimed wastewater is water treated to such a
high level that it can be used safely and effectively
for non-drinking water purposes such as landscape
and agricultural irrigation, heating and cooling,
and industrial processing. Reclaimed water is
available year-round, even during dry summer
months or when drought conditions can strain
other water resources. The King County Regional
Wastewater Services Plan calls for expanding the
production and use of reclaimed water as a valuable resource.

Policy FP2:
Local governments should replace culverts with
bridges or arched-culverts that have natural
streambed material in the course of planned
maintenance and/or improvements.

Reducing Impacts Of Human Population
Growth And Development (Land Use)

Reclaimed water could potentially:
• Enhance or maintain fish runs consistent with
the regional Endangered Species Act response;
• Supply additional water for the non-potable
and indirect potable uses; and

Policy LU1:

• Preserve environmental and aesthetic values.
Policy:
Develop uses for reclaimed and reused wastewater
to reduce water demand.

Uphold the growth management and concentration principles of the King County Countywide
Planning Policies (1994). Specifically, support
maintaining the current Urban Growth Area Line
until 2015.

Replacement
Road

Policy LU2:

Box culvert

Replacing old culverts with
box culverts will help open
up stream habitat.

Encourage use of the Built Green™ building
program (or comparable programs) to provide
incentives for developers (private and public).
Incentives could include reductions in impact fees,
reduced or waived permit costs, and/or reduced
buffer widths.
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through mechanisms such as the WRIA 9 Steering
Committee and formal public involvement efforts.
This level of commitment to soliciting and using the
input of people with a range of opinions should
continue as part of the adaptive management/
implementation phase of this Plan.

Policy LU3:
New roads and infrastructure should be critically
evaluated for likely salmon habitat impacts, and
road building, clearing and grading within landslide hazard areas should be avoided or minimized except where necessary for public health
and safety.

Education/Information
Watershed partners should promote greater awareness of the watershed, its resources – including
salmon — and how people depend on and affect
those resources. This should be done through education and information that:

Policy LU4:
• Promotes understanding of the geographical
boundaries of our watershed and promotes a
“sense of place;”

Local governments should adopt the Tri-County
Regional Road Maintenance Endangered Species
Act Program Guidelines for maintenance of
existing infrastructure or an equivalent set of
practices.

• Increases awareness of how a healthy watershed
benefits people through improved water quality,
reduced flooding, greater recreational and
aesthetic benefits, and other ecosystem services;
• Informs them about the major health problems of
the watershed;

Promoting Citizen Education and Stewardship

• Informs them about the impacts of personal
choices on watershed health (e.g., single family
bulkheads on the marine nearshore, removal of
trees on runoff );

The public has a vital role to play in the protection and
restoration of salmon habitat in WRIA 9. Governmental
and non-governmental projects to protect and restore
salmon habitat will be undermined or overwhelmed
unless many of the 630,000 people of the watershed
help protect and restore healthy habitat.

• Explains what governments, businesses, nonprofit organizations, and private property owners
are doing to protect and restore habitat; and
• Gives a periodic status report of the health of the
watershed and its salmon populations.

Citizens should be enlisted to be partners in caring for
the watershed and its salmon in three main ways:

People who have this information will be more likely
to support watershed preservation – through stewardship, personal behavior changes, or political support –
than those who do not.

• By informing and educating them about the
watershed, its problems, and efforts needed to
protect and restore it;
• By involving them in stewardship of habitat
protection/restoration sites; and
• By taking voluntary personal action in daily life to
reduce harmful practices.
In addition to the three approaches listed above, ongoing dialogue with the public is necessary so that the
WRIA 9 partners hear about opportunities for new
projects, new ways of protecting and restoring habitat,
and public views of what is working and what should
be improved. WRIA 9 watershed efforts have been
characterized by a commitment to public input

This information/education effort would be carried
out by WRIA 9 and cross-WRIA partners (e.g., Shared
Strategy for Puget Sound) using print and electronic
media and personal contacts/presentations. It also
includes simple techniques such as posting interpretive signs at protection/restoration projects so people
are more aware of on-the-ground projects being
created with their tax dollars and/or volunteer labor.
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Enhancement Group, and local stream groups and
professional staff at the cities and King County, the
King Conservation District, Washington State University Cooperative Extension, and Puget Sound Action
Team. Additional stewardship is unlikely to occur
without additional people working to organize and
publicize volunteer opportunities or support private
property owners.

Stewardship programs, such as this forest stewardship class by King
County, give private property owners the information to help make good
habitat management decisions. March 2003 photo.

Beyond the obvious improvements on the ground from
increased stewardship, the experience of wielding a
shovel or controlling weeds creates a greater sense of
understanding of and responsibility for the parts of the
watershed in public ownership. This is expected to
gradually increase the level of public support for future
habitat efforts.

Volunteers affix 4-inch plastic
buttons with this image next to
Federal Way storm drains as
“prompts” for salmon-friendly
behavior.

Stewardship
Thousands of people contribute to the health of the
watershed through being good stewards of its land and
water. These people include:
• Farmers who conserve soil and protect water
quality;

Personal Action in Daily Life

• Forest owners who practice sustainable forest
practices;
• Individual property owners who keep a portion of
their property, especially streamside areas, in
native vegetation;
• Schools that make stewardship projects a part of
the curriculum; and
• Volunteers who plant native trees, water plants,
and control invasive weeds at habitat restoration
sites throughout the watershed.
Expansion of stewardship is vital to increase the
amount and quality of healthy salmon habitat
throughout the watershed. Increased and improved
stewardship needs to occur on a voluntary basis on
both private and public lands. This will require greater
support and recognition of property owners who are
good stewards of privately-owned land and re-doubled
efforts to recruit and retain volunteer stewards for
public lands.
Much private property stewardship and all stewardship on public lands is made possible by the volunteers
at non-profit groups such as Horses for Clean Water,
People for Puget Sound, Mid-Sound Regional Fisheries

With over 630,000 persons sharing the WRIA 9 watershed, the collective impact of daily actions is tremendous, for good or bad. Individuals make a big difference in watershed health as they conserve water,
practice natural yard care, follow good car maintenance and washing practices, and make other modest
changes in their daily activities.
Encouraging and sustaining voluntary changes in daily
behavior will require more than just information and
awareness. There is an increasing body of information
(identified through “community based social marketing”) that indicates that providing information alone
or encouraging changes in attitudes alone (e.g.,
through advertising) are not sufficient to create
changes in personal behavior.
Programs to encourage voluntary changes in people’s
habits frequently benefit when they rely on a series of
steps that:
• Identify the barriers to change;
• Seek to either remove as many barriers as possible
or overcome them through tools such as gaining
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commitment, providing “prompts” to remind
people of better practices, establishing norms,
relying on periodic communication, establishing
incentives, developing personal contacts, asking
neighbors to talk to neighbors, and improving
convenience;
• Pilot test the program to evaluate the overall
approach and make changes needed before
committing greater resources;
• Conduct the program; and
• Evaluate the success of the program by measuring
actual changes in behavior (as opposed to what
people say they do).

Policy ES1:
Support vigorous education/information efforts to
promote greater awareness of the watershed, its
resources – including salmon – and how people
depend on and affect those resources. School
districts are encouraged to include watershed
concepts and salmon recovery into school curricula, where feasible, and include watershed
stewardship as a community service opportunity.

The Natural Neighborhoods Yard Care Program developed and carried out by local jurisdictions is a good
example of a program that relies on this approach.
New or expanded programs to promote personal
action should have as many of the following attributes
as possible:
• The program focuses on changing specific behaviors that contribute to salmon habitat problems
(rather than general environmental education);

Policy ES2:
Support programs that foster stewardship among
private property owners, including providing
information at local public events, one-on-one
consultation and development of farm/forest/
conservation plans, and hosting classes and
workshops on practices that protect and restore
the health of land and water.

• The program focuses on the most significant
factors of salmonid decline;
• The program focuses on the behaviors easiest to
change;
• The program is designed to address a large percentage of the total problem, either across the
WRIA or within a given stream basin or nearshore
reach; and
• The program is the most cost-effective means of
changing the behavior.

Policy ES3:
Increase the number of volunteer stewardship
events, better promote the events, and strive to
retain volunteers over time for salmon restoration/protection projects on public lands.

The preceding lengthy description of the public role in
the watershed partnership is intended to underscore
the importance of citizen attitudes and actions in
recovering salmon habitat. Governments alone cannot
save salmon; success also depends on contributions
big and small by many of the people who live, work,
and play in the watershed.
Given the previous considerations, the Habitat Plan
recommends the following policies related to education, stewardship, and personal action:
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Policy ES4:
Develop, continue, expand, and improve programs
to encourage positive personal action in daily life
including:
• Natural yard care (water conservation, reduced
use of pesticides, improving soil, careful plant
selection, natural lawn care);
• Good car maintenance (fixing oil/coolant leaks,
recycling of used oil);
• Maintenance of septic systems;
• Minimize paving in single-family household
uses such as driveways and patios and instead
rely on pervious materials;
• Use of toxic-free products or methods to clean
roofs, sidewalks, decks, and driveways;
• Salmon-friendly car washing by individuals and
charity groups (keeping soap and oil out of
storm drains);
• Pet waste cleanup;
• Beach use etiquette (not damaging marine life
when tidepooling, leaving large woody debris
and drift logs in place);
• Patronizing of EnviroStars businesses; and
• Other practices of people in their daily lives that
are identified as having a significant impact on
watershed health.
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See Figure 4-3 for a visual presentation of the logic
train that includes the elements described above.

4.1 INTRODUCTION
The scientific foundation for the Habitat Plan for the
Green/Duwamish and Central Puget Sound Watershed
(Water Resource Inventory Area 9 [WRIA 9]) is built
upon knowledge of Chinook salmon, other salmonids,
and habitat conditions within the watershed. This
information is summarized in the WRIA 9 Strategic
Assessment Report (King County Department of
Natural Resources and Parks et al. 2004), which represents the scientific information used to support
development of policies and actions in the WRIA 9
Habitat Plan to address salmonid habitat needs. This
chapter of the Habitat Plan summarizes the key
components of the Strategic Assessment relevant to
the Plan.
The approach and guiding principles used to carry out
the scientific work in the Strategic Assessment were
influenced by several previous decisions by the WRIA 9
Steering Committee, including use of the viable
salmonid population (VSP) framework, the Habitat
Plan substantive scope and approach, and the Puget
Sound Technical Recovery Team (TRT) technical
guidance documents. The scientific foundation
includes information regarding historical and current
habitat conditions, salmonid population conditions,
and water quantity and quality. Specific information is
available on fish utilization, including juvenile migration and rearing patterns, habitat usage, and habitat
limiting factors and factors of decline. This information was used to examine the functional linkages
between habitat conditions and populations and help
guide the development of conservation hypotheses
and habitat-planning actions. (Functional linkages are
the qualitative and quantitative relationships between
habitat quantity and quality and the four VSP parameters of abundance, productivity, diversity, and spatial
structure.) The Strategic Assessment report provides
recommendations regarding necessary future conditions to support a viable population of Chinook
salmon, as well as necessary future habitat conditions
by subwatershed. The necessary future conditions,
themselves, are also essentially hypotheses about what
is thought to be necessary habitat to recover the Green
River Chinook population. The conservation hypotheses and necessary future conditions were then used to
develop habitat management strategies by
subwatershed (see Chapter 5) to guide the development of policies and actions (see Chapter 7) included
in this WRIA 9 Habitat Plan.

4.2 GUIDING PRINCIPLES FOR
THE SCIENTIFIC FOUNDATION
The guiding principles for the scientific foundation
included the following:
• Viable salmonid population (VSP) parameter
framework (McElhany et al. 2000);
• Habitat Plan Substantive Scope and Approach,
approved by the WRIA 9 Steering Committee in
2002; and
• Technical guidance document developed by the
Puget Sound Technical Recovery Team (2003) for
integrated recovery planning.

Viable Salmonid Populations (VSP) in WRIA 9
The viable salmonid population (VSP) guidance
(McElhany et al. 2000) was developed by NOAA Fisheries to guide conservation and recovery efforts. The VSP
approach is intended to help establish delisting goals
and the specific delisting criteria for the Puget Sound
Evolutionarily Significant Unit. NOAA Fisheries will use
this information to determine how many and which
populations are necessary for a viable Evolutionarily
Significant Unit. WRIA 9 technical work will help
inform this determination. The VSP document contains guidelines for each parameter that a salmonid
population must demonstrate in order to be considered viable. At the heart of the VSP concept are four
parameters that describe a viable salmonid population:
• Abundance: defined simply as population size or
numbers of fish at all life stages;
• Productivity: defined as how well the population
is “performing” in its habitat, or the growth rate of
the population;
• Diversity: defined as differences within and
among populations in genetic and behavioral
traits (e.g., life history trajectories); and
• Spatial Structure: defined as both the geographic
distribution of fish in a watershed and the physical
processes that lead to that distribution.

Page 4-1
Green/Duwamish and Central Puget Sound Watershed Salmon Habitat Plan—August 2005

• In conducting research and studies to fill in
information and data gaps, research focused on
listed species following the viable salmonid
population (VSP) guidelines, but information was
also collected on other salmonid species when
feasible and within budget constraints.

Puget Sound Regional Recovery Plan and
Technical Guidance
The Shared Strategy for Puget Sound is a regional effort
focused on the development of a collaborative recovery plan for Puget Sound Chinook and other listed
species. The group represents federal, tribal, state, and
local governments working towards common objectives, as follows (Shared Strategy 2001):

Coho (top) and Chinook (bottom) outmigrating juveniles sampled in the
Duwamish transition zone. May 2005 photo.

Information about these VSP parameters were used to
help guide research efforts, develop conservation
hypotheses, and determine hypothesized necessary
future conditions to support viable salmonid populations.

Habitat Planning Approach
The WRIA 9 Steering Committee approved an overall
approach to habitat planning in 2002. The Committee
specified the following:
• The Plan will use an ecosystem approach to
watershed management, with a focus on federallylisted species. The process will include evaluation
of ecosystem interactions, and the Plan recommendations will emphasize restoration of ecosystem processes where possible. This approach is
expected to produce conditions that benefit all
native aquatic species. Management of non-listed
species will focus on preventing future listings and
ensuring that protection of non-listed species is
not put at risk;
• Because the Plan will use an ecosystem approach,
the geographic area of focus will be the aquatic
ecosystems within WRIA 9 and the landscape-level
processes that affect these aquatic ecosystems.
Where actions address listed species (Chinook and
bull trout), the geographic area of focus would be
the nearshore, mainstem river, and tributaries
where listed species exist or could occur in the
future; and

• The recovery and maintenance of an abundance
of naturally spawning salmon at self-sustaining,
harvestable levels;
• The broad distribution of naturally spawning
salmon across the Puget Sound region; and
• Genetic diversity of salmon at levels consistent
with natural evolutionary patterns.
The Shared Strategy effort is supported by the Puget
Sound Technical Recovery Team (TRT). The TRT is an
independent scientific body convened by NOAA
Fisheries to develop technical delisting criteria and
guidance for salmon recovery planning in Puget
Sound. The TRT serves as science advisors to groups
such as WRIA 9 charged with developing measures to
achieve recovery goals. Specifically, the TRT developed
technical guidance for watershed groups in Puget
Sound regarding integrated recovery planning for
listed salmon (Puget Sound Technical Recovery Team
2003). The document describes the biological content
of a recovery plan to fulfill Endangered Species Act
requirements and address broader recovery goals. It
also specifies that the approach to recovery planning
should address the concept of a viable salmonid
population (VSP), including the four parameters:
abundance, productivity, diversity and spatial structure. Shared Strategy will present its plan to NOAA
Fisheries, which will ultimately provide the official
regional recovery plan for Chinook salmon.
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4.3 HABITAT PLAN GOALS AND OBJECTIVES
Habitat Plan goals and objectives were also
established by the Steering Committee to guide
the planning efforts. These included an overall
goal, four specific goals and associated objectives,
as follows:

OVERALL GOAL:
Protect, rehabilitate, and enhance habitat to support viable salmonid populations in response
to Endangered Species Act listing of Chinook salmon and bull trout using an ecosystem approach. This
approach will also benefit other non-listed aquatic species.

GOAL:

GOAL:

Protect and improve water quality and quantity conditions
to support healthy salmonid populations.

Protect and restore physical, chemical, and biological
processes and the freshwater, estuarine, and marine
nearshore habitats on which salmonids depend.

Objectives:

Objectives:

• Reduce processes and inputs that degrade water quality where
possible;

• Protect and restore natural ecosystem processes; where
restoration is not possible, consider sustainable engineered
solutions;

• Enhance riparian vegetation to improve water quality
conditions where possible; and

• Protect currently functioning habitat;

• Encourage management of water withdrawals and groundwater recharge to maintain cool water inputs in key areas.

• Protect and restore headwater areas, streams, and wetlands
where feasible;
• Encourage management of flows to support habitat-forming
processes; and

GOAL:

• Encourage management of land use changes and development
standards to minimize impacts.

Provide an implementable plan that supports salmon
recovery.
Objectives:
• Promote informed, sustained commitment of key watershed
interests;

GOAL:

• Implement an adaptive management approach to respond to
changes and to ensure continued effectiveness;

Protect and restore habitat connectivity where feasible.
Objectives:

• Develop a strategy to secure adequate funding for implementation;

• Encourage maintenance and protection of corridors that link
habitats and (re) connect freshwater, estuarine, and saltwater
habitats and their associated zones, as required by salmonids
during all life stages;

• Obtain support of WRIA 9 interlocal agreement member
jurisdictions, federal and state agencies, Tribes, the agricultural
community, and the business community in their recovery
efforts;

• Connect side channels and floodplain areas to the mainstem
where feasible; and

• Provide public outreach and education, and engage the public
in stewardship, restoration, and enhancement activities;

• Restore fish access where limited by dams, culverts, revetments
and other barriers, where feasible.

• Coordinate with other WRIA 9 planning activities; and
• Provide management actions that are doable, practical, and
effective.
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4.4 SALMONID ECOLOGY AND
ECOSYSTEM MANAGEMENT
Chinook salmon and other salmonids (including bull
trout) require use of and access to distinct aquatic
habitats for each phase of their life cycle: adult maturation and migration, spawning, incubation of embryos
and alevins, emergence of fry, juvenile rearing, and
smolt migration. To protect and restore habitat for
salmonids, the natural processes that produce the
features and characteristics of aquatic habitats must
be maintained or restored. The contribution of habitat
loss and modification on the current status of salmonid populations is documented in Spence et al. (1996).
Intrinsic to this philosophy is that a holistic watershed
and ecosystem approach is essential for preventing
further habitat degradation, maintaining habitats that
are relatively intact, aiding in the recovery of species at
risk of extinction, and benefiting many other aquatic
organisms.

marine nearshore habitats). The bulk of the information available in WRIA 9 covers adult spawning (location, timing, number of redds [spawning egg nests])
and juvenile rearing (diet and growth, out-migration
timing, aggregations of juveniles). More limited
information is available on habitat capacity (spawning
or rearing), predation, and egg-to-fry survival.
The Green/Duwamish River is used by bull trout for
foraging, but no spawning populations have been
detected. Bull trout have been observed on the
mainstem up to Newaukum Creek and it is presumed
that bull trout utilize the Green River up to the Tacoma
Headworks at river mile 61 (Lakey 2004).
The ecosystem management philosophy of the Habitat
Plan includes eight components:

Understanding the aquatic habitat needs of Chinook
salmon requires a solid understanding of salmonid
population biology and how salmonids utilize habitat.
A conceptual model of natural Green River Chinook
salmon is included in Ruggerone et al. (2004). The
conceptual model includes information on life history
diversity such as (1) migration and spawn timing of
returning adults, (2) the age composition of adults, and
(3) the residence time and body size of juveniles in
different parts of the watershed (e.g., river, estuary,

1) It seeks to be sustainable by virtue of maintaining the ecosystem structures and processes
necessary to provide the habitat needs of
Chinook salmon and other salmonids (versus
solely focusing on single-species management).
2) It contains clearly defined goals and desired
future conditions necessary for sustainability
(see Section 4.5).
3) It is founded on sound ecological principles
and based on the best science and models
currently available, taking into account the
characteristics and challenges of the watershed.
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4) The complexity and connections of watershed
processes are a major factor in determining
the number, characteristics, and geographic
distribution of the current and historical
salmonid populations and, therefore, in
making habitat management decisions.
5) It seeks to increase ecological capacities, not a
particular state, over the long term in recognition of environmental change and evolution.
This management approach supports conservation and recovery of anadromous salmonids
throughout Puget Sound because connectivity
among habitats is maintained, allowing the
invasion of vacant habitats, sufficient genetic
diversity to allow successful colonization of
these habitats, and refugia from which dispersal can occur.
6) Both spatial and temporal scales were taken
into consideration when evaluating the
ecosystem processes of the watershed. This
allows an understanding of the behaviors of
the processes at a given location due to management actions and other human-induced
perturbations.
The seventh and eighth components of the ecosystem
management approach are related to implementation.
7) The Habitat Plan recognizes that humans are
part of the watershed’s ecosystem, as well as its
source of most significant challenges to
sustainability. It takes into account social and
economic systems of the watershed.
8) It acknowledges that the scientific understanding of the ecosystem will continue to grow and
current models and paradigms of ecosystem
function and structure will be refined as more
is learned. Adapting to new information as it
becomes available and acknowledging limits
to scientific understanding are central to the
ecosystem management construct of this Plan.

4.5 SCIENTIFIC FOUNDATION
The WRIA 9 Habitat Plan is based on scientific research
and analysis of the salmonid population and habitat
conditions in the watershed. This section describes the
scientific foundation that underlies the Plan, the
research that was conducted in order to prepare the
Plan, and the rationale underlying the hypothesized
necessary future conditions to support a viable salmonid population of Chinook. Although the WRIA 9
Technical Committee had a reasonable amount of
information about salmon habitat at its disposal when
it began the Strategic Assessment, more information
was necessary, especially concerning the Green River
Chinook salmon population. Research focused primarily on Chinook following the viable salmonid population (VSP) guidelines. Information pertaining to other
salmonid species was collected when feasible and
within budget (requiring 20-30% more effort than that
expended on Chinook only).

Ecological Synthesis Approach
(Salmonid Ecology and Current Versus
Historical Habitat Approach)
In carrying out the Strategic Assessment, the Technical
Committee needed to develop an approach for linking
the quantity and quality of habitat to salmon population parameters in a spatially explicit manner. Phase 1
of what was termed the “functional linkages evaluation” included reviewing and comparing a number of
analytical models and tools for carrying out this task.
Some of the tools are built on statistical relationships
among parameters and some are scientific models
built from a general understanding of how ecosystem
processes work and the interaction between variables.
Seven approaches were selected for review and comparison based on their stated purpose, history of use,
and potential for use in WRIA 9: Ecosystem Diagnosis
and Treatment (EDT), EDT-Light, SHIRAZ (a salmon
habitat and life-cycle model), Qualitative Habitat
Assessment (QHA), Salmonid Watershed Assessment
Model (SWAM), Cumulative Risk Initiative (CRI), and a
synthesis of available science related to salmon
ecology and historical versus current habitat, which
was named the “Ecological Synthesis Approach.”
The Phase 1 report (Anchor Environmental and
Natural Resources Consultants 2003), concluded there
is no obvious choice, nor a choice upon which WRIA 9
should depend exclusively. However, two options were
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recommended for further consideration: SHIRAZ by
itself or coupled with other statistical tools such as
Cumulative Risk Initiative (CRI), or the Ecological
Synthesis Approach. The Technical Committee reviewed the Phase 1 report and chose the Ecological
Synthesis Approach. The ability to provide information
that would be useful in the development of habitat
management strategies and actions for the Habitat
Plan was an important consideration in this decision.
The Technical Committee concluded that the Ecological Synthesis Approach, in concert with adaptive
management and monitoring plans could meet the
needs of WRIA 9.
The Ecological Synthesis Approach does not use a
single model, but relies on information from as many
sources as possible, including information on current
and historical habitat quantity and quality and fish
use, habitat limiting factors analyses, statistical models, and scientific models as available. It provides a
series of conservation hypotheses to guide the development of habitat management strategies and actions.
In contrast to the other models reviewed, the Ecological Synthesis Approach is a less structured approach
that does not have an underlying framework or a series
of assumed functional relationships upon which
decisions are made. Instead, it is a practical approach
based on empirical observations of how Chinook
salmon currently use habitats in WRIA 9 in the context
of current versus historical habitat. Conservation
hypotheses about fish use and habitat, based on
available science, will be tested through quantitative
monitoring projects.

Overview of Key Components
of the Strategic Assessment
The Strategic Assessment Report is a summary of the
technical work carried out in support of the WRIA 9
habitat planning effort. It is available online at http://
dnr.metrokc.gov/Wrias/9/StratAssess.htm. This
chapter presents information from the Strategic
Assessment by subwatershed instead of by topic. This
is done to make it easier for the reader to track the
available information and focus on a particular geographic area of interest. For purposes of providing an
overview of the Strategic Assessment and laying out
the sections that follow, this section provides a brief
overview of the components of the Strategic Assessment (King County Department of Natural Resources
and Parks et al. 2004).

Section 2 of the Strategic Assessment report summarizes the historical habitat and salmon population
conditions in WRIA 9. An effort to compile and analyze
historical salmonid population conditions was undertaken to gain an understanding of Chinook and other
salmonid species and to assist with estimating historical abundance, life cycle productivity, life history and
genetic diversity, and spatial distribution. By examining how the river, floodplain, and estuary functioned
historically, insight was gained on how the Green River
salmonid species adapted to their habitat and how
historical habitat conditions supported a viable
population. In addition, a historical reconstruction of
riverine and estuarine environments of the Upper
Green River, Middle Green River, Lower Green River,
and Duwamish Estuary was created. This information
served as a benchmark or template for defining
hypothesized necessary future conditions that support
long-term viability of Green River Chinook salmon.
The findings of these analyses are presented in Collins
and Sheikh 2004, Bergeron 2004, and King County
Department of Natural Resources and Parks and WRIA
9 2004 (See Chapter 10 for full references).
Section 3 of the Strategic Assessment report summarizes the findings on current conditions, with an
emphasis on aquatic habitat, water quantity, water
quality, and salmonid population conditions. This
information is drawn from the Habitat Limiting
Factors and Reconnaissance Assessment Report
(Kerwin and Nelson [Eds.] 2000) and numerous
Strategic Assessment reports (Anchor Environmental
2004a, Anchor Environmental 2004b, Herrera Environmental et al. 2004, King County Department of Natural
Resources and Parks 2004a, King County Department
of Natural Resources and Parks 2004b, R2 Resource
Consultants 2002, Taylor Associates and King County
Department of Natural Resources and Parks 2004, and
TerraLogic and Landau 2004). Some information is
focused on the Green/Duwamish River mainstem,
such as the aquatic habitat reports, and some information is more watershed-wide, such as water quality
conditions. Because of time and resource constraints,
information on nearshore habitat conditions and
water quantity conditions is incomplete. Information
on current conditions was used to compare with
historical conditions, and it also serves as a baseline
for monitoring changes over time as the Habitat Plan
and related actions are implemented.
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Section 4 of the Strategic Assessment report summarizes the analysis comparing historical and current
habitat conditions. This comparison was used to
identify and quantify how aquatic habitats have
changed over time and provide information to support
development of necessary future habitat conditions.
The focus for the aquatic habitat included mainstem
and tributary channels and in-channel wood for the
Upper Green River, Middle Green River, Lower Green
River, and Duwamish Estuary Subwatersheds. These
findings also were used to support the development of
conservation hypotheses, establish necessary future
habitat conditions targets, and guide habitat restoration efforts. The findings are presented in full in the
Comparison of Historical and Current Habitat Conditions in WRIA 9 (King County Department of Natural
Resources and Parks and WRIA 9 2004).
Section 5 of the Strategic Assessment report summarizes the findings of numerous independent salmonid
studies carried out over the past four years and synthesizes and connects important information related to
salmonid ecology in WRIA 9. Studies carried out
during or after 2000 differed from past studies because
a program was initiated in that year to mass mark
juvenile Chinook released from the Soos Creek hatchery. Mass marking made it possible to distinguish
hatchery Chinook from natural Chinook, allowing
interactions between hatchery and naturally spawned
fish to be studied. Most recent studies focus on Chinook migration timing and relative abundance and
growth, which can be used to indirectly assess WRIAwide habitat use. In addition, similar baseline data
were concurrently collected for other non-target
salmonid species, including coho and chum salmon.
Numerous studies and key findings that contribute the
understanding of salmon ecology in WRIA 9 are
summarized below, including: Anchor Environmental
and Ruggerone et al. 2004, Berge and Mavros 2001,
Brennan et al. 2004, City of Seattle Salmon Team 2003,
Goetz et al. 2003, Goetz and Jeanes 2004, Hahn and
Cropp 2003, Malcom 2002, Ruggerone et al. 2004,
Nelson et al. 2004, R2 Resource Consultants 2001,
Ruggerone and Jeanes 2004, Seiler et al. 2002,
Sobocinski 2003, Toft et al. 2004, Weitkamp et al. 2000,
and Brennan (Ed.) 2001. A description of the current
knowledge regarding Chinook life cycle use of habitat
in WRIA 9 is contained in the Conceptual Model of the
WRIA 9 Research Framework (Ruggerone et al. 2004).
The conceptual model is a tool to assist recovery
planning and provides guidance for developing

research questions. Most of the information used in
the model was from WRIA 9 studies, but information
from other watersheds also was used to support
assumptions regarding Chinook ecology when WRIA 9
watershed information was lacking. The model discusses Chinook life history for different stages (adult,
egg, juvenile) and alternative juvenile life history
trajectories.
Section 6 of the Strategic Assessment report summarizes the functional linkages evaluation examining the
relationships between habitat conditions and salmonid populations. Functional linkages are defined here
as qualitative and quantitative relationships between
habitat quantity and quality and the four viable
salmonid population parameters. The evaluation leads
to the development of conservation hypotheses that
provide a basis for habitat management strategies and
management actions. The Ecological Synthesis Approach provides a way to link quantity and quality of
habitat to salmon population parameters in a spatially
explicit way. The functional linkages evaluation is a
synthesizing step in the sequence of technical tasks
that support habitat planning in WRIA 9.
Section 6 also includes conservation hypotheses. A
conservation hypothesis is an estimate of how improvements in habitat conditions and habitat-forming
processes will lead to changes in the four viable
salmonid population (VSP) parameters. As more
information becomes available during Plan implementation, these hypotheses will be tested and refined to
reflect improved understanding of habitat conditions
and population response. A total of 34 conservation
hypotheses in seven categories — the five
subwatersheds, watershed-wide, and non-habitat
hypotheses — were developed that will be tested
through a monitoring and evaluation program (see
Appendix E). These conservation hypotheses were
evaluated based on seven criteria: viable salmonid
population (VSP) parameters, overall population
viability, salmonid life stages affected, magnitude of
effect, hypothesized necessary future conditions,
certainty, and habitat factors of decline.
This evaluation resulted in prioritization into three
tiers for purposes of identifying relative importance
(see Appendix D). Tier 1 conservation hypotheses are
relatively more important than Tier 2 conservation
hypotheses, which are relatively more important than
Tier 3 conservation hypotheses.
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Section 7 of the Strategic Assessment report summarizes the necessary future conditions to support a
viable salmonid population in WRIA 9 with a focus on
Chinook salmon (WRIA 9 and King County Department of Natural Resources and Parks 2004). Using
scientific guidance for population recovery developed
by the Puget Sound Technical Recovery Team, NOAA
Fisheries, and Shared Strategy, viable salmonid population (VSP) goals and objectives were established for
the Green River Chinook population. Using ecosystem
and habitat guidance from many sources, the VSP
goals were translated into more explicit ecosystem and
habitat goals that form the basis for strategies and
actions in the Green/Duwamish River and WRIA 9.
Using information from historical and current habitat
and population conditions, including data on salmonid utilization of habitats, the necessary future conditions are targets from management strategies and
actions can be developed. As mentioned at the beginning of this chapter, the necessary future conditions
are themselves hypotheses.
Finally, Section 8 of the Strategic Assessment report
summarizes key findings from the Strategic Assessment and addresses key questions linking the conservation hypotheses developed in the functional linkages
work to the viable salmonid population and habitat
goals identified in the necessary future conditions
work. This section summarizes the overall scientific
foundation for the WRIA 9 Habitat Plan.
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The sub-sections below are organized by subwatershed
and present information on historical and current
habitat conditions, changes in habitat conditions, fish
utilization, conservation hypotheses and necessary
future conditions. Also included is information on
water quantity and water quality and the watershed
Chinook salmon population.

The Green/Duwamish and Central Puget
Sound Watershed (WRIA 9)
Historical Conditions
Prior to European influence, the greater Duwamish
watershed was approximately 4,077 km2 and included
the White River, Black River, Cedar River, Green River,
Duwamish River, Sammamish River, and Lakes Washington and Sammamish, as well as numerous other
salmon spawning tributaries. The historical watershed
contained approximately 3,060 km of streams accessible to fish (U.S. Army Corps of Engineers and King
County 2000). By 1916, the historical watershed had
been reduced by 70% and accessible streams reduced
by 93% (U.S. Army Corps of Engineers and King
County 2000). The White and Cedar rivers were
reengineered and diverted in the early 1900s and the
Duwamish River was straightened in 1906. The construction of the Ship Canal in 1916 lowered water levels
in Lake Washington that lead to the dewatering of the
Black River and blocked migration of salmonids to
Lake Washington and Lake Sammamish via the
Duwamish River.
Of the major drainages listed above, the WRIA 9
watershed today consists only of the Green/Duwamish
River watershed. For analytical purposes, present-day
WRIA 9 is divided into the five subwatersheds described below. In addition, 13 assessment segments
were identified for analyzing the Green/Duwamish
River mainstem aquatic habitat (Table 4-1). The
following subsection is a summary of water quantity
and quality conditions in the watershed.
Water Quantity and Water Quality

MILES

King County WRIA 9 Subwatersheds

Water quantity conditions, including instream flows,
groundwater, habitat-forming flows, and out-ofstream water use affect the quality and quantity of
habitat available for different salmonid life stages.
Historical changes combined to have a profound effect
on water quantity conditions, including the diversion
of the White River in 1906, the Cedar/Black River in
1913, the construction of the Tacoma Headworks
Page 4-8
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(diversion dam) in 1911-1913, and construction of the
Howard Hanson Dam for flood control in 1962. In
addition, there were extensive land use changes that
converted forests to urban, industrial, and agricultural
uses, as well as numerous smaller water diversions and
groundwater withdrawals that affected water quantity
conditions. Diversion of the White River in particular
reduced summer low flows because of the loss of glacial
meltwater. Tacoma Public Utilities continuously diverts
up to 113 cubic feet per second (cfs) from the

mainstem. As a result of the Howard Hanson Dam,
floods greater than 12,000 cfs (formerly the two-year
event at the U.S. Geological Survey Auburn stream
gage) have been prevented, while the duration of
moderate flows (3,000 to 5,000 cfs) has increased due
to metered release of floodwaters stored behind the
dam.1
Urban development in the Duwamish Estuary, Lower
Green River, and Middle Green River Subwatersheds

TABLE 4-1: Assessment Segments of the Green/Duwamish River Used To Analyze Aquatic Habitat Change
River
Mile*

Segment
ID

Assessment
Description

Subwatershed

Historical Channel
Type

Current Channel Type Slope (%)

0–1.5

1

Tidal Delta

Duwamish

Estuarine

Artificial Constrained

0.09

1.5–11

2

Duwamish Valley

Duwamish

Estuarine

Artificial Constrained

0.003

11–31.3

3

Lower Green Valley

Lower Green

Palustrine (river mile 25
to 11); Floodplain

Artificial Constrained

0.05

31.3-45.3

4

Middle Green Valley

Middle Green

Unconfined Floodplain

Unconfined Floodplain

0.23

45.3–57.6

5

Green Rive Gorge

Middle Green

Large Contained

Large Contained

0.85

57.6-60.5

6

Boulder Zone

Middle Green

Unconfined Floodplain

Unconfined Floodplain

0.60

60.5-64.4

7

Eagle Gorge

Middle Green

Large Contained

Large Contained

0.75

64.4-72.7

8

Reservoir Plus

Upper Green

Unconfined Floodplain

Seasonally Inundated

0.55

72.7-77.0

9

Smay Valley

Upper Green

Unconfined Floodplain

Unconfined Floodplain

0.72

77.0-77.9

10

Mile Canyon

Upper Green

Large Contained

Large Contained

0.02

77.9-84.1

11

Lester

Upper Green

Unconfined Floodplain

Unconfined Floodplain

0.83

84.1–88.3

12

Intake Valley

Upper Green

Unconfined Floodplain

Unconfined Floodplain

1.50

88.3-93.6

13

Headwaters

Upper Green

High Gradient Confined

High Gradient Confined

11.30

* River miles are estimated from Williams et al 1975
1. For much of this chapter, metric measurements are used in keeping with scientific practice and the information in the Strategic
Assessment and other scientific reports. However, English measurements are used for locations along the river [river miles] and flow [cubic
feet per second].)
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has resulted in substantial increases in stormwater
runoff from small tributary streams and subbasins.
This in turn has contributed to larger and more frequent peak flows during the winter and reduced
recharge of shallow aquifers that formerly sustained
flows during the late summer and fall. Water withdrawals and diversion of springs or other surface water
sources also serve numerous cities and water districts
in the Lower and Middle Green River Subwatersheds.
These withdrawals, together with exempt wells further
reduce the water available to streams and the
mainstem. An analysis of natural flow conditions,
conducted as part of the Reconnaissance Assessment
(Kerwin and Nelson [Eds.] 2000), revealed the following
findings:
• Flows less than 302 cubic feet per second occurred
49% more often and summertime means and
annual minimum extremes were consistently
longer. This flow regime:
– Reduces spatial habitat for rearing, decreases
water depth in riffles, glides, and pools and may
constrain upstream adult Chinook migration;
– Reduces water velocity, potentially constraining
downstream juvenile movement; and
– May decrease wetted width of river available for
spawning, forcing Chinook to spawn closer to
the thalweg (deepest part of the river), where
scour potential is generally greater.
• The annual minimum flow occurred two weeks
earlier, in late August rather than mid-September.
This timing of low flow:

– May mean the river has less ability to create
new side channel habitat, reducing habitat for
salmon as well as recruitment of gravel from the
floodplain; and
– May mean the river has less ability to maintain
existing side channels and recruit wood into the
channel, reducing overall habitat quality.
• Durations of moderate flood flows (greater than
5,900 cubic feet per second) were longer by 39%.
This increased duration of flows:
– May increase frequency or duration of scour of
riverbed gravel. Effects are compounded as
fewer side channels (where scour would be less)
are being created so more of the population
spawns in the mainstem.
• Water quality conditions in the watershed are
summarized from recent water quality reports
(Kerwin and Nelson [Eds.] 2000, Taylor Associates
and King County 2004, Herrera Environmental et
al. 2004). Data were compared to Washington
State water quality standards (WAC 173 201A),
U.S. Environmental Protection Agency water
quality criteria and appropriate toxicity screening
thresholds to assess potential for biological
significance. Temperature and dissolved oxygen
are the parameters of greatest concern to salmonids. The following represent some key findings of
the temperature assessment (Taylor Associates
and King County Department of Natural Resources and Parks 2004):

– May affect timing of upstream adult migration;
and
– May create warmer, more stressful instream
conditions where temperatures already can
exceed salmon preferences.
• Flood peaks were reduced, with no flood flows
above 11,000 cubic feet per second at the Palmer
gage below the Tacoma Headworks (compared to
one day flows ranging up to 18,000 cubic feet per
second (and peak flows even higher) and exceeding 11,000 cubic feet per second in one out of
every six years). This reduction in peak flows:

– All 17 mainstem locations exceeded the 2003
State water quality temperature standards for
10 or more days during the 2001, 2002, and/or
2003 water years, with average exceedances
ranging from 0.4 to 3.5°C;
– Temperature data for 52 of the 86 monitoring
stations violated the applicable 2003 State
temperature standard on some or frequent
occasions;
– Station TM-7 (Meridian Valley Creek) had the
highest temperature exceedance with an
average exceedance of 23.1°C which can be
lethal for salmonids. Stations CO1 (Covington
Creek) and GRT02 (Springbrook Creek) had
average exceedances of 21.5°C and 21.4°C,
respectively, which have the potential for
migration blockage; and
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– An additional 29 stations had average
exceedances between 18 and 21°C (potential for
impairment), with four sites greater than 20°C.
Adult migration is a key life history stage affected by
current temperature exceedances. Exceedances during
adult migration may also indicate inadequate early fall
cooling required to support adequate spawning,
incubation, and rearing temperatures. Coho and
steelhead subyearlings and steelhead yearlings that
remain in freshwater throughout the summer after
emergence are another key life stage affected by
temperature exceedances.
Dissolved oxygen is an important water quality parameter for salmonids and other aquatic life. Washington
State standards require that dissolved oxygen concentrations exceed 9.5 milligrams per liter (mg/L) in
freshwaters designated for core salmonid rearing and
8.0 mg/L in freshwaters designated for noncore
salmonid rearing (WAC 173 201A). Dissolved oxygen is
a 303(d) listed parameter for each of the four major
streams (Springbrook, Mill, Soos, and Newaukum
Creeks). Among all sites monitored, dissolved oxygen
concentrations ranged from 3.0 to 13.7 mg/L during
baseflow and from 1.5 to 14.3 mg/L during storm flow.
Among the four major stream sites, the dissolved
oxygen standard was exceeded with the greatest
frequency in Springbrook Creek. The dissolved oxygen
standard was never exceeded at the Soos and
Newaukum Creek mouths, although few samples were
collected during summer base flow when the lowest
dissolved oxygen concentrations would be expected.
For most salmonid life stages (juvenile rearing and
migration and adult migration), slight, moderate, and
severe production impairment occur at 6 mg/L, 5 mg/
L, and 4 mg/L, respectively (U.S. Environmental
Protection Agency 1986). Acute mortality occurs at 3
mg/L. The minimum values observed at four sites
during baseflow (Springbrook Creek, Black River, Mill
Creek tributary to Springbrook, and Soosette Creek)
and one site during storm flow (Newaukum Creek
tributary) were 4 mg/L or below, leading to potential
severe impairment to salmonids.
Watershed-Wide Conservation Hypotheses
Based on the results of the habitat and population
analyses, six conservation hypotheses were developed
that are potentially applicable to all subwatersheds in
WRIA 9. Three of these were rated as Tier 1 hypotheses
and three were rated as Tier 2 hypotheses:

All–2 (Tier 1): Protecting and improving riparian
conditions by adding native riparian vegetation and
controlling invasive species will enhance habitat
quality by improving water quality, stabilizing
streambanks, providing overhanging vegetation and
large woody debris, and contributing organic matter,
nutrients, and terrestrial prey items, thereby leading to
greater juvenile salmon growth and higher survival;
All–4 (Tier 1): Allowing natural flows (including low
flows and habitat-forming flows) in a relatively unconstrained river channel will enhance habitat diversity
and provide habitats that can support spawning and
rearing salmon at a greater variety of flow conditions,
thereby leading to expanded salmon spatial distribution, greater juvenile salmon growth, and higher
survival. [Note: May be less applicable to the marine
nearshore.];
All–6 (Tier 1): Preventing new bank/shoreline
armoring and fill and removing existing armoring, fill,
and other impediments (e.g., levees) will enhance
habitat quality and quantity and lead to improved
juvenile salmon survival, spatial distribution, and
diversity;
All–1 (Tier 2): Protecting and improving water quality
(e.g., temperature, dissolved oxygen, turbidity, and
chemical contamination conditions) by addressing
point and nonpoint (specifically stormwater runoff
and agricultural drainage) pollution sources will
enhance habitat quality and lead to greater juvenile
salmon growth, disease resistance, and survival.
Improved water quality will also enhance survival of
adult salmon, incubating salmon eggs, and salmon
prey resources, such as forage fish;
All–3 (Tier 2): Protecting and improving access to
tributaries will increase the quantity of available
habitat, particularly for juvenile Chinook and coho
salmon, and lead to expanded salmon spatial distribution, greater juvenile salmon growth, and higher
survival; and
All–5 (Tier 2): Preserving and protecting against
watershed and upland impacts by implementing low
impact development techniques, including minimizing impervious surfaces, will maintain habitat quality
by helping maintain flow and reduce sedimentation,
thereby leading to greater salmon survival.
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Watershed-Wide Priorities
As an initial approach to developing watershed-wide
guidelines, the Science Panel2 considered how alternative population models and structures, along with
selected habitat limiting factors, might be used as a
basis for making decisions about watershed-wide
priorities (Anchor Environmental and Grette Associates 2005a). Several assumptions have been considered that influence the relative importance of certain
geographic areas and types of habitat management
actions over others. Assumptions include the basis of
different life history trajectories (genetic vs. environmental) and the potential existence of “limiting
habitats” that limit the effectiveness of habitat actions
that improve survival upstream. Four limiting habitats
were considered, including:
• Duwamish Estuary transition zone habitat;
• Middle Green and upper Lower Green River
spawning habitat;

made that any one limiting habitat is more important
than the others, or should be singled out as the most
important factor.
On May 12, 2005, the Steering Committee adopted the
three priority geographically-specific limiting habitats
noted above and supported the slight prioritization of
the transition zone habitat over the other areas for
project implementation within the first 10 years of the
Habitat Plan (see Policy MS1 in Chapter 5). Specifically,
the Duwamish Estuary transition habitat will have a
40% weighting in terms of overall action funding, while
the other two areas (spawning and rearing habitats)
will have 30% weightings each. An adaptive management approach will be taken so that relative weights
and geographic specificity can be altered in accordance with changing conditions and scientific discoveries. (See Figure 4-1 for the estimated location of the
Duwamish transition zone.)

• Middle Green River, Lower Green River,
Duwamish Estuary, and marine nearshore rearing
habitat; and
• Howard Hanson Dam, which impedes salmon
migration and affects downstream habitat formation (e.g., gravel transport, altered flow regime).
In making decisions about watershed-wide priorities it
is important to recognize that increasing productivity
of the Chinook population is a key short-term (i.e. 10
year) priority (see Chapter 5), while over the long term
(i.e. 50 years or more), lack of spatial structure is most
threatening the viability of the Chinook population.
With improvements to spatial structure, greater
diversity will also follow. While developing spatial
structure is a longer-term process, it is recognized that
it needs to begin now.
Solving the fish passage, gravel, and large woody debris
transport issues at Howard Hanson Dam (and fish
passage at the Tacoma Headworks) is a significant
opportunity for expanding spatial structure and
diversity. However, it was recognized that these issues
are being addressed by U.S. Army Corp of Engineers
and Tacoma Public Utilities projects in the near-term
timeframe of the Habitat Plan, and thus they were not
considered further in this prioritization. Review of the
evidence supporting the other three potential limiting
habitats indicated that a compelling case could not be

2.

A group of scientists convened in late 2004 to develop a process and review proposed habitat actions in WRIA 9 for technical merit.
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Upper Green River over Segment 9 (river miles 72.7-77), looking west.
December 2003 photo.

Upper Green River Subwatershed
Historical Conditions
Historically, the Upper Green River Subwatershed
provided extensive spawning and rearing habitat for
salmon and trout. There were approximately 7,735 km
of mapped stream channels, including 267 km of fishbearing streams (U.S. Forest Service 1996). It is assumed that the upper watershed supported mostly
spring Chinook (adult Chinook that begin spawning
migration in the spring), coho, winter and summer
steelhead, and resident trout, although the lower reach
may have supported fall Chinook (adult Chinook that
begin spawning migration in the fall) as well. Important overwintering habitat and refugia for these species
included areas with reduced water velocities, relatively
constant year-round temperatures, and protection
from predators. According to Cutler (2000), the presumed upstream extent of use by Chinook, steelhead,
and coho was estimated to be approximately river
mile 91.8, where the stream gradient steepens substantially (see Figure 7-1 for location of river miles). Historically, large woody debris in the streams may have
ranged from 240 to 2,080 pieces per kilometer
(Cedarholm et al. 1989; Fox 2001). These quantities
would have provided a critical structure and habitat
complexity.
Current Conditions
Current habitat information on the Upper Green River
is limited to aquatic and riparian habitat conditions in
the mainstem. Channel characteristics vary by reach
and were calculated from the 1998 mapped channel

location (King County Department of Natural Resources and Parks 2004b). There are five assessment
segments within the Upper Green River from river mile
(RM) 64.5 to 88.3. Segment 8 (RM 64.5 to 72.7) is the
lowest segment of the Upper Green River, including
those areas between RM 64.5 – 69 that are completely
inundated or seasonally inundated by Howard Hanson
reservoir. The North Fork Green River is a major
tributary within this segment. The channel is constrained along approximately 22% of the channel
length from railroad lines and logging roads that
prevent lateral channel migration. Segment 9 (RM 72.7
to 77) is unconfined and flows through a low gradient,
broad alluvial valley and floodplain and contains one
core area for spawning as predicted by Martin et al.
(2004). Segment 10 (RM 77 to 77.9) is a confined (Vshaped valley with little to no floodplain) segment that
flows through a steep, gradient (0.6%) floodplain. This
reach appears to be effectively transporting sediment
and channel width has decreased over time. Segment
11 (RM 77.9 to 84.1) is located within glacial alpine
deposits and the channel is unconfined within the
valley bottom, with a gradient of 0.8% and contains
one core area for spawning as predicted by Martin et
al. (2004). Segment 12 (RM 84.1 to 88.3) is a confined
segment with inclusions of lower gradient, broad
alluvial valley portions and contain two core areas for
spawning as predicted by Martin et al. (2004). Railroads and forest roads constrain the mainstem channel in several segments.
Change in Habitat Conditions
In the Upper Green River, the interaction between
sediment supply and transport capacity has
influenced the change in channel pattern. The
mainstem substantially increased between 1901 and
1997 in active channel width and channel area in
Segments 8, 9, and 11. In Segment 8, the increase in
channel width and area appears to be a function of
sediment deposition in channel bars due to the
reduction in transport capacity at, and upstream of,
the reservoir low-water stage. In Segments 9 and 11,
excess sediment from Smay Creek and road-related
failures (Faulkner (Ed.) 1997), and sediment from
Sunday and Twin Camp creek (Toth et al. 1996),
respectively, appear to be the primary cause of
channel widening. These analyses showed substantial
increase in sediment load. Segment 8 (river mile 64.5–
67.8) is now seasonally inundated by Howard Hanson
reservoir. The primary change in channel edge over
time has been the construction and maintenance of
logging roads and the railroad (the modern-day BNSF
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Railway). Revetments constructed of riprap were
placed along the channel edge to protect the road and
railroad grade from channel erosion. Between river
miles 61.5 and 88, over 22% of the channel edge is
impacted by these revetments.
Fish Utilization
At present, Chinook adults are not placed upstream of
the Howard Hanson Dam, so natural production does
not occur in the Upper Green River Subwatershed. The
Muckleshoot Indian Tribe plants about 400,000
marked Chinook fry in the upper watershed in late
March (Anchor Environmental and National Research
Council 2004). The survival rate of these fish is thought
to be very low because of downstream passage problems posed by passage through Howard Hanson Dam,
as well as high river flow during the spring
outmigration season, which coincides with reservoir
refill (Kerwin and Nelson [Eds.] 2000). Some marked
hatchery subyearling Chinook were captured in spring
2000 at the screw trap at river mile 34.5 (Seiler et al.
2002). Larger hatchery Chinook juveniles have been
observed moving downstream through Howard
Hanson Dam during the late fall and early winter when
the reservoir level is dropped to “run of the river”
conditions in preparation for storage of winter flows
(Anchor Environmental and Natural Resources Consultants 2004). Bull trout surveys were carried out in
the Upper Green River Subwatershed by Plum Creek
fisheries biologists in the mid-1990s (Watson et al.
1997) and King County in 2000 (Berge and Mavros
2001), but no bull trout were observed.
Conservation Hypotheses
Based on the results of the habitat and population
analyses, four conservation hypotheses were developed for the Upper Green River Subwatershed. Two of
them were rated as Tier 1 hypotheses and two as Tier 2
hypotheses:
UG–1 (Tier 1): Establishing/restoring Chinook salmon
access above Howard Hanson Dam by providing
passage upstream (trap and haul) beyond Howard
Hanson Dam and the reservoir for natural origin
Chinook and downstream passage for the progeny as
well as first generation hatchery fry will increase
habitat quantity and expand salmon spatial structure.
(Alternative Hypotheses: (1) Augmenting restoration of
salmon populations above Howard Hanson Dam by
introducing out-of-basin spring Chinook from a
neighboring river system (possibly White River) to
replace the extirpated Green River spring Chinook will

expand Chinook distribution, diversity, and enhance
abundance in the river; (2) Restoring salmon above
Howard Hanson Dam without the use of hatchery
outplants or returning hatchery adults will recover
Chinook without bypassing important evolutionary
processes (i.e. the selection of the fittest adults for
spawning, and juveniles for incubation). [Note: The
alternative hypotheses were not scored and tiered. Final
decisions on which fish to pass upstream are dependent
upon NOAA Fisheries, U.S. Fish and Wildlife Service,
and the co-managers (Washington State Department of
Fish and Wildlife and Muckleshoot Indian Tribe). A June
8, 2004, letter from NOAA Fisheries to Tacoma Public
Utilities advised that their preliminary recommendation is to pass upstream of Howard Hanson Dam all
natural and hatchery-origin Chinook, as well as other
salmonids, with the exception of summer run steelhead
and Atlantic salmon. Also, the Hatchery Scientific
Review Group recommendations for the Green River
population propose the continued management of the
population as an integrated stock (Hatchery Scientific
Review Group 2004).]
UG–4 (Tier 1): Protecting and restoring natural sediment recruitment process by reducing the amount of
slides and road-borne sediment from forest roads will
enhance salmon migration, spawning success, and
juvenile rearing.
UG–2 (Tier 2): Protecting and restoring/enhancing
habitat (e.g., side channels, pools) along the Upper
Green River mainstem and major tributaries (e.g.,
North Fork, Smay Creek) by restoring the riparian
corridor will enhance habitat quality and lead to
greater residence time and survival (after the establishment of populations above Howard Hanson Dam).
UG–3 (Tier 2): Establish a bull trout population above
Howard Hanson Dam by providing passage upstream
(trap and haul) beyond Howard Hanson Dam and the
reservoir for returning adults and downstream passage
for the progeny increase habitat quantity and expand
spatial structure. ). [Note: Final decisions on which fish
to pass upstream are dependent upon NOAA Fisheries,
U.S. Fish and Wildlife Service, and the co-managers
(Washington State Department of Fish and Wildlife and
Muckleshoot Indian Tribe)]
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Necessary Future Conditions
There are five assessment segments within the Upper
Green River Subwatershed. They are Reservoir Plus
(Segment 8, river mile 64.5 – 72.7), Smay Valley (Segment 9, RM 72.7–77.0), Mile Canyon (Segment 10,
RM 77.0 –77.9), Lester (Segment 11, RM 77.9–84.1) and
Intake Valley (Segment 12, RM 84.1–88.3). The hypothesized necessary future habitat conditions identified
for the Upper Green River Subwatershed follow:

• The riparian zone is functioning and effective
buffer widths are established to provide all riparian functions (shade, bank stabilization, sediment
control, organic litter, large woody debris, nutrients, and microclimate) (Segments 8, 9, 10, 11,
and 12).

Middle Green River Subwatershed

• Core areas (Martin et al. 2004) predicted as likely
to provide source population structure are targeted as refugia for both adult and juvenile
Chinook (Segments 9, 11, and 12);
• Natural rates of lateral channel migration are
reestablished to create and maintain functioning
aquatic habitats that represent about 65% of
historical levels at any given time (Segments 8, 9,
11, and 12);3
• Hydrologic connection to floodplain and side
channel habitats are restored to achieve access to
about 65% of historical habitat areas at any given
time (Segments 9, 10, 11 and, 12);
• Natural rates of sediment recruitment are reestablished to increase productivity of spawning areas
and to maintain and develop habitat. Large woody
debris quantity and distribution are increased
after the channel begins to return to equilibrium
conditions (Segments 8, 9, 11, and 12);
• Water quality meets State standards to increase
productivity of spawning areas (e.g., increase eggto-fry and spawner-to-spawner productivity) and
to increase juvenile life stage productivity. Stream
temperatures comply with water quality standards
for rearing and migration for Sunday Creek
(Segments 8, 9, 11, and 12);
• Mainstem, off channel, and tributary habitats are
improved to increase juvenile rearing, life stage
diversity, and productivity (increase egg-to-fry and
fry-to-fingerling survival rates). Habitats include
braided channels, side channels, shallow channel
edges, large woody debris jams, and in-channel
pools. Targets are functioning habitats representing 65% of historical habitat area at any give time
(Segments 8, 9, 11, and 12); and

Looking west over the Middle Green River Subwatershed, showing the mix
of forests and farms along the river between river miles 45 and 32. July
2004 photo.

Historical Conditions
The Middle Green River Subwatershed historically
provided excellent spawning and rearing habitat that
supported multiple salmonid species. From river
mile 32 to 45 (see Figure 7-2 for location of river miles),
the historical channel incised (downcut) through the
wide alluvial valley bottom while migrating throughout. This channel migration created a sinuous and
braided channel, with significant amounts of off
channel habitat that was used for juvenile rearing. The
mainstem channel edge habitat was abundant and
pools were large and frequent. There was potentially
50 km of mainstem channel edge habitat (Collins and
Sheikh, 2004). There were approximately 29 hectares of
side channels in the Middle Green River, providing
potentially 52 km of channel edge habitat and the
necessary refuge to escape high velocity flows that can
result from the steep valley bottom of this section of

3. For the Upper and Middle Green River Subwatersheds, the hypothesized necessary future conditions identified refer to targeting
65% of historical habitat at any given time. This target emanates from work by Reeves et al. indicating that at any given time about a third of
river habitat is of sufficiently high quality to support source areas of the population, another third is of moderate quality and may exhibit
sporadic spawning, and the remaining third is of low quality and does not support spawning at all. Applying this to the Green/Duwamish
watershed, it would be desirable to have two-thirds (about 65%) of the potential habitat patches in a river segment available, with suitable to
moderately suitable habitat at any given time (King County Department of Natural Resources and Parks et al. 2004).
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the river. The mainstem channel also provided juvenile
rearing habitat in shallow areas along the channel edge
and within large woody debris jams. The vegetation
along the river and tributaries was dense and overhanging the low-water line as described in the mid1860s General Land Office notes (Collins and Sheikh
2004). These tree species would have contributed to
large woody debris within the river system and provided the habitat complexity needed to support a
viable population.
Current Conditions
Middle Green channel characteristics vary by reach
and were monitored as part of surveys performed in
late summer 2001 (R2 Resource Consultants 2002).
There are four assessment segments from river
mile 31.3 to 64.5. Key habitat attributes were monitored in six reaches of the Middle Green River (RM 32
to 64.5) including bankfull width, canopy cover, pool
habitat (location and dimensions), large woody debris,
and riffle particle size distribution. The bankfull width
ranged from 33 to 45 meters in the Middle Green River.
Canopy cover was generally about 15%, except in
Segment 5 (Green River Gorge, RM 45.1 to 57.6) where
it averaged 26%. Pool spacing ranged from nine
channel widths per pool in Segment 5 to 34 channel
widths per pool in portions of Segment 4 (Middle
Green Valley, RM 32 to 45.1). Pools represented about
18 to 27% of the total habitat area. Large woody debris
was most common in the lower reaches of Segment 4
(RM 32 to 40), which contained several log jams
composed of more than 100 pieces of large woody
debris. Gravel was abundant between RM 32 and 45,
where dominant riffle particle size was 42 to 69 mm.
Substantial amounts of gravel were present in pool
tailouts, small point bars and along channel margins
downstream of a large landslide near RM 49. Upstream
of RM 49, gravel was scarce, consisting mostly of
cobbles due to the loss of gravel recruitment from
above Howard Hanson Dam over the past 40 years. In
Segments 6 and 7 (RM 57.6 to 64.4), gravel deposits at
pool tailouts were rare and several low gradient riffles
were largely devoid of gravel.
Change in Habitat Conditions
In the Middle Green River Subwatershed, a valley
bottom change analysis was performed for Segment 4
(river mile 32 to 45.3), because of the availability of
historical habitat conditions. The forest that once
covered the valley bottom has become fragmented,
and today only about 40% of the valley bottom is
forested. The King County Agricultural Production

District comprises 74% of the valley and more than
half of the forested valley bottom (636 hectares) has
been converted to agriculture. The river no longer
migrates freely throughout the valley due to 27 levees
and revetments (totaling 8.7 km) and regulated flows.
The current 100-year floodplain is 52% of the historical
floodplain and is now a mosaic of forest and agricultural lands. Accessible floodplain forests have been
reduced by 72%.
All four assessment segments in the Middle Green
River had a reduction in total channel area. Channel
area for Segments 4 and 7 is about 34% less than
historical conditions; Segment 6 is about 29% less. This
reduction in channel area is likely a result of bank
armoring and reduction of flood flows. In Segment 5,
the channel area and width stayed relatively constant
due to confinement of the Gorge. The levees that
protect roads, a railroad, and private property constrict
the channel and prevent the river from meandering.
The levees also change the flow dynamics, often
increasing velocity and reducing the ability of the river
to dissipate energy and sediments.
An analysis of changes to tributaries, focusing on
channel edge, was completed for the valley bottom of
Segment 4. Overall, tributary channel edge decreased
by 19%; however, Unnamed Creek 0098/0099 decreased by about 45%. All of the losses occurred in
headwaters that are completely contained within the
floodplain. Historically, the headwater of Unnamed
Creek 0098 appears to have connected to the
mainstem and was likely maintained through frequent
flooding. This remnant side channel still exists, but is
no longer connected to the mainstem. Juvenile Chinook likely utilized this side channel during high flow
events and reared in the creek. Historically, side
channels were the dominant type of channel edge
creating an extensive network that exited and entered
the mainstem. Most of the side channels were north of
the river and were likely created by overbank flows
branching through alluvial deposits of the valley
bottom. Historically, there was about 54 km of side
channel, compared with 13.4 km today (a 75% reduction), a significant loss of habitat resulting from flood
control efforts and land use changes.
Fish Utilization
One of the few studies aimed at assessing juvenile
salmonid habitat use was carried out by the U.S. Army
Corps of Engineers in the Middle Green River
Subwatershed. The purpose of this study, conducted
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between 1998 and 2000, was to elucidate life history
characteristics and salmonid habitat use of the Middle
Green River and help Howard Hanson Dam managers
identify strategies to minimize flow manipulation
effects upon salmonids (R2 Resource Consultants
2001). Sampling focused on shallow mainstem lateral
habitats, defined as mainstem and off channel habitats
with water depths less than 1.5 meters. Chinook fry
were found to use mainstem habitats much more than
off channel habitats. Moreover, Chinook preferred
shallow, low-velocity stream edge areas with ample
structural cover. There was a tendency for the smaller,
younger, Chinook fry (less than 50 mm in length) to
initially use shallow areas and gradually shift into
deeper water as they grew. By late March, fry were
found in slow-velocity (below 2.0 feet per second)
habitat created by deep scour pools formed by boulders and mats of woody debris. Chinook were also
found in off channel habitats (areas separated from the
mainstem by a vegetated island or abandoned floodplain such as wall base channels or old oxbows).

This bimodal pattern was also observed with varying
ratios of fry/fingerling abundance in 2001-2003
(Nelson et. al 2004). Flows appear to influence the fry/
fingerling ratio in any given year, with more fry captured during periods of high winter and early spring
flows, when downstream migration is likely to be
passive rather than volitional. Nelson et al. (2004) also
observed fry movement during moderate flow, which
suggests that active migration could also be occurring.
The larger natural fingerlings are thought to be more
physiologically prepared to enter marine waters and
thus tend to spend less time rearing in the lower river
and estuary prior to marine residence.
Data from spawning surveys conducted from 1997 to
2002 were used to map redd (spawning egg nest)
density and it was determined that about 80% of
Chinook redds occurred in the Middle Green River
mainstem. These redds were from a mix of hatchery
and naturally produced adults, with about 60% attributed to adults from the Soos Creek Hatchery and Icy
Creek Ponds (Anchor Environmental and Natural
Resources Consultants 2004). The subwatershed has
two larger tributaries and several smaller tributaries
that also provide spawning habitat and rearing habitat
for salmonids. The Soos Creek and Newaukum Creek
subbasins currently provide significant spawning
habitat and some rearing habitat for Chinook salmon.
Other documented tributaries used by salmonids are
Unnamed Creek 0098/0099, Burns, Crisp, and O’Grady
creeks.
Although there are no recent studies of bull trout
habitat use in WRIA 9, several captures of adult bull
trout have occurred near the mouth of Newaukum
Creek, one as recently as February 2004 (Berge and
Mavros 2001; Goetz and Jeanes 2004). A sport fisherman also captured two adult bull trout in October 2001
at river mile 33.8 (personal communication with Hans
Berge, King County).

The Washington State Department of Fish and Wildlife screw trap has
provided valuable information about juvenile salmon migration. May
2005 photo.
However, many of these habitats became disconnected
from the mainstem at flows of less than 850 cubic feet
per second.
Juvenile outmigration has been studied by Washington
State Department of Fish and Wildlife and King County
since 2000 at river mile 34.5 using a screw trap. Seiler et
al. (2002) found a strongly bimodal pattern of juvenile
Chinook outmigration, with one large peak of fry (3545 mm) from January to March, and a second smaller
peak of fingerlings (70-80 mm) from May through June.

Conservation Hypotheses
Based on the results of the habitat and population
analyses, six conservation hypotheses were developed
for the Middle Green River Subwatershed. Three of
them were rated as Tier 1 hypotheses, two as Tier 2
hypotheses, and one as a Tier 3 hypothesis:
MG–1 (Tier 1): Protecting and creating/restoring
habitat that provides refugia (particularly side channels, off channels, and tributary access), habitat
complexity (particularly pools) for salmon over a range
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of flow conditions and at a variety of locations (e.g.,
mainstem channel edge, river bends, and tributary
mouths) will enhance habitat quality and quantity and
lead to greater salmon residence time, greater growth,
and higher survival.
MG–3 (Tier 1): Protecting and restoring natural sediment recruitment (particularly spawning gravels) by
reconnecting sediment sources to the river will help
maintain spawning, adult holding, and juvenile rearing
habitat.
MG–4 (Tier 1): Preserving and restoring spawning and
rearing habitat in lower Newaukum and Soos Creeks
will increase habitat quality and quantity, thereby
increasing productivity and spatial structure of Green
River Chinook salmon.
MG–2 (Tier 2): Protecting against watershed and
upland impacts by implementing low impact development techniques (also see conservation hypothesis All5) will be particularly beneficial in the sub-watersheds
of tributaries that provide spawning (e.g., Newaukum
and Soos Creeks) and/or rearing habitat (e.g., Jenkins
and Covington Creeks) will increase habitat quality
and quantity and promote utilization of nonmainstem habitats and prevent creating additional
stressors that limit survival.
MG–5 (Tier 2): Maintaining regional groundwater
recharge and base flows to the mainstem Green River
through forest retention and low impact development
will maintain spawning and rearing habitat.
MG–6 (Tier 3): Restoring Chinook salmon access
between the Tacoma Headworks and Howard Hanson
Dam by providing passage upstream and downstream
at the Tacoma Headworks for natural origin Chinook
will increase habitat quantity and expand spatial
structure. [Note: see notes for conservation hypothesis
UG-1 above regarding species recommended for
upstream passage.]
Necessary Future Conditions
There are four assessment segments within the Middle
Green River Subwatershed. They are Middle Green

Valley (Segment 4, river mile 31.3–45.3), Green River
Gorge (Segment 5, RM 45.3–57.6), Boulder Zone
(Segment 6, RM 57.6–60.5), and Eagle Gorge (Segment
7, RM 60.5 – 64.4). The hypothesized necessary future
habitat conditions identified for the Middle Green
River Subwatershed follow:
• Refugia are established that provide habitat to
support both juvenile and adult Chinook (Segment 4);
• Water quality and quantity meet State and
instream flow standards to increase productivity
of spawning areas (e.g., increase egg-to-fry and
spawner-to-spawner productivity) and to increase
juvenile life stage productivity (Segments 4, 5, 6,
and 7);
• Sediment recruitment and transport rates approach natural rates to increase productivity of
spawning areas and to maintain and develop
habitat (e.g., pool tail outs, spawning riffles,
shallow channel edge) for improving life history
productivity. Sediment target with suitable gravel
size is 6,300 cubic yards/year to support spawning
habitat (Segments 4, 5, 6, and 7);
• Natural rates of lateral channel migration are
reestablished to create and maintain functioning
aquatic habitats that represent about 65% of
historical levels at any given time (Segments 4
and 6);4
• Natural disturbance events are less restrained to
support the creation of new habitats and to recruit
sediment and large woody debris (Segments 4
and 6);
• Mainstem, off channel, and tributary habitats are
improved to increase juvenile rearing, life stage
diversity, and productivity (increase egg-to-fry and
fry-to-fingerling survival rates). Targets are functioning habitats representing about 65% of historical habitat area at any given time. Habitats include
braided channels, side channels (target = 16 km in
Segment 4), shallow channel edges, large woody
debris jams (target = 50 pieces/km), and inchannel pools (target = 6 channel widths/pool)
(Segments 4 and 6);
• Hydrologic connections to floodplain and side
channel habitats are restored to achieve access to

4. For the Upper and Middle Green River Subwatersheds, the hypothesized necessary future conditions identified refer to targeting
65% of historical habitat at any given time. This target emanates from work by Reeves et al. indicating that at any given time about a third of
river habitat is of sufficiently high quality to support source areas of the population, another third is of moderate quality and may exhibit
sporadic spawning, and the remaining third is of low quality and does not support spawning at all. Applying this to the Green/Duwamish
watershed, it would be desirable to have two-thirds (about 65%) of the potential habitat patches in a river segment available, with suitable to
moderately suitable habitat at any given time (King County DNRP et al. 2004).
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about 65% of historical habitat areas at any given
time (Segments 4 and 6);
• The riparian zone is functioning and effective
buffer widths are established to provide all riparian functions (shade, bank stabilization, sediment
control, organic litter, large woody debris, nutrients, and microclimate) (Segments 4, 5, 6, and 7);
• Sub-populations of natural origin recruits in
Newaukum Creek and Soos Creek are maintained
to protect against catastrophic risk and the
maintenance of spatial structure within the
population (Segment 4);
• Sources of cool, clean water from surface and
ground water are maintained (Segment 5); and
• Provide access to additional spawning areas
between river miles 61.1 and 64.4 to increase
productivity and abundance by expanding spatial
structure (Segment 7).

Lower Green River Subwatershed

eventually ended up in the tributaries, wetlands, and
side channels, providing refuge during flood events
and serving as rearing habitat. The majority of the
floodwaters flowed to the east and fed the Springbrook
Creek drainage complex and re-entered the system
through the Black River. Floodwaters from the historical White River fed the Mill Creek drainage complex.
Sand and gravel bars were common (totaling 15
hectares) in the reach between river miles 25 and 32
(see Figure 7-3 for location of river miles) directly
downstream of the White River confluence (U.S. Army
Corps of Engineers 1907). These gravel bars and large
woody debris created shallow habitat for juveniles and
suitable spawning habitat that still persists today.
At approximately river mile 18, Hilbert et al. (Eds.)
(2001) describes the Indian village of Stook that means
“a big jam of logs.” In the mid-1860s, the mainstem
channel was wide (about 72 meters) and covered about
316 hectares. Historically, the river migrated throughout the floodplain, leaving behind oxbows and wetlands. Tributaries provided important habitat and
accounted for approximately one-third of total channel area and 62% of channel edge. There were approximately 1,700 hectares of wetlands and black cottonwood was the most abundant tree species (Collins and
Sheikh 2004).
Current Conditions
There is one assessment segment in the Lower Green
River, which encompasses the entire length of the
Green River in this subwatershed. Key habitat
attributes were monitored in sample four reaches.
Monitored attributes included bankfull width, bank
conditions, canopy cover, riparian vegetation, pool
habitat, large woody debris, and riffle particle size
distribution. In general, the observed habitat
conditions reflect extensive alterations to the river and
floodplain from dam operations, and urban and
agricultural development. Key findings of the survey
(Anchor Environmental 2004b) were:

The Lower Green River, shown here at river mile 17.5 in Kent, is mostly
leveed, lacking in native trees, and overrun by non-native weeds such as
Himalayan blackberry. April 2005 photo.
Historical Conditions
The wide, low-gradient valley bottom of the Lower
Green River was historically a mosaic of floodplain
forest and wetlands. The Black, White, and Green rivers
were all tributaries of the lower Green River, resulting
in frequent floods. During flood events, the Lower
Green River overflowed its banks creating a network of
ephemeral streams that fed the wetlands and tributaries within the valley. It is likely that some juvenile
salmon were carried along in the floodwaters and

• Instream habitat quality and quantity for juvenile
and adult salmonids is significantly impaired;
• The channel is confined throughout the Lower
Green River, with extensive riprap bank armoring;
• Habitat types are generally homogenous and off
channel habitat is limited;
• The dominant pool forming factors are manmade
structures, such as riprap and bridge abutments;
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• Spawning size gravels occur only in the upper
third (river mile 25-32) of the segment;
• The connectivity between the riparian zone and
instream habitats is limited by levees;
• The riparian zone is dominated by invasive
species and lacks native vegetation; and
• Numerous stormwater and tributary outfalls
discharge to the river.
Anchor Environmental (2004b) summarized conditions by noting that gradual channelization of the river
in the last century has resulted in substantial losses in
the quality and quantity of mainstem spawning, winter
and summer rearing, and adult holding habitat.
Encroachment of land use, roads, trails, and levees to
the river margins has greatly reduced the extent of
existing or potential riparian habitat. Bank tree cover is
sparse, and existing non-native vegetation provides
little cover for fish. The average ordinary high water
mark width ranged from 26 to 39 meters in the Lower
Green River. Median canopy cover varied from 34 to
44%. Large pool (width greater than 50% of the ordinary high water mark width) spacing ranged from 16
channel widths per pool from river mile 27 to 32 to 254
channel widths per pool from river mile 11 to 16. Large
pools represented 10-16% of the total habitat area from
river mile 16 to 32, but less than 1% from river mile 11
to 16. The dominant pool-forming factor throughout
most of the river was riprap. Total wood pieces (logs
and rootwads) ranged from 11 pieces/km between
river miles 27 and 32, and 43 pieces/km between river
miles 16 and 19. Log jams were only found between
river miles 19 and 27, with two observed.
Change in Habitat Conditions
The Lower Green River valley bottom has been dramatically altered from a once densely-forested floodplain with numerous large “swampy” wetlands scattered throughout. The most obvious and significant
land cover change has been urban development. It is
estimated that about 60% of the valley bottom is either
high density (100% impervious) or low density (50%
impervious) development. Road density is 8.1 km/km2
and there are 69 road crossings of the river. This
development has resulted in clearing of the floodplain
forest (about 87%) and filling of wetlands (about 40%).
Historically, there were several large wetlands located
in the major tributary drainages and numerous smaller
wetlands were scattered throughout the valley. The
total area of historical wetlands was estimated at 1,495
hectares, compared to 927 hectares today (Collins and

Sheikh 2004; U.S. Fish and Wildlife Service 1990). In the
present Southcenter Mall area, there was a large
wetland (159 hectares), but it has been completely
filled except for a small area. There was also a 109
hectares wetland further south on the west side of the
river that was described as a “cranberry marsh” by the
General Land Office. This wetland was unique because
it was symbolized on the General Land Office plat map
with numerous springs. Today, this area remains
largely undeveloped and is drained by Johnson Creek,
but it is slated for development as part of a large
project planned for the area.
Historically, tributaries were the dominant type of
channel edge in the Lower Green River because of the
geologic and glacial processes that formed the river.
Flooding was common, creating a network of flood
channels that fed the tributaries and wetlands. Tributaries provided important habitat and accounted for
approximately one-third of total channel area and 62%
of channel edge (Collins and Sheikh 2004). Side
channels contributed about 6.5 km of channel edge
habitat. Today, the tributaries are heavily altered due to
development of the floodplain and are rarely fed by
floodwater. Approximately 20% of Springbrook Creek is
contained in drainage ditches and its confluence is
upstream of the Black River Pump Station, a partial fish
passage barrier.
Fish Utilization
Nelson et al. (2004) studied juvenile Chinook in the
Lower Green River during 2001-2003, focusing on
timing, growth rates, and relative abundance of
hatchery and naturally-produced Chinook. Natural
Chinook passed through the Lower Green River quickly
(hours to days) from late winter to late summer with
peaks for fry and fingerling migration coinciding
closely with the Middle Green. Flows seem to play an
important role in the residence time within this reach.

The problem with levees
Flood
plain

Levee banks
RIVER
CONTAINED

River current
Levees help reduce flooding. But during
peak river flows, a faster current can scour
away gravel and structure needed by salmon.
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Flood control facilities (e.g., levees) have severely
limited the ability of Chinook to find refuge during
high flows, resulting in juveniles being prematurely
flushed downstream to the estuary. River flows in 2001
were unusually low during the winter and early spring,
and it appears that a higher proportion of fry may have
reared in the Middle and Lower Green River compared
to the proportions of fish that reared there during 2002
and 2003 (Nelson et al. 2004). In recent years, about 3.5
million hatchery Chinook fingerlings were released
annually in WRIA 9. These fish typically travel through
the Lower Green River at a time when smaller and
much less abundant natural fingerlings are present,
thus the more abundant and larger hatchery fish may
prematurely force natural fish to the estuary. As a result
of such interactions, hatchery fish likely have a competitive advantage (at a minimum, due to fat reserves)
over their natural conspecifics if the food supply is
limited.
Conservation Hypotheses
Based on the results of the habitat and population
analyses, four conservation hypotheses were developed for the Lower Green River Subwatershed. One
was rated as a Tier 1 hypothesis, one as a Tier 2 hypothesis, and two as Tier 3 hypotheses:
LG–1 (Tier 1): Protecting and creating/restoring
habitat that provides refuge (particularly side channels, off channels, and tributary access) and habitat
complexity (particularly pools) for juvenile salmon
over a range of flow conditions and at a variety of
locations (e.g., mainstem channel edge, river bends,
and tributary mouths) will enhance habitat quality and
quantity and lead to greater juvenile salmon residence
time, greater growth, and higher survival.
LG–2 (Tier 2): Restoring and enhancing sediment
recruitment (particularly spawning gravels) by reconnecting sediment sources to the river will reduce
channel downcutting, increase shallow habitats,
improve access to tributaries, and improve spawning
habitat, thereby leading to greater juvenile salmon
residence time, greater growth, and higher survival.

LG–3 (Tier 3): Preserving and maintaining groundwater inflow from the historical White River channel will
contribute to maintaining river flows and good water
quality, thereby leading to greater juvenile and adult
salmon survival.
LG–4 (Tier 3): Modifying the Black River Pump Station
to improve fish passage will increase habitat quantity
and lead to greater juvenile salmon residence time and
growth.
Necessary Future Conditions
There is one assessment segment within this
subwatershed: Lower Green Valley (Segment 3, river
mile 11.0 - 31.35). The hypothesized necessary future
habitat conditions identified for the Lower Green
Subwatershed follow:
• Water quality and quantity meets State and
instream flow standards to increase productivity
of spawning areas (e.g., increase egg-to-fry and
spawner-to-spawner productivity) and to increase
juvenile life stage productivity;
• Sediment processes and transport rates that
produce spawning gravel (river mile 25 to 32) are
reestablished and improved to increase productivity in spawning areas, increase spatial structure,
and maintain and develop habitats (e.g., pool tail
outs, spawning riffles, shallow channel edge) that
will increase life history productivity. Spawning
habitat target with suitable gravel size is about
45% of historical levels (5,000 cubic yards/year6)
for viability of population;
• Mainstem, tributary, and off channel habitats are
improved to increase juvenile rearing, life stage
diversity and productivity (increase egg-to-fry and
fry-to-fingerling survival rates). Targets are functioning habitats representing about 45%7 of
historical habitat area. Habitats include side
channels (target = 4.5 km), wetlands
(target = 763 hectares), tributaries within the
valley bottom (target = 36 km), ponds
(target = 13 hectares), shallow channel edges, large
woody debris jams, and in-channel pools;

5. The boundary for this segment is at the historical confluence of the Green River with the White River, just downstream of the
boundary between the Lower and Middle Green River Subwatersheds.
6.

Estimated from general guidance by Perkins (2000).

7. Loss of historical watershed area, and by rough extension the loss of flow, was used to determine the target habitat percentage.
Above the historical confluence of the White and Green rivers, approximately 55% of the contributing area was in the White River drainage
area; therefore a target of 45% of the historical habitat of the Lower Green River was established as the reference condition, which is equivalent to the remaining contributing area after diversion of the White River.
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• Hydrologic connections to floodplain, tributaries
and historical off channel habitats are restored to
achieve access to about 45% of historical habitat
area; and

Duwamish Estuary Subwatershed

Island. Blind tidal estuarine channels (i.e. “dead-end”
channel connected at only one end) provided the most
channel edge on the Duwamish with the mainstem
providing the next largest amount of channel edge
habitat (Collins and Sheikh 2004). Information from
other estuaries in the Northwest (Simenstad et al. 1982,
Levings et al. 1986, Healey 1991) suggests that it was
likely an important rearing habitat for multiple life
histories of Chinook salmon. Numerous small channels in the estuary were bordered by key dense marsh
vegetation that contributed to the production of
salmon prey.

Historical Conditions

Current Conditions

The historical Duwamish River estuary was small
relative to other estuaries in Puget Sound due to its
unique topography (Collins and Sheikh 2004). The
narrow floodplain in the upper part of the Duwamish
River valley likely funneled the floodwater from the
watershed and resulted in overbank flooding and the

Channel characteristics in the Duwamish River vary by
reach and were monitored as part of surveys performed in 2003 and 2004 (TerraLogic and Landau 2004,
Anchor Environmental 2004a). Habitat attributes
included riparian vegetation, invasive species,
overwater structures, bank armoring, large woody
debris, and pilings. In general, observed habitat
conditions reflect extensive alterations to the upper
(RM 5.7 to 11) and lower (RM 0 to 5.7) Duwamish River
(see Figure 7-4 for location of river miles). The average
width of the channel was 50 meters in the upper river.
There are three large pools with a spacing of one pool
per 59 channel widths. Over 90% of the lower
Duwamish is armored (60% with riprap; 24% with steel
or concrete bulkheads). About 48% of the shoreline has
no vegetation; 30% is Himalayan blackberry; nearly
10% is landscaped; 6% is other invasive shrubs; and 3%
is immature deciduous vegetation. Approximately 87%
of the shoreline has greater than 75% impervious
surface in the area adjacent to the river. There are 56
piling groups, 49 pieces of large woody debris, including two large accumulations, and 14 occurrences of
Japanese knotweed. Kellogg Island and the Turning
Basin are two of the areas that have little or no
armoring and are higher in habitat quality. A number
of investigations within the Duwamish River have
documented sediment contamination with polychlorinated biphenyl (PCBs), polycyclic aromatic hydrocarbons (PAHs), phthalates, inorganics, and organotins. In
1997, the natural resource trustees for the Duwamish
River initiated an investigation to evaluate the extent
and severity of PCBs in the sediments of the waterway.
The major findings indicated that almost 71 of the 350
acres sampled, or just under 20% of the waterway, were
estimated to have PCB levels that exceed the state
standards.

• The riparian zone is functioning and effective
buffer widths are established to provide all riparian functions (shade, bank stabilization, sediment
control, organic litter, large woody debris, nutrients, and microclimate).

The banks of the Lower Duwamish, shown here looking downstream at
river mile 2.0, are intensively used for industry and commerce. September
2002 photo.
creation of “swampy marshes” (freshwater wetlands).
Similar to conditions in the Lower Green River
Subwatershed, these floodwaters likely carried with
them juvenile salmonids that used these wetlands as
rearing habitat. At the lower end of the river where it
becomes tidally influenced, there were several types of
tidal marshes that contained different plant communities. Collins and Sheikh (2004) classified them as
riverine-tidal marshes and they totaled approximately
166 hectares in the mid-1860s. There were approximately 175 hectares of estuarine wetlands in the mid1860s, primarily downstream of present day Kellogg
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Change in Habitat Conditions

Fish Utilization

The valley bottom of the Duwamish differs in the lower
valley versus the upper valley (see river miles noted
above). Historically, the upper valley resembled the
lower Green River with natural levees depositing along
the riverbanks, whereas the lower valley riverbanks are
lower in elevation than the rest of the valley bottom.
Today, armoring and levees have mostly altered the
natural riverbanks. Historically, this area was prone to
flooding and these floodwaters supported about 200
hectares of freshwater wetlands that have been decreased to about 7 hectares In addition, historically
there were riverine-tidal forested and scrub-shrub
wetlands but these are completely gone (Blomberg et
al. 1988; U.S. Fish and Wildlife Service 1990).

Several year classes of Chinook (fry, yearlings, and
possibly two-year-old fish) were found in the
Duwamish Estuary between January and September in
2002 and 2003 (Nelson et al. 2004, Goetz et al. 2003,
Ruggerone and Jeanes 2004). Two peaks in abundance
occurred in the estuary: the first, composed of fry, was
observed from late February to early March, and the
second for fingerlings occurred between mid-May and
mid-June. Subyearlings were consistently captured at
river mile 5.5 and 6.5, which has been postulated to be
a critical estuarine transition zone where the river and
salt wedge initially mix. This transition zone is also
where the river widens, velocities decrease, and
estuarine mudflats begin to appear. The boundaries of
the existing transition zone are being refined at the
time of publication. Chinook salmon utilize estuaries
to acclimate to marine water and to grow in a relatively
food-rich environment where predators are often less
abundant. In general, smaller salmon (e.g., fry) are
likely to rear in estuaries for longer periods, before
moving into marine nearshore areas.

Estuarine habitats were extensive historically but are
currently found only in small patches. Historical
estimates of estuarine mudflats were 900 hectares and
estuarine wetlands were 174 hectares. Filling of wetland and marsh habitats began in 1895. Today there are
only about 1% of mudflats and 11% of tidal marshes
remaining. The filling of the mudflats and the straightening and widening of the former channel completely
altered the estuarine habitat. A healthy estuary provides transition zone habitats that aid juvenile salmon
in osmoregulation (adapting to saltwater), growth, and
survival. The transition zone is characterized by a
mixing of fresh and saltwater. This mixing creates
brackish water that supports a unique ecology. A much
greater expanse of this transition zone habitat was
historically available closer to and within Elliott Bay
prior to regular dredging, reduced freshwater flow from
river diversions, and extensive filling of historical
intertidal areas in the Duwamish River and Elliott Bay.
The freshwater-salt water mixing zone has been vastly
reduced in size and moved upstream to its current
location. The Strategic Assessment defines the current
location of the transition zone between river miles 7.0
and 5.5. Additional data generated in 2005 suggest the
location during the outmigration of juvenile salmonids
may be between river miles 6.5 and 4.7 or 4.8 (Figure 41). The final results of this study will be used to help
determine the location of projects intended to rehabilitate/substitute transition zone habitat. Dredging
for maintenance of navigation now leaves only a thin
margin of tide flats along the shoreline with an artificially deepened central channel from about river
mile 5.0 to Elliott Bay. The one exception to these
narrow slices of intertidal habitat is at Kellogg Island
(river miles 1.1-1.4).

Natural origin fry (marked at lower Soos Creek in
winter 2003) were found in the transition zone within
one to 31 days (53% of the fry were found within 1-4
days) after release (Nelson et al. 2004) and may rear in
this area to fingerling size before migrating out to
Elliott Bay during the outmigration peak in June. This
scenario, if confirmed, would amount to an estuarine
residence of up to five months, much longer than
commonly believed. From observing peak catch data
in 2002 and 2003, most natural fingerlings arrived in
the estuary in May to acclimate and feed for several
weeks, before departing to marine waters. Nelson et al.
(2004) reported that Chinook growth rates in the
Duwamish estuary in 2003 were initially steady, but
increased to rates between 0.44 and 0.54 mm/day from
April through June, except for three weeks from mid
May to early June, when hatchery Chinook occupied
the area. During this time of hatchery fish residence,
growth rates dropped 75% to 0.13 mm/day, indicating
the existence of a juvenile density-dependent depression in growth.
In addition to reduced growth rates, natural origin
Chinook fingerlings may have been physically displaced as well. This phenomenon was apparent in the
transition zone (Nelson et. al 2004), and in restored off
channel estuarine habitats (Ruggerone and Jeanes
2004). These results suggest that there is a shortage of
available food and habitat capacity as a result of
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competition between hatchery and natural Chinook in
the estuary, especially in the transition zone.
Ruggerone and Jeanes (2004) demonstrated that
restoration of large amounts of off channel habitat is
necessary to have a measurable effect. This finding is
based on an estimate that only 0.16% of the three
million hatchery Chinook, and 0.16 to 0.33% of the
natural subyearling Chinook population used the five
off channel restoration sites these authors sampled in
the Duwamish estuary in 2003.
Since 2000, nine sub-adult (mean size 290 mm) and
one adult (585 mm) bull trout have been captured in
the Duwamish River. The large adult was captured in
May 2003 near Kellogg Island (river mile 1.0); the subadults were captured in the transition zone (river
mile 5.5) in August and September 2000 and September 2001 (Goetz and Jeanes 2004).
Conservation Hypotheses
Based on the results of the habitat and population
analyses, six conservation hypotheses were developed
for the Duwamish Estuary Subwatershed. Three were
rated as Tier 1 hypotheses, two as Tier 2 hypotheses,
and one as a Tier 3 hypothesis:
Duw–1 (Tier 1): Expanding and enhancing the
Duwamish estuary, particularly vegetated shallow
subtidal and intertidal habitats and brackish marshes,
by restoring dredged, armored, and filled areas, will
enhance habitat quantity and quality and lead to
greater juvenile salmon residence time, greater growth,
and higher survival.
Duw–3 (Tier 1): Enlarging the Duwamish River estuarine transition zone habitat by expanding the shallow
water and slow water areas will enhance habitat
quantity and quality of this key Chinook salmon
rearing area, leading to greater juvenile salmon residence time, greater growth, and higher survival.
Duw–5 (Tier 1): Protecting and restoring natural
sediment process (supply-transport-delivery) will
increase the quantity and quality of available juvenile
salmon rearing habitat, including salmon prey production;

Duw–4 (Tier 2): Protecting, creating, and restoring
habitat that provides refugia (particularly side channels, off channels, and tributary access) and habitat
complexity (particularly pools) for juvenile salmon
over a range of flow conditions and at a variety of
locations (e.g., mainstem channel edge, river bends,
and tributary mouths) will enhance habitat quality and
quantity and lead to greater juvenile salmon residence
time, greater growth, and higher survival.
Duw–6 (Tier 2): Protecting and improving water
quality (e.g., temperature, dissolved oxygen, metals
and organics) by addressing point and nonpoint
(specifically stormwater runoff) pollution sources will
enhance habitat quality and lead to greater juvenile
salmon growth, disease resistance, and survival.
Improved water quality will also enhance survival of
adult salmon, and salmon prey resources.
Duw–2 (Tier 3): Protecting and improving sediment
quality will enhance habitat quality and lead to greater
juvenile salmon growth, disease resistance, and higher
survival.
Necessary Future Conditions
The Duwamish Estuary Subwatershed contains two
assessment segments Tidal Delta (Segment 1, river
mile 0.0–1.5) and–Duwamish Valley (Segment 2, river
mile 1.5-11.0). However, they are being treated as one
segment for the necessary future conditions since their
goals and targets are similar. The hypothesized necessary future habitat conditions identified for the
Duwamish Estuary Subwatershed follow:
• Water quality meets State standards to prevent
recontamination of sediments and provide cool,
clean water required for healthy salmonid habitat,
including juvenile and adult migration;
• Sediment recruitment and transport rates approach natural rates to improve and maintain
existing habitat and support habitat development
(estuarine and riverine mudflats and marshes)
that will increase life stage productivity;
• Sediment quality meets State sediment management standards and achieves conditions consistent with the State/Federal cleanup process to
improve life stage productivity;
• Impediments (e.g., overwater structures) to
Chinook and salmonid migration are reduced;
• Mainstem, off channel, and tributary habitats are
improved to increase juvenile rearing, life stage
diversity, and productivity (increase egg-to-fry and
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fry-to-fingerling survival rates). Targets are functioning habitats representing about 30%8 of
historical habitat area. Habitats include shallow
channel edge, Palustrine and Riverine-tidal
wetlands (target = 108 hectares), and off channel
habitat (target = 2 hectares);
• Estuarine habitat (transition zone area, where
juveniles adjust to hyperosmotic conditions) is
expanded to encompass about 30% of historical
habitat area (target is about 70 hectares) and
habitat quality is functioning to improve juvenile
growth and survival rate; and
• Riparian zone is functioning and effective buffer
widths are established to provide all riparian
functions (shade, bank stabilization, sediment
control, organic litter, large woody debris, nutrients, and microclimate).

About half of the shoreline of Vashon/Maury Island, shown here at Piner
Point on Maury Island, is unarmored. July 2004 photo.

Marine Nearshore Subwatershed
Historical Conditions
While a complete WRIA 9 marine nearshore historical
habitat analysis has not yet been completed, a section
from Elliott Bay to West Point was reconstructed
(Collins and Sheikh 2004). There were three small tidal
marsh complexes: West Point, Smith Cove, and the
present-day Occidental Square area of Seattle. Smith
Cove was the largest and protected at the mouth by a

sand spit. The northern portion was a salt marsh
(about 18.9 hectares) fed by a large tidal network that
entered on the western side of the cove. Undeveloped
shorelines along the marine nearshore of Puget Sound
supported a diversity of shoreline habitats including
mud flats, eelgrass meadows, sand spits, estuaries,
beaches, and riparian areas. In general, shallow water
marine nearshore habitat was more prevalent, and
sub-estuaries were more numerous and in a more
natural state (e.g., Smith Cove in Elliott Bay, Raab’s
Lagoon on Maury Island), providing a high level of
habitat diversity for different life stages of Chinook
(e.g., fry migrants). There are limited data on the
historical distribution of submerged aquatic vegetation (e.g., eelgrass and kelp).
Current Conditions

The marine nearshore includes the completely developed central Seattle
waterfront. July 2004 photo.

Information on current aquatic and riparian habitat
conditions in the marine nearshore is summarized
from the Marine Shoreline Inventory Report (Anchor
Environmental 2004b) and the Reconnaissance
Assessment of the State of the Nearshore Ecosystem
(Brennan (Ed.) 2001). The attributes mapped included:
substrate, marsh habitat, aquaculture and shellfish
harvest areas, energy, sedimentation (net shore drift),
freshwater inputs, marine riparian vegetation (MRV),
large woody debris, shoreline armoring, impervious
surfaces, overwater structures and marinas, boat
ramps, jetties, breakwaters and groins, and marine
rails. A total of 151 km of marine shoreline was inven-

8. Loss of historical watershed area, and by rough extension the loss of flow, was used to determine the target habitat percentage.
Above the historical confluence of the Black and present-day Green rivers, approximately 70% of the contributing area was in the Black and
White River drainage areas; therefore a target of 30% of the historical habitat of the Duwamish River was established as the reference
condition, which is equivalent to the remaining contributing area after diversion of the White and Black rivers.
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toried. Approximately 59% of the MRV consisted of
trees, 28% was grass/landscaped and 10% had no
vegetation. There was marsh habitat along 8% of the
shoreline, with 6% patchy dune grasses, and only 1.5%
native high marsh habitat. Large woody debris and
drift logs were present along 14.7 and 21% of the
shoreline, respectively. No wood was present along
64% of the shoreline. Armoring was present along 63%
of the shoreline. There were 250 identified overwater
structures, 122 boat ramps, and 142 jetties, groins, or
breakwaters. Vashon/Maury Island and Federal Way
had the greatest extent of MRV as trees with 73 and
69%, respectively. The greatest extent of shoreline
armoring occurred in Seattle (90%) and the least
amount of armoring occurred in Federal Way (42%)
and on Vashon/Maury Island (50%).

early February, the juvenile (fry) catch declined before
peaking again from mid-May to late June, coinciding
with the fingerling outmigration from the river. The
use of shallow water habitats was also observed in a
study conducted by Toft et al. (2004). Based on these
studies and previous assessments (e.g., Brennan (Ed.)
2001), Chinook salmon appear to occupy the marine
nearshore nearly year round.
Although juvenile Chinook appear to be shoreline
oriented, they are quite broadly distributed, and
readily cross the open waters of Puget Sound. Furthermore, juvenile Chinook do not simply leave the river

Change in Habitat Conditions
Historically, Elliott Bay provided vital habitat for both
juvenile and adult salmonids. It was recorded that in
the 1860s, this area was abundant with salmon (Bagley
1929). It provided approximately 350 hectares of
tideflats and three small tidal marshes. These marshes
have been filled and highly altered, as have most of the
tideflats. Some of the northern portion of Elliott Bay
retains some unarmored shoreline, mostly along bluffs
of the Magnolia neighborhood. In addition, the western side of Elliott Bay (West Seattle) has lost much of
the middle to high intertidal habitat due to bank
armoring and urban development; some tidal flats still
exist at lower elevations. A more complete analysis of
changes in habitat conditions for the marine nearshore
is pending the outcome of the Puget Sound Nearshore
Ecosystem Restoration Project assessment of historical
conditions and changes in habitat conditions and a
WRIA 9 study examining changes in sediment sources,
erosion, and accretion along the marine nearshore.
Fish Utilization
Beach seine surveys were conducted in 2001-2002
along marine shorelines in WRIA 9 to fill data gaps and
characterize juvenile Chinook utilization of the marine
nearshore (Brennan et al. 2004). Juvenile Chinook were
captured throughout the study area, and there were no
significant differences in catch rates between the
mainland and Vashon/Maury Island. There were also
no significant differences at various tidal elevations,
indicating that juveniles move up and down along the
shoreline with the tide, primarily using shallow water
habitats. In 2003, natural-origin Chinook were also
surveyed along Elliott Bay shorelines and at the mouth
of the Duwamish Estuary (Nelson et al. 2004). After

Stomach content surveys of juvenile salmonids revealed their food sources.
September 2001 photo.
and head north through Puget Sound to the open sea.
Based on recaptures of coded wire tagged fish, Green
River Chinook appeared to disperse into Puget Sound
around mid-June, at the same time coded wire tagged
fish from other river systems increased in the catch
(Nelson et al. 2004). Outside of Elliott Bay, Green River
Chinook were found in higher numbers south of Elliott
Bay, compared to northern sampling sites. This suggests that oceanographic influences (e.g., winds,
surface currents) may play a significant role in distribution within nearshore areas. In addition, coded wire
tagged juvenile salmonids recaptured in WRIA 9
originated from 16 different hatcheries in nine WRIAs,
illustrating the potential importance of the WRIA 9
marine nearshore to multiple stocks of Chinook.
A detailed examination of juvenile Chinook feeding
habits along marine shorelines (Brennan et al. 2004)
revealed a large component of terrestrial insects in
their diet (50% numerically overall), with an even
higher seasonal component (about 80%) by weight for
one size category. Similar results were found by Toft
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et al. (2004) along Seattle’s marine shoreline. Over the
course of the year, juvenile Chinook diets are composed of diverse prey that are of benthic, pelagic, and
terrestrial origin. The prey composition varies seasonally and with fish size, with smaller fish feeding primarily on epibenthic and pelagic organisms and the
largest size category of fish (>150 mm) feeding primarily on other fishes (e.g., herring and sand lance).
Toft et al. (2004) investigated the abundance and
behavior of juvenile salmon at sites with different
shoreline modifications (e.g., bank armoring,
overwater structures) along Seattle’s marine shoreline
in 2003. The study found that substrate type and slope
are the most influential factors for fish densities when
shoreline modifications extend into the upper intertidal zone. However, shoreline modifications extending
into subtidal areas have the largest effect on fish
densities and behaviors by truncating the shallow
water zone. In the absence of shallow water habitat,
Toft et al. (2004) observed that juvenile salmonids were
forced into occupying deep water areas and exhibit a
higher amount of schooling behavior. In addition,
juvenile salmon avoided areas under overwater
structures.
Given the temporal and spatial use of the marine
nearshore and apparent consumption of the same
types of food resources (Brennan et al. 2004), it is
apparent that hatchery and wild fish compete for the
same resources. While little is known about resource
limitations, partitioning, or potential behavioral
changes resulting from these interactions, it is likely
that wild juvenile Chinook are at a disadvantage. In
studies by Brennan et al. (2004) and Nelson et al.
(2004), wild Chinook were smaller in size, occurred in
significantly lower numbers, and apparently competed
for the same spatial and dietary resources as their
hatchery counterparts during the same time periods.
A recently draft report on bull trout ecology in the
nearshore (Goetz and Jeanes 2004) states that “[B]ull
trout in the Puget Sound can undertake rapid, directed
migrations that may exceed 250 km using the
nearshore marine shorelines as pathways.” The only
direct data in this report regarding the utilization of
WRIA 9 by bull trout was a single fish captured at
Lincoln Park in West Seattle in April 1998. However,
due to the highly migratory behavior of these fish,
many important inferences for WRIA 9 can be drawn
from data collected in other nearshore areas. Especially important are the bull trout diet studies that

show a prevalence of bull trout prey species (e.g.,
smelt, herring, sandlance, and shiner perch) that
depend on the marine nearshore for spawning habitat.
Conservation Hypotheses
Based on the results of the habitat and population
analyses, five conservation hypotheses were developed
for the Marine Nearshore Subwatershed. Two were
rated as Tier 1 hypotheses, one as a Tier 2 hypothesis,
and two as Tier 3 hypotheses:
Near–2 (Tier 1): Protecting and increasing the availability of vegetated shallow nearshore and marsh
habitats will enhance habitat quantity and quality and
lead to greater juvenile salmon residence time, greater
growth, and higher survival.
Near–3 (Tier 1): Protecting and restoring nearshore
sediment transport processes by reconnecting sediment sources and removing shoreline armoring that
impacts sediment transport will lead to greater prey
production, greater juvenile salmon growth, and
higher survival.
Near–5 (Tier 2): Protecting and enhancing pocket
estuaries (i.e. smaller non-natal estuaries, lagoons, and
spits) and salmon-bearing and non-salmon bearing
tributary mouths by maintaining/ restoring tributary
mouths will increase quantity of key habitat and lead
to greater juvenile salmon growth and survival.
Near–1 (Tier 3): Protecting and improving sediment
quality, particularly in Elliott Bay, will enhance habitat
quality and lead to greater juvenile salmon growth and
higher survival.
Near–4 (Tier 3): Protecting and expanding forage fish
spawning areas by maintaining/ increasing high
intertidal zone access and maintaining/increasing
availability of suitable substrate sizes will lead to
greater juvenile salmon growth and higher survival.
Necessary Future Conditions
There are nine assessment segments in the Marine
Nearshore Subwatershed: five assessment segments on
the mainland and four assessment segments on the
islands. The hypothesized necessary future habitat
conditions identified for the Marine Nearshore
Subwatershed follow:
• Water quality of tributaries meets State standards
to increase productivity of pocket estuaries and
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marine nearshore areas to increase juvenile and
adult life stage productivity;
• Marine sediment recruitment and transport rates
approach natural rates to maintain existing
habitat and support habitat development to
increase life stage productivity;
• Sources of cool, clean water from groundwater
supporting marine nearshore springs and seeps
are maintained;
• Impediments (e.g., overwater structures) to
Chinook and salmonid migration are reduced;
• Marine nearshore habitats are improved to
increase juvenile rearing, life stage diversity, and
productivity. Marine nearshore habitats include
salt marshes, beaches and backshore, pocket
estuaries, and shallow water habitat; and
• Marine riparian zone is functioning and effective
buffer widths are established to provide all riparian functions.

Chinook Salmon Populations
Historical Conditions
The following section summarizes information from
Historical and Current Salmonid Population Conditions in WRIA 9 (King County Department of Natural
Resources and Parks and WRIA 9 2004). Historical
abundance estimates for independent populations
such as the Green River Chinook salmon are difficult to
determine since available data from the early 1900s is
on fish catch or pack data for Puget Sound as a whole.
Myers et al. (1998) reviewed fish canning data from the
early 1900s and observed a peak harvest in 1908 that
resulted in 95,210 cases of Chinook salmon, corresponding to a peak Chinook run size of approximately
690,000. Based on this historical peak catch, an estimate of historical abundance for the Green/Duwamish
watershed was made using comparative watershed
size (and flow), resulting in an estimate of maximum
run size of 37,700 Chinook and a minimum run size of
9,000 to 11,000. A different method used by NOAA
Fisheries estimated potential historical Chinook
spawner capacity for the Green River at 45,200
(Sanderson et al. 2004).
No reliable historical information is available on
productivity, in terms of recruits per spawner for Puget
Sound Chinook. The best information available that
can be used for representing historical productivity are
the Chinook spawner abundance planning targets and

ranges for the Puget Sound Region provided by the
Puget Sound Technical Recovery Team (Shared Strategy 2002). Target maximum population growth rates
have been identified that range from 2.3 to 3.8 recruits
per spawner for various Puget Sound river systems.
The greater Duwamish watershed included the White,
Black, Cedar, Green, Duwamish, and Sammamish
rivers, as well as numerous other salmon spawning
tributaries. By 1916, the watershed was reduced to 30%
of its former size, thus greatly altering spatial structure
and affecting other viable salmonid population (VSP)
parameters, including genetic and life history diversity,
abundance, and productivity. Historically, the spatial
distribution for Chinook spawning in the Green River
ranged from river mile 24 to river mile 91.3, including
reaches within the Lower, Middle, and Upper Green
River Subwatersheds. Before construction of the
Tacoma Headworks in 1911, it is believed that Green
River spring Chinook and possibly summer/fall
Chinook used the Upper Green River for spawning and
rearing. Without historical spawning data, assumptions of spawning distribution in the Upper Green
River are based on the spawning patches (core areas)
predicted by Martin et al. (2004). The historical spatial
structure of rearing habitat for Green/Duwamish
Chinook has not been documented, but juvenile
salmonids likely utilized most of the watershed. As
discussed previously, the aquatic habitats of the
Green/Duwamish system included hundreds of
hectares of tidal wetlands and intertidal flats, hundreds
of kilometers and a dense network of tributaries and
side channels, and a dynamic mainstem (Blomberg
et al., 1988; Collins and Sheikh 2004; Kerwin and
Nelson, 2000). Depending on the life history trajectory,
the length of residence by juvenile salmonids in these
aquatic habitats varied.
Chinook salmon display the greatest diversity in life
history patterns of the Pacific salmonids. Since there is
virtually no reliable historical data or information on
the life history of Green River Chinook, a conceptual
model was developed for historical diversity using
assumptions based on current knowledge, hatchery
records, and historical habitat conditions that likely
existed prior to 1900. The Green River is believed to
have historically supported two independent populations of Chinook salmon, a stream-type and oceantype (Nehlsen et al. 1991; Washington Department of
Fish and Wildlife and Western Washington Treaty
Indian Tribes 1993; Puget Sound Technical Recovery
Team 2003). Stream-type Chinook salmon, commonly
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referred to as spring stocks, return to their natal river
principally in spring and early summer, several
months prior to spawning. Ocean-type, commonly
referred to as summer/fall stocks, principally enter
freshwater during the late summer and fall, just a few
days or weeks before spawning. In addition to the two
Green River populations, there were probably a
minimum of three other independent Chinook populations within the greater Duwamish basin, including
those in the Cedar River, White River, and North Lake
Washington (King County Department of Natural
Resources and Parks 2004, Puget Sound Technical
Recovery Team 2004).

• Estimates of historical population size are quite
variable but independent methods put the historical maximum run size at approximately 37,700;

For adults, variations in return and spawn timing are
behavioral patterns that help to differentiate oceantype from stream-type Chinook salmon, as well as
create greater diversity within a population that can
reduce its risk of extinction due to natural disaster. It is
difficult to know for certain the historical return and
spawn timing, but estimates are summarized from
Historical and Current Salmonid Population Conditions in WRIA 9 (King County Department of Natural
Resources and Parks and WRIA 9 2004). Lacking
specific data on the historical life history diversity of
Green River juvenile Chinook, it is assumed that all the
current five juvenile life histories would have been
present historically in the Green River, with some
trajectories being more common than they are today.
Information on historical populations of other salmonids can be found in Historical and Current Salmonid
Population Conditions in WRIA 9 (King County Department of Natural Resources and Parks and WRIA 9
2004). Section 7 of the Strategic Assessment summarizes the findings related to Chinook viable salmonid
population parameters in WRIA 9 and presents goals
and rationale on these parameters to support a viable
population in the future.

• Natural origin recruit spawner estimates vary as
well but the Technical Recovery Team calculated
the mean of natural origin recruit spawners from
1993 to 2002 at 1,737; and

Current Conditions
The abundance and productivity analyses carried out
for the Green River population by the Puget Sound
Technical Recovery Team and the WRIA 9 Technical
Committee revealed several interesting and sometimes
ambiguous outcomes:
• The population of the Green River is greatly
affected by hatchery origin fish; the number of
hatchery origin fish spawning naturally varies
considerably – from about 30% to over 70% in a
given year;

• Current mean natural origin run-size estimates
vary between 11,200 (Puget Sound Technical
Recovery Team 2004) and 14,700 (Weitkamp et al.
2000) (Note: these numbers include escapement
plus all harvest of natural origin Chinook);
• It has been estimated that annually an average of
5,700 Chinook have returned to the river to spawn
naturally and 8,200 have returned to the hatcheries from 1968-1997 (Kerwin and Nelson [Eds.]
2000);

• Productivity estimates are also variable with a
cohort replacement ratio as calculated by the
Technical Recovery Team showing a recruit/
spawner ratio of natural origin recruits that varies
between .02 and 23 with a negative trend.
The spatial distribution of Chinook spawning in the
Green River was altered as a result of construction of
the Tacoma Headworks. Mainstem spawning is limited
to downstream of river mile 61.1, compared to approximately river mile 88 historically. The control of
flow and flood events combined with flood control
levees/revetments has resulted in the mainstem being
narrower, with reduced spawning substrate, and thus
spawning habitat patches are likely smaller. The
diversion of the White River and Cedar River and the
dewatering of the Black River have fragmented the
historical spatial structure. The diversion of the White
River eliminated the replenishment of spawning
gravels at its historical confluence, affecting spawning
downstream of river mile 31.3. The current spawning
distribution is a continuum of spawning throughout
the Green River from river mile 25.4 to 60.8 with
patches of very high density, as compared to the
expected spatial arrangement of discrete patches
separated by long stretches of no spawning. Chinook
spawning also occurs in the lower reaches of
Newaukum and Soos Creeks. Hatchery practices have
altered spawning distribution of the Green River
Chinook population by contributing hatchery origin
recruits to natural spawning areas, including high
density spawning near Soos Creek and the Icy Creek
rearing ponds. Though the Green River Chinook
population has not experienced the same decline in
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the Chinook population to a high degree of risk since
the majority of spawning (82%) is contained within the
mainstem from river mile 61.1 to 33.0. Dam failure,
landslides, and chemical/oil spills all pose threats to
the spawning and rearing population within this
segment of river.

naturally spawning adults that has occurred in other
Puget Sound rivers, these numbers are masked by the
high hatchery stray rate onto the spawning grounds.
The dams have blocked upstream migration of adults
and limit juvenile rearing distribution in the Upper
Green. Significant habitat loss has occurred in the
Middle Green River limiting available refuge and
rearing habitat and reducing residence time and
spatial structure. A total of fourteen types of catastrophic events (natural and/or anthropogenic) were
identified when evaluating extinction risk to the Green
River Chinook (see WRIA 9 and King County Department of Natural Resources and Parks 2004). Spatial and
temporal characteristics for each catastrophe along
with their effects on the population were examined.
High probability catastrophes include chemical or oil
spills, landslides, major floods, and disease outbreak.
The current spatial distribution of spawning subjects

Spring Chinook salmon have been extirpated from the
Green/Duwamish watershed and only the fall stock
remains. A shift in return time has occurred that is
largely attributed to hatchery practices. The mean
peak return timing to the hatchery racks is October 4
compared to two-weeks later in the mid-1940s and
historical estimates of natural return peak occurring in
the third week of October. Five juvenile life history
trajectories have been identified (Figure 4-2); however,
only two of those trajectories, estuarine-reared fry and
marine-direct fingerling, are common today. A yearling
life history trajectory continues to be present, but it is

FIGURE 4-2: Green/Duwamish River Juvenile Chinook Salmon Rearing Trajectories
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now rare; it is believed that this trajectory may have
been common in the past since a spring stock was
likely present. Lower river-reared fry and marine-direct
fry appear to be uncommon today, although historically they may have been more abundant because of
greater genetic diversity and habitat complexity.
Significant loss of habitat in the estuary and lower river
has likely had a negative impact on habitat capacity,
growth rate, residence time, and survival, especially
among trajectories or life history types that rear in
freshwater or the estuary for longer periods. These
changes have likely reduced or eliminated behavioral
variation by forcing juveniles to move through the river
faster as they searched for adequate rearing habitat
and food while avoiding predators. Major riverine
diversions within the historical Greater Duwamish
watershed have reduced the number of independent
Chinook populations from five to one, with the Green
River fall Chinook population the only one remaining.
Straying and gene flow among the five populations
have been severely reduced due to human actions that
have isolated the populations. A significant amount of
genetic interchange between natural and hatchery
origin Chinook has occurred through constant intermingling on the spawning grounds during the past
century.

4.6 NECESSARY FUTURE CHINOOK
SALMON POPULATION CONDITIONS
This subsection summarizes the necessary future
viable salmonid population goals and rationale to
support a viable population in WRIA 9 (WRIA 9 and
King County Department of Natural Resources and
Parks 2004). In the absence of Puget Sound Technical
Recovery Team goals for abundance for the Green
River population, a precautionary approach was used
based on the historical run size estimates. This was
coupled with the population viability calculations from
the Technical Recovery Team (approximately 17,000 for
most independent populations of Puget Sound Chinook) to establish a range for population viability, with
a lower bound of 17,000 adults and an upper bound
near 37,700. Since there is always considerable measurement and model error in these calculations, a
reasonable target for the population might lie near the
midpoint of these estimates at about 27,000 adults.
When historical and current capacity estimates are
made, and the results of the habitat modeling exercise
by the Muckleshoot Indian Tribe is finalized and

released, a more confident estimate of target equilibrium run size can be made. The following is a brief
summary of abundance goals:
• In the near term (over the next 10 years), a more
critical target should be the number of natural
origin recruit spawners in the system. In the Green
River, the number of natural origin recruits is
small and could become smaller with increasing
hatchery influence. From 1993 to 2002, the Technical Recovery Team calculated the mean of natural
origin recruit spawner escapement to be 1,737.
The population appears to be very near the
“critical population threshold” and should be
increased to the upper values suggested in the
viable salmonid population guidelines — 1,000 to
4,200/year; and
• A concomitant effect of low population size is the
loss of distinct spawning aggregations (DSA) as
population numbers fall. Given the low numbers
of natural origin recruits (NORs), it is likely that
many once-distinct aggregations have been lost.
The number of DSAs may have fallen by a factor of
10 or more based only on the historical population
size. The current number should rise as the
number of NORs is increased and the DSAs should
disperse throughout the available habitat.
To a large extent, the overwhelming presence of
hatchery origin recruits (HORs) on the spawning
ground may mask a decline in productivity of natural
origin recruits (NORs). Calculations by the Puget
Sound Technical Recovery Team for long and shortterm productivity show considerable variation depending on the assumption used for hatchery origin
recruit reproductive success. If hatchery origin recruits
are assumed to be as effective as natural origin recruits, then both short- and long-term trends in
median growth rate (lambda) are considerably less
than 1. The actual value of hatchery origin recruit
effectiveness probably lies between 0 and 1, and both
short- and long-term trends would then be closer to
and just below 1. This short-term trend is disturbing
and should be adjusted upward. The importance of
productivity is mirrored by the emphasis it received
from the WRIA 9 Technical Committee, placing productivity at the top when ranking viable salmonid
population parameters for effect on population
viability in the Green River. The following is a brief
summary of productivity goals:
• Given the estimated value of natural origin recruit
breeders, the short term decline in productivity
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becomes problematic. If the target of 1,000 as an
effective population size for natural origin recruits
is used, then the rate of growth to achieve this
target in 15 years is approximately 1.05. Given the
error in estimating lamda and the error in hatchery origin recruit effectiveness, a growth rate of
1.05 should be considered a minimum value;
• Consistent with the expansion of spawning
aggregations for natural origin recruits (NORs),
the number of suitable habitat patches for spawning should be higher as well. The case could be
made that the number of suitable patches for
NORs must at least quadruple to achieve the
natural origin recruit abundance target. If replacement of hatchery origin recruit spawners with
natural origin recruit spawners is factored in, an
increase in the number of natural origin recruit
occupied patches of at least 50% seems warranted;
and
• The reoccupation of patches and the reduction in
the effect of hatchery origin recruits on natural
origin recruit productivity can only be accomplished if the number of hatchery origin recruits
on the spawning ground is reduced. Following the
recommendations of Technical Discussion Paper
#1 (Hatchery Scientific Review Group et al. 2004),
the goal for an integrated hatchery program (the
current approach for the Green River Chinook
population) is to reduce the hatchery origin
recruit escapement to the spawning grounds to
30% or less of the naturally spawning population
in any given year.
Spatial structure is important for at least three reasons: (1) the distribution of sub-population units
throughout suitable habitats (spawning and rearing)
reduces the risk posed by catastrophic events; (2) the
wide distribution allows normal rates of demographic
processes—immigration, emigration, gene flow—to
occur between population sub-units; and (3) spatial
structure within a population can lead to increased
diversity of life history trajectories. The following is a
brief summary of spatial structure goals:
• A significant contribution to population viability
can be achieved by recovering spatial structure of
spawning and rearing salmon above the dams;
• Recovery of spatial structure below the dams is
warranted also. This would bring occupied
patches into closer proximity and allow interactions among more numerous local aggregations of

Chinook. These patch recovery goals should focus
on providing suitable rearing habitat for juveniles;
• Soos and Newaukum Creeks are occupied by
Chinook and have become established spawning
aggregations. Since occupied patches were lost in
the mainstem, these tributaries have become new
elements in the spatial structure of the population. These areas should be protected as aggregations, reducing the risk from catastrophes affecting the mainstem; and
• Refugia are areas within a watershed that provide
persistent habitat conditions that support the
population during environmental perturbations.
In the Green River, capturing multiple aggregations of the spawning and rearing population into
refugia in the Upper and Middle Green mainstem,
the Duwamish Estuary, and the marine nearshore
would assist in the maintenance of spatial structure within the population.
Diversity, a result of local adaptation, is often considered to be the hallmark of salmon populations. Diversity encompasses population and sub-population
differentiation: variation within a population related to
size, fecundity, age structure, life history types and
trajectories, and genetic variation. By most accounts,
an early (spring-type) run of Chinook once occupied
the Green River upstream of the Green River Gorge and
the dams, but it is now considered to be extinct by the
Puget Sound Technical Recovery Team. In addition, the
expression of life history types and trajectories has
been reduced as habitats throughout the river (including the estuary and nearshore) have been modified
and lost. The following is a brief summary of diversity
goals:
• Since the existing life history types are the basic
material for future adaptation of the species, the
existing life history trajectories must be conserved;
• The opportunity for the expression of historical
life history trajectories should be enhanced. This
would require the recovery of historical habitat
types and some proportion of their quantity in
several areas of the river: Upper, Middle, and
Lower Green, Duwamish Estuary, and marine
nearshore;
• Increase variability in age structure for the population. This includes an increase in the proportion
of 5- and 6-year old spawners and an increase in
yearling outmigrants;
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• The recovery of an early run life history type in the
Upper Green River should be considered to
expand both life history types and trajectories in
the Green River. This could also provide significant
conservation value to the Puget Sound Evolutionarily Significant Unit and the South Sound geographic area;
• Expand the run and spawn timing for the existing
fall Chinook population to more appropriately
mirror the historical timing; and
• Other components of diversity are not as well
studied as age structure and life history trajectories. These other components (e.g., size, fecundity,
age at migration) should be studied for negative
trends over time as part of an adaptive management program.
The WRIA 9 Technical Committee agreed that it is
necessary to look at both short-term and long-term
needs in evaluating the viable salmonid population
parameters that most threaten viability. They determined, using information from the Strategic Assessment, that the short-term concern is productivity of
natural origin recruit spawners and that both spawning and rearing habitat quantity and quality will need
to be addressed. Over the long-term, spatial structure
was identified as the viable salmonid population
parameter most threatening the viability of the Green
River Chinook population.

Non-Habitat Conservation Hypotheses
Based on the results of the population analyses, three
conservation hypotheses were developed to address
non-habitat conditions (e.g., hatchery, harvest of
salmonids, and harvest of prey species). Two were
rated as Tier 1 hypotheses and one was rated a Tier 3
hypothesis:
Non-habitat–1 (Tier 1): Employing live capture techniques to harvest hatchery salmon (marked) and
release natural salmon will reduce mortality of naturally-produced salmon while providing the opportunity to harvest a greater percentage of hatchery fish
and thereby reducing straying of hatchery fish to the
spawning grounds. [Note: Ranking of this hypothesis is
based on the presumption of a segregated stock.
Chinook in the Green/Duwamish, however, currently
are managed as an integrated stock.]
Non-habitat–2 (Tier 1): Modifying hatchery practices
(e.g., more natural rearing conditions, smaller releases,
release timing and location, genetic management, etc.)
and improving the attractiveness of hatcheries to
returning hatchery adults will lead to reduced interactions between hatchery origin and natural origin
Chinook salmon, and enhance production of natural
origin Chinook.
Non-habitat–3 (Tier 3): Reducing harvest of nonsalmonid commercially and recreationally important
species (e.g., Dungeness crab, and forage fish) will lead
to greater prey availability for juvenile and adult
salmonids.
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4.7 RELATIONSHIP TO HABITAT
MANAGEMENT STRATEGIES
AND ACTIONS
Chapter 4 has summarized the scientific foundation
for development of the WRIA 9 Habitat Plan. In particular, the information on historical and current
habitat and salmonid population conditions, fish
utilization, water quantity, and water quality was used
to develop the conservation hypotheses and hypothesized necessary future conditions for WRIA 9. These
priority conservation hypotheses and hypothesized
necessary future conditions were then used to develop
habitat management strategies by subwatershed
(Chapter 5) and habitat actions (Chapter 7) as part of
the logic train for developing the recommendations of
this Habitat Plan (Figure 4-3).

FIGURE 4-3: Logic Train Showing the Relationship of the
Hypothesized Necessary Future Conditions and Conservation
Hypotheses with the Habitat Management Strategies and
Actions

NECESSARY
FUTURE CONDITIONS

CONSERVATION
HYPOTHESES

• VSP goals

• Watershed-wide

• Habitat targets

• Subwatershed
• Non-habitat

HABITAT
MANAGEMENT
STRATEGIES
• Habitat condition
• Processes
(protect, restore,
rehabilitate,
substitute)

ACTIONS
• Projects
• Regulatory
• Education
• Study
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5.1 INTRODUCTION
The habitat management strategies described in this
chapter provide the link between the conservation
hypotheses and hypothesized necessary future conditions described in Chapter 4 and the habitat policies,
projects, and programs recommended in Chapter 7.
Development of the habitat management strategies is
a necessary component of the logic train (Figure 4-3)
that provides the focus on what has to be done to
accelerate habitat recovery for Chinook salmon, bull
trout, and other salmonids in the Green/Duwamish
and Central Puget Sound Watershed (Water Resource
Inventory Area 9 [WRIA 9]). This chapter also includes
a list of management policies that are applicable
throughout the watershed (Section 5.7) that provide
guidance to implement the habitat management
strategies and ultimately the management actions.

5.2 APPROACH

Puget Sound Technical Recovery Team
Guidance
The Puget Sound Technical Recovery Team was created
by NOAA Fisheries to provide technical support and
analysis for Chinook recovery in Puget Sound.
According to the Puget Sound Technical Recovery
Team (2003), “A strategy describes the general
approach that, when viewed in the context of the
working hypothesis, is likely to improve the status of
the population. Strategies are not specific actions, but
provide guidance for subsequent identification of
projects and/or management actions.”
A strategy is mainly a coherent approach for
developing, choosing, and implementing particular
actions to reach specific objectives and is intended to
accomplish a general goal. A complete strategy should
also be useful for prioritizing and sequencing actions
across the several spatial scales of a watershed.

A watershed and fish population in excellent condition
might suggest an emphasis on protecting the system
from future harm. On the other hand, a watershed that
has suffered considerable damage, some of it irreversible, may suggest rehabilitation as a primary strategy.
(“Protection” and”“rehabilitation” are defined below.)
The appropriateness of a strategy may be “tested” by
considering the relationship among the components
that link watershed and population attributes in the
degraded state to the same attributes in the recovered
state. If the existing conditions and the hypotheses
that are derived from them are valid and clearly
reflected in the strategy, and the actions proposed and
outcomes predicted can be logically derived from the
strategy, then it is reasonable to conclude that the
strategy is (in a logical sense) appropriate. In the case
of salmonid conservation, the development of habitat
management strategies is intended to complement
hatchery and harvest strategies in attaining viable
salmonid population (VSP) goals — abundance,
productivity, diversity, and spatial structure (see
Section 4.2 for elaboration on VSP) — necessary to
reach salmon recovery (the “supra-goal” or overall
goal). The Puget Sound Technical Recovery Team
approach is portrayed in Figure 5-1.
Although the development of a strategy should be
driven primarily by the working hypotheses, legal,
cultural, and socio-economic factors will influence the
choice and implementation of strategies as well.
Funding considerations, public support, opportunity,
political expediency, and legal necessity all will play a
role in the development of the management strategies
and the subsequent actions derived from them.
Nevertheless, the biological conditions and the
hypotheses linking the habitat conditions to recovery
should remain the focus of any habitat management
strategy. The strategies described below are essentially
derived from the working biological hypotheses and
may have to be modified to reflect the constraints
listed above.

A strategy might answer, for example, the question
“Given the condition of the population and the goals
for recovery, and recognizing the history and condition
of the watershed and its habitats, what guidance or
principles can be derived that will direct appropriate
management actions to achieve the goals?”
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FIGURE 5-1: Technical Recovery Team Approach to Development Management Strategies and Actions
VSP
(Viable Salmonid Population)

Attributes
Watershed
Conditons
Habitat Landscape

VSP Goals

Strategies for:
• Habitat
• Hatchery
• Harvest
• Hydro

Hypotheses

Given the lack of complete knowledge about salmon
populations and their relationships with habitat
conditions, and given the unpredictable nature of the
variation across the many habitats that salmon must
occupy (fresh water to estuarine to marine), there
remains considerable uncertainty in the task of
salmon recovery. Competent strategies will recognize
and accommodate this uncertainty in three ways:
• A strategy, itself, may be precautionary in that it
stipulates protection of natural ecosystem processes and functions that are considered more
reliable in meeting the viable salmonid population
objectives;
• A strategy may be conservative in that it specifies
some degree of redundancy in actions or guides
decision makers to actions that are well-tested
and whose outcomes are largely predictable and
with low risk to the populations; and

applied to reaching habitat objectives and viable
salmonid population goals:
• Protect where habitat is presently fully functional,
supported by natural processes, and supportive of
VSP parameters;
• Restore where habitat is impaired but full function
can be achieved and the supporting role of natural
processes can be recovered;
• Rehabilitate where habitat is impaired and restoration of full function and supporting processes is
not feasible but specific improvements to functions and supporting processes can be achieved;
and
• Substitute where function is required but habitat
features are irretrievable and supporting processes cannot be recovered.

• Habitat management strategies may contain
multiple, alternative actions to accomplish stated
objectives; the actions themselves may have
varying degrees of certainty in achieving the
objectives or some may be experimental, with
higher risk to populations but with greater potential recovery outcomes as well.
The uncertainty in actions arises from a combination
of external (to the action) influences, the experimental
nature of the actions themselves, and environmental
and demographic variability that clouds the effectiveness of the actions. In the case of strategies and
actions, adaptive management is critical to successful
attainment of the strategic objectives and to the overall
goals (see Chapter 9, Adaptive Management and
Monitoring, for further discussion of the importance of
adaptive management).
The Puget Sound Technical Recovery Team proposed
four general management strategies that should be

Management
Actions for:
• Habitat
• Hatchery
• Harvest
• Hydro

As a corollary to the four proposed Puget Sound
Technical Recovery Team general management strategies, the National Research Council (1992) proposes
the following definitions for the terms used by the
Puget Sound Technical Recovery Team in its guidance:
• Protection: (Also preservation) The maintenance
of ecosystem form and function together with the
attendant processes necessary for creation and
maintenance of the ecosystem. This may also
imply management of the ecosystem (or of
external influences) to maintain natural characteristics and function;
• Restoration: To return an ecosystem to a close
approximation of its condition prior to disturbance; the re-establishment of pre-disturbance
aquatic functions and related physical, chemical,
and biological characteristics. This requires
attention to rebuilding the entire ecosystem with
attention to all functions and characteristics, an
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objective that may, in practice, be quite difficult to
achieve;
• Rehabilitation: To return to working order or to
put back into good condition. In this case, not all
characteristics and functions of an ecosystem will
be recovered but improvements can be made that
approximate some undisturbed forms and functions. This is similar to, but not the same as,
enhancement in the view of the National Research
Council. Continual anthropogenic intervention
will likely be required because restoration of the
underlying ecosystem processes has not occurred;
and

maintain the action to achieve viability goals, and the
goals may be quite restricted — productivity but not
diversity, abundance but not spatial structure, for
example. Thus, certainty in the outcome of the (most
artificial) actions for population viability decreases
from protection to substitution and will require
increased monitoring and evaluation to assure success.

WRIA 9 Approach

Protection is the most important strategy in areas of
the watershed where the form and function of habitats,
and the processes that support them, are largely intact.
An important consideration is to determine the
appropriate boundaries of the ecosystem that requires
protection. Restoration is the preferred strategy in
those areas where the impairments to habitat function
can be identified easily and remedies that recreate the
undisturbed form and the supporting processes can be
accomplished (this may occur adjacent to protected
areas, for example, where restoration may be used to
enlarge the function of the protected area). Rehabilitation is preferred where impairments to form and
function are the result of constraints that cannot
feasibly be altered but where certain functions (but not
the full suite of functions) and processes can be
reliably improved. Substitution should be used where
habitat form and function, and the supporting processes, have been irretrievably altered or lost completely (this is likely to occur in the most degraded
areas of the watershed where human infrastructure
has replaced the natural infrastructure and supporting
processes no longer operate).

The approach taken in WRIA 9 differs in some respects
from the approach of the Puget Sound Technical
Recovery Team. In this Plan, the strategies were not
derived sequentially from the hypotheses as suggested
by Figure 5-1. Rather than take the intermediate step of
crafting causal hypotheses and general strategies, the
conditions work of the WRIA 9 Strategic Assessment
(King County Department of Natural Resources and
Parks et al. 2004) was translated directly into conservation hypotheses that respond more discretely to
habitat change and to improvement of viable salmonid
population (VSP) parameters. Thus, the conservation
hypotheses are not strictly the same as the Puget
Sound Technical Recovery Team-proposed “hypotheses” but are intended to accomplish much the same
purpose. However, because no single overall strategy
links conditions to VSP outcomes, it is difficult to
obtain a “collective” view of the actions as they link to
VSP outcomes, to evaluate uncertainty, or to evaluate
the effects of alternative strategies. Also, it should be
noted that WRIA 9 has undergone considerable change
over the last 150 years and single strategies — even
some multiple strategies — are unlikely to be successful in the face of such enormous change. Once developed, the conservation hypotheses were assembled
into groups by subwatersheds. A close reading of the
conservation hypotheses by watershed and
subwatershed, however, allows the strategies implicit
in the conservation hypotheses to be understood. The
conservation hypotheses for the watershed in general,
and for each of the subwatersheds, can be found in
Chapter 4; the management strategies, grouped by
subwatershed, can be found below in Section 5.5 and
in Volume II: Appendix F.

In the progression from protection to substitution,
confidence in the sustainability and success of actions
to meet viability goals decreases (uncertainty increases). Furthermore, the more artificial the action,
the greater is the investment necessary to fashion and

Once the management strategies were developed,
specific habitat actions (projects and programs) and
policies were formulated to meet the objectives of the
strategies (these actions are presented in Chapter 7). At
the level of habitat actions, the Puget Sound Technical

• Substitution: The most artificial of the strategies in
the view of the Puget Sound Technical Recovery
Team. This is the replacement of ecosystem form
and functions with new features that are not
supported by natural processes. Substitutions
require constant intervention to maintain the
desired functions.
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Recovery Team guidance is consistent with the work of
the National Research Council (1992), Spence et al.
(1996), and NOAA Fisheries (1996). In short, the
guidance for habitat restoration suggests a preferred
kind and sequence of habitat actions (see Chapter 4 –
Section 4.2). This same order — working from the basic
formative processes — may be applied to rehabilitation actions as well and may even be useful when
considering priorities for protection provided the–
“process areas” and functional boundaries of the
ecosystem can be determined. Such an attempt was
made in the Green/Duwamish River by delimiting river
segments based on valley form and geomorphic
attributes. These”“response segments” represent units
of the riverine ecosystem at a meso-scale (in between
the subwatershed scale and the project scale) within
which particular habitat management actions are
likely to produce similar habitat and population
responses that are distinct from other segments. Thus,
a gravel-bedded segment in a flat and wide valley will
respond to the placement of large woody debris much
differently than will a steeper, bedrock segment of the
river.
In WRIA 9 — as in most watersheds in Puget Sound —
a single strategy is insufficient to address the range of
necessary habitat conditions needed throughout the
basin. Although a single strategy may dominate a
watershed or subwatershed, the variety of conditions
present in WRIA 9 requires a combination of strategies
that are complementary and responsive to the degree
of change (complementarities may be one of the
strengths of the approach used in this Plan). The utility
of general strategies is their applicability in a hierarchical fashion from the watershed to the subwatershed to
the river segment. By applying the strategies in this
way, actions may be assembled and sequenced for
greatest effect. From the headwaters of the Green River
above Howard Hanson Dam to the remnants of the
Duwamish River estuary to the nearshore environments of the mainland and of Vashon/Maury Island,
area-specific combinations of these strategies have
been assembled to address the kind and severity of
anthropogenic (human-caused) alteration to the
habitats of WRIA 9. Strategies have been formulated for
each of five sub-areas within WRIA 9: the Upper Green
River Subwatershed, the Middle Green River
Subwatershed, the Lower Green River Subwatershed,
the Duwamish Estuary Subwatershed, and the Marine
Nearshore Subwatershed (see Figure 1-1). These

strategies are carried downscale into the segments of
the river within each subwatershed to provide the
greater spatial distinctness necessary for crafting
appropriate habitat actions. Actions that implement
the subwatershed strategies are addressed in
Chapter 7.
Habitat actions alone cannot account for the sum of
recovery in this or any other watershed, however. The
history of watershed and salmon management is far
too complex to unambiguously attribute declines to
any one or two factors. To be sure, the present condition of viable salmonid population (VSP) parameters
in the WRIA 9 population reflects recent human
intervention. Habitat degradation is one of many
activities that have affected Chinook populations in
WRIA 9 and habitat actions to remedy the degradation,
though absolutely necessary, are a part of a larger plan
that includes harvest and hatchery actions as well. The
integration of all actions through the Puget Sound
Salmon Recovery Plan will be critical to successful
implementation of this Habitat Plan.

5.3 SCIENTIFIC BASIS FOR HABITAT
MANAGEMENT STRATEGIES
WRIA 9 has been committed to producing this sciencebased Habitat Plan since the signing of an interlocal
agreement in 2000. Building on early reconnaissance
assessments of the riverine and nearshore ecosystems,
the Strategic Assessment (see Chapter 4) was developed to fill data gaps and provide the substantive
technical foundation for the Habitat Plan (King County
and WRIA 9 2004). The final synthesizing tasks of the
Strategic Assessment — the functional linkages evaluation and necessary future conditions — are the predecessors to development of habitat management
strategies. From the information contained in the
Strategic Assessment comes the basis for combining
the watershed conditions and viable salmonid population (VSP) attributes (Figure 5-1) into the working
hypotheses. At the same time, the functional linkages
work established the conceptual and empirical relationships between the habitat conditions of the
watershed and the VSP parameters.
Although no quantitative model1 was used to evaluate
the quantitative changes to the VSP parameters

1. Quantitative models such as the Ecosystem Diagnosis and Treatment (EDT) and SHIRAZ were considered earlier in the development of this Plan.
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resulting from changes to habitat, the conceptual
model — embodied in the Ecological Synthesis Approach — is a powerful and scientifically logical
framework for making a qualitative assessment. It is
thought that such a framework, where the reasoning
and empirical evidence that link habitat attributes and
population attributes are clear and scientifically
sound, is a necessary first step in the crafting and use
of a quantitative model in any event. The Ecological
Synthesis Approach relies on multiple sources of
information, historical and current, to develop numerous conservation hypotheses from which strategies
and actions can be derived (see Chapter 4 – Section 4.5
for a more complete discussion of the approach); the
conservation hypotheses, in effect, are the synthesis,
the framework for recovery. The third and final part of
the Strategic Assessment, and the objectives toward
which the Plan is directed, is contained in the Necessary Future Conditions. The Necessary Future Conditions report (WRIA 9 and King County Department of
Natural Resources and Parks 2004) provides the
population and habitat objectives that, when attained,
should result in recovery of the WRIA 9 population to
viability. The report also contains more immediate
objectives for productivity and abundance that are

deemed critical to setting the population on an early
trajectory toward recovery. Table 5-1 contains a summary of the Necessary Future Conditions for the four
viability parameters of Green River Chinook. These are
essentially the VSP objectives that are required for the
population to achieve viability. Both short-term (10
years) and longer-term (50-100 years) objectives are
listed in the table. A more detailed discussion can be
found in Section 7 of the Strategic Assessment (King
County Department of Natural Resources and Parks et
al. 2004).
What emerges from the Strategic Assessment (2004) is
a picture of a watershed and its attendant population
that has been altered dramatically from its historical
condition. As for the VSP parameters, abundance has
declined significantly and hatchery origin fish make up
the preponderance of the population; productivity of
the population is slightly less than one, a signal of a
declining population; the location and number of
spawning aggregations (i.e. indicators of spatial
structure) have diminished substantially due to the
loss of access to the Upper Green River; and diversity
has diminished slightly, unless the possibility of an
early spawning life history trajectory (stream-type or

TABLE 5-1: Viable Salmonid Population Objectives
Short-Term Objective
(10 to 15 years)

Long-Term Objective
(50 to 100 years)

Abundance

Increase natural origin recruit (spawners to
1,000 to 4200 per year)

Equilibrium spawner numbers to 27,000

The number of distinct spawning
aggregations should rise as well.

Productivity

Increase the population growth rate for
natural origin recruits to 1.05 until the
critical threshold for abundance is passed

Population growth rate is 1.0 at the
equilibrium value of 27,000

The long-term growth trend for the
population is just below 1.0; productivity
has been noted as the most critical VSP
attribute at this time.

Spatial Structure

Increase the number of distinct spawning
aggregations in the Middle Green River
Subwatershed

Distinct spawning aggregations above the
Howard Hanson Dam

The increase in spatial structure below
the dam and recovery above the dam
will reduce the risk to the population and
might provide differential selective
regimes.

Diversity

Protect existing life history types; increase
variability in age structure

Re-establish an early spawning life history
type (spring) upstream of Howard Hanson
Dam; re-establish the historical run and
spawn timing for the fall population

There is uncertainty about an early life
history type in the Upper Green River
Subwatershed. Expansion of the fall type
to areas upstream of Howard Hanson
Dam may replace.

VSP Parameter

Notes
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spring Chinook) is taken into account. If this stream
type Chinook life history trajectory truly was present in
the Upper Green River, its extirpation represents a
significant reduction in the overall diversity of Green
River Chinook and an important loss of diversity to the
Puget Sound Evolutionarily Significant Unit (ESU). The
decline in productivity, especially of the juvenile life
stage, has been highlighted as the viable salmonid
population parameter most responsible for the current
status of the population.
Perhaps two historical changes with the most significant VSP implications are the ecological
discontinuities posed by the re-direction of the Cedar/
Black and White Rivers out of the watershed and the
construction of Howard Hanson Dam that separates
the present river into two distinct parts. The result has
been a significant change in all VSP parameters of
Chinook in the Green/Duwamish River system.
Diversity and spatial structure probably have been
altered the most. The implications for viability of the
current population in WRIA 9 are unknown. Even
accepting these changes as irreversible, the present
WRIA 9 watershed is a highly altered system; from the
dramatic change in the hydrologic regime, to the loss
of approximately 97% of estuarine habitat, to the
extensive levee and revetment system, the river
ecosystem is greatly diminished compared to its
historical condition. It is quite likely that at least some
of the former functions, and the processes that supported them, are irretrievable. The emphasis consequently rests on rehabilitating those characteristics of
the ecosystem that remain. This should become more
apparent as the strategies for the subwatersheds are
examined.

5.4 WATERSHED-WIDE HABITAT
MANAGEMENT STRATEGIES
Virtually all areas and habitats within the watershed
have been modified by human action to a greater or
lesser extent. Probably the most severe modifications
to habitat have taken place in the Duwamish Estuary
and Lower Green River Subwatersheds as tidal areas
and floodplains were reclaimed, shore and bank-lines
hardened, major tributaries were diverted, and the
river channelized for navigation and flood control.
The completion of Howard Hanson Dam altered the
flow regime for the Middle and Lower Green River and
prevented the upstream migration of anadromous
salmon into the river above Eagle Gorge (see the
Strategic Assessment [King County Department of
Natural Resources and Parks et al. 2004] for a complete
explanation of the changes in the WRIA 9). Very few
habitats or riparian areas remain in a fully functional
condition and those few that are mostly intact are
small and fragmented. In this watershed, the viability
of the population is threatened by multiple habitat
factors distributed throughout the life history pathway
of the population. In applying the strategies proposed
by the Puget Sound Technical Recovery Team, it
became clear that there is no single strategy that, if
applied, will result in habitat conditions sufficient to
sustain a viable population. There are, of course,
habitat areas that deserve protection and other areas
where the complete loss of habitat features would, to
sustain productivity or life histories, require a substitution of new features for old.
Given the degree of alteration and landscape change,
the Habitat Plan acknowledges that large areas of the
river ecosystem must be repaired for the population to
even approach viability. Protection of the remaining
functional habitat, while certainly necessary and
consistent with Puget Sound Technical Recovery Team
guidance, would be relatively ineffective if used alone.
Restoration likewise requires a high probability of
reversibility for both form and function and presupposes that basic processes such as hydrology, sediment
transport, or gene flow can be recovered to their predisturbance conditions. To do so requires a relationship between landscape and river ecosystem that
exists in only a few places in WRIA 9.
Consequently, the dominant strategy in this watershed
must be that of rehabilitation, especially to increase
(from a functional standpoint) the habitats available to
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Chinook. The emphasis on this strategy is supported
by a close reading of the conservation hypotheses for
the watershed and subwatersheds: a focus on improvement of water quality, riparian zones, and river features. In virtually all subwatersheds, rehabilitation of
the current conditions is required simply to stem the
on-going loss of viability caused by the interruption of
habitat-forming processes. An examination of the
actions proposed (in Chapter 7) also suggests the
primacy of rehabilitation since the actions tend to be
mainly structural and limited in their influence on the
rate, magnitude, frequency, and spatial arrangement of
dominant watershed processes.
Following rehabilitation in strategic importance are
protection measures intended to prevent further harm
to functional habitats. However, the fully functional
habitats found in WRIA 9 are rare and infrequent and
do not comprise the greater part of habitat types or
habitat area. An exception could be in the Upper Green
River and Marine Nearshore Subwatersheds where
some relatively undisturbed (or sufficiently recovered)
habitat and riparian areas occur.
Next in the strategic order is restoration (in the strict
sense of the term as defined by the National Research
Council and the Puget Sound Technical Recovery
Team). In the Upper Green River Subwatershed, where
most key processes are at least present, restoration will
be feasible. From the findings of the Strategic Assessment, it would seem that few other areas exist where
this management strategy could be applied
successfully.

Implications for Viability

and rearing habitat. The same strategy calls for improvements to water quality, riparian habitats, and
habitat structure throughout the river, and for shoreline rehabilitation in the nearshore environment. At
the very least, much of the riverine environment must
be re-structured to provide functional connections
between the marine environment and the less affected
habitats of the Middle and Upper Green River.
It is in the Middle Green River Subwatershed that a
strategy fundamental to salmon habitat conservation
is being recommended and where the multiple habitat
management strategies of the Plan converge. From the
melding of the work of NOAA Fisheries in the West
Coast Conservation Guidance with that of Benda et al.
(2004) in the Core Areas work (which provides a
framework for identifying critical habitat for salmon),
is derived the likely area for historical refugia for Green
River Chinook. In this meaning, a refugium is an area
of population persistence, an area of significant
habitat and population diversity, and an area from
which the population can send recruits to recolonize
adjacent habitats. Refugia are net producers of salmon
and are the centers or cores of population viability. The
rebuilding of such refugia is considered critical to longterm viability of the population. Such an area is
proposed for the entire Middle Green River
Subwatershed but it will require protection of the
remaining habitat forms and the extensive rehabilitation of areas now bordered by levees and revetments
and thus now abandoned by the flow-modified river. In
this instance, rehabilitation enlarges the protected
areas and brings the form to a spatial scale commensurate with the necessary function of refugia. In this
way, the spatial scale of the population is enhanced
and life history diversity may benefit.

The strategy of rehabilitation recognizes the limitations to viable salmonid population (VSP) parameters
that can be achieved through protection and restoration strategies, the two approaches that carry the least
risk to the population and the greatest probability for
success. Nevertheless, the attributes of a viable population (see Table 5-1) set out in the Necessary Future
Conditions objectives, require management actions
throughout the watershed, some of them in the most
highly disturbed areas. The Duwamish Estuary transition zone, so-called because it provides a salinity
gradient from fresh to marine waters that allows for
osmotic adjustment, is one such area and critical for
out-migrating juveniles. The rehabilitation of this area
will, it is hypothesized, increase productivity of the
population by providing more suitable transitioning
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5.5 SUBWATERSHED HABITAT
MANAGEMENT STRATEGIES
The habitat management strategies become clearer
when the scale of application moves into the
subwatersheds and down-scale into the segments.
Furthermore, the role of each subwatershed in
attaining a viable salmonid population in WRIA 9
becomes more coherent with the management
strategies, and the subsequent actions are more easily
understood at this scale.

Upper Green River Subwatershed
Except for the Howard Hanson Dam at its lower end,
the Upper Green River Subwatershed retains the basic
and fundamental physical and hydrological processes
required for habitat recovery. The rates and magnitudes of these basic processes have been altered —
some significantly — by land use and management,
the construction of a railroad and forest roads, and by
the barrier to upstream migration posed by the
Howard Hanson Dam. While these are not insignificant, at least the effects of land use (mainly forestry)
can be alleviated over time through more ecologicallybased forest management practices. The effects of
forest roads and of the railroad are local but severe in
riparian habitats and at the revetments constructed to
protect the road grades where they impinge on the
river. The barrier to upriver migration imposed by the
Tacoma Headworks diversion dam some three miles
below Howard Hanson Dam has prevented anadromous fish access to the Upper Green for over 90 years;
because of the inaccessibility beyond the diversion,
Howard Hanson Dam has no fishway to allow adult
migrants access to the Upper Green. For population
viability, the result has been catastrophic: an early life
history form of Chinook (stream-type) that probably
once inhabited the upper river has been extirpated, the
spatial structure of fall Chinook has been reduced to
the lower river only, and an extensive habitat area that
supported significant productivity was lost. The
Muckleshoot Indian Tribe has reclaimed some of that
productivity and spatial structure for juvenile fall
Chinook by releasing marked juveniles above the
Howard Hanson Dam each spring.

The viable salmonid population (VSP) objectives for
the Upper Green River Subwatershed are ambitious:
re-establish an early life history (spring) type in the
upper subwatershed; failing that, extend the current
range of the fall type into the Upper Green to increase
their spatial structure (there are five historical core
habitat areas in this subwatershed, found in Segments
9, 11, and 12, according to Benda et al. [2004])2 and
increase the productive capacity of the Upper Green
River Subwatershed for both adult and juvenile Chinook (in Segments 8, 9, 11, 12). Plans are already under
way to return fall Chinook adults to the Upper Green
River Subwatershed and discussions about the reestablishment of a spring-type continue.
Unlike the other subwatersheds, conditions in the
Upper Green are probably more amenable to restoration since much of the habitat change in the river is the
legacy of land use and management and the local
intrusion of the railroad and forest roads into riparian
habitats and the channel. As land use practices and
forest management have changed (under the umbrella
of the Tacoma Public Utilities Habitat Conservation
Plan and new forest practice rules), the degraded
conditions of the Upper Green River Subwatershed
landscape are expected to improve with time. Further
actions to repair and remove inappropriate roads
would also push improvement and recovery. This will,
of course, require some time but as landscape conditions improve, so will the basic processes of hydrology
and sediment supply and movement. With the removal
of these and other impediments to process, restoration
outcomes may be achieved by patiently allowing the
passive recovery of habitat function. Certainly this
could be abetted by actively forcing system responses
with active intervention. Both strategies are apparent
in the approach to the Upper Green River
Subwatershed.
In sum, the habitat management strategies for the
Upper Green River Subwatershed are:
• Rehabilitation in this subwatershed is focused
primarily on the recovery of landscape and
riparian conditions as precursors to habitat
recovery. Forest land recovery, road rehabilitation
and riparian habitat rehabilitation are considered
fundamental to sustainable habitat recovery. This
is particularly true for sediment source control
and transport where forest roads and past harvest

2. See Table 4-1 in Chapter 4 for the river mile equivalents of the assessment areas (“Segments”).
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the time of publication. If populations are to be reestablished in the Upper Green River
Subwatershed, successful operation of thes
facilities for adults and juveniles will be essential.
Tests of these facilities are planned for 2006 with
operation scheduled to begin in 2007.

Middle Green River Subwatershed

Restoration of streams through removal of failed or undersized culverts, as
shown here at Sweeney Creek, will improve fish passage. October 2003
photo courtesy of U.S. Army Corps of Engineers.
practices have increased the volumes and rates of
delivery of sediment to the river channel (Segments 8, 9, 11, and 12);
• Restoration of habitat processes is a follow-on
strategy (to landscape rehabilitation) when
conditions in the channel and riparian habitat
favor interventions to reset channel processes and
habitat forms. This strategy complements rehabilitation by focusing on particular processfunction relationships such as large woody debris
recruitment and riparian condition. Once basic
forcing processes such as sediment movement
approach more natural rates, the addition of large
woody debris, for example, will hasten the process
of habitat formation (Segments 9, 11, and12);
• Protection, even in this subwatershed, is focused
mainly on structural features of the habitat and
landscape—spawning areas, side channels, and
late seral timber stands (older forests). Significant
habitat elements remain in Segments 8, 9, 11, and
12 that should be protected from degradation by
land management activities. These areas can serve
as templates and guides for rehabilitation and
restoration, and as short-term refuges as the
system undergoes recovery; and
• Substitution is a minor habitat strategy in this
subwatershed but is important for providing ease
of access for Chinook migrants into and out of the
Upper Green River Subwatershed past the dams.
Upstream trap and haul fish passage facilities were
completed at the Tacoma Headworks in 2004.
Downstream fish passage facilities for juveniles at
Howard Hanson Dam are under construction at

The Middle Green River Subwatershed comprises four
segments extending from river miles 31.3 to 64.5
(although the subwatershed itself extends only to river
mile 32). The lower segment (4) flows through a wide
alluvial valley; the channel is gravel-bedded and
historically meandered and braided throughout the
lower gradient reaches producing considerable lateral
habitat diversity. That movement is now much restricted by levees and revetments at strategic bends in
the river. A dramatic exception is the riverbend complex near O’Grady Park that has moved laterally some
hundreds of feet in the last decade. The upstream
segment (5) flows through the Green River Gorge and
is much steeper than the lower reach and confined by
high canyon walls. Further upstream is a short boulder-dominated segment (6), followed by another short
segment (7) through Eagle Gorge. By all accounts, this
subwatershed contained the most diversity of habitats
and was the most heavily used for spawning by Chinook and other salmon species. Work done by Benda et
al. (2004) suggests that this subwatershed (especially
segment 4) contained the core habitat for the fall
Chinook population of the Green River and probably
acted as a refugium for the population. Present conditions show a marked decrease in channel habitat
diversity, in off channel (lateral) habitat diversity,
floodplain connectivity, riparian forest, and large
woody debris accumulations. The recovery of function
in this reach is deemed critical to achieving viability for
the Green River population. With this in mind, the reestablishment of habitat conditions sufficient to regain
the refugia function in Segment 4 (river miles 31 to 45)
is the main objective for this subwatershed.
The recovery of this subwatershed is critical for all
viable salmonid population (VSP) attributes; without
sufficient function here, population viability will be
difficult, if not impossible to achieve. Primary among
the VSP objectives for this area are diversity and
spatial structure, followed by productivity, especially
for the fry to out-migrant life stage. If the diversity of
life history trajectories (Figure 4-2) can be increased,

Page 5-9
Green/Duwamish and Central Puget Sound Watershed Salmon Habitat Plan—August 2005

Overall, the strategies provide for a distribution of
habitat types and functions that mirrors the historical
template in all but historical capacity. The capacity
objective is set at 65% of the historical habitat capacity
value. This means that, at any given time, at least 65%
of the historical habitat capacity must be fully functional to support viability. Together, the strategies
should create a marked difference in channel form and
function and provide considerably more diversity and
capacity in this subwatershed.
In sum, the habitat management strategies for the
Middle Green River Subwatershed are:
Gravel supplementation began in the Middle Green, shown here at
Kanaskat, with a pilot project in 2003. September 2003 photo.
and the spatial structure of spawning aggregations
and juvenile rearing areas expanded through
increases in habitat diversity and volume, then
productivity should show a commensurate increase
and abundance should rise due to the concomitant
increase in capacity (all other effects held constant).
The habitat management strategies in this
subwatershed, more than in any downstream, are
based on the recovery of underlying river, stream, and
riparian processes that support habitat function. It is
clear from the analyses and conservation hypotheses
that the altered flow regime is considered a major
influence on these processes and thus on the formation and persistence of habitat form and function. The
objective of the management strategies, therefore, is to
come as near to the historical template as possible for
habitat structure and function working within the
current flow regime template until that template can
be modified to more closely resemble the normative
flow regime. Until that occurs, the primary strategy for
this subwatershed remains rehabilitation. This is
closely followed by protection of those habitat areas
(channel and riparian) with the least anthropogenic
influence in order to prevent further influence. Restoration is limited to these same protected areas since
they afford the best opportunity for actually restoring
form and function; substitution is a minor habitat
strategy in this subwatershed but important to the
replacement of gravel volumes captured by Howard
Hanson Dam.

• Rehabilitation as the dominant strategy is centered on the recovery of hydrologic processes as a
primary way to create and maintain habitat
diversity and complexity, riparian structure, and
sediment transport and deposition processes.
There are no targets for hydrologic rehabilitation
although there are outcomes for habitat structure
and complexity (see the Necessary Future Conditions in Chapter 4 – Section 4.6). To this processbased rehabilitation is added the direct rehabilitation of particular habitat types and riparian
structure throughout the subwatershed, particularly in Segment 4. The strategy provides for a
distribution of habitat types that mirrors the
historical template and should achieve the necessary capacity to support viability;
• Protection and restoration are secondary but
necessary strategies to pursue in this
subwatershed. There are significant areas of the
river and its floodplain where the influence of land
use and flood management is minimal. While
these areas could not be considered undisturbed,
they represent the best remaining habitats and
afford the best opportunities for restoration,
provided they are protected from further encroachment. Some areas are already in public
ownership and provide immediate opportunities.
Restoration should be employed to expand the
functions of the protected areas; and
• Substitution, while a minor strategy in most
respects, is critical for replacing the volumes of
gravel once delivered to the lower river from the
reaches upstream of Howard Hanson Dam. In
concert with the rehabilitation of large woody
debris, the augmentation of gravel will greatly
influence channel form and function throughout
the Middle Green River Subwatershed.
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Lower Green River Subwatershed
Chapter 4 – Section 4.5 summarizes conditions in the
Lower Green River noting that channelization over the
last century has resulted in substantial losses in the
quantity and quality of mainstem spawning, winter
and summer rearing, and adult holding habitat (i.e.
large, channel-wide pools). Riparian habitats have
been lost to roads, levees, and various encroaching
land uses. The result for viable salmonid population
parameters has been a reduction in productivity and
spatial structure as habitat elements that supported
spawning aggregations and juvenile aggregations have
been lost. If the historical habitat conditions are an
indication, this subwatershed once provided extensive
areas for juvenile rearing and growth. In particular, off
channel sloughs and backwaters presented large areas
for flood refuge and summer feeding. By extension, the
extent and diversity of the once-common off channel
habitats in this subwatershed may have supported a
greater diversity of life-history trajectories than occurs
today. The recovery of these viable salmonid population (VSP) attributes is keyed to the achievement of a
set of hypothesized necessary future conditions that
would require extensive rehabilitation and restoration
of habitats. The VSP objectives for this subwatershed
reflect the goal of increasing population productivity
watershed-wide. Along with the estuary and nearshore,
the Lower Green River is a critical juvenile growth area.
The habitat management strategies reflect the intent to
recover those habitats that are most associated with
juvenile productivity and meet the targets set in the
hypothesized necessary future conditions for this
subwatershed. These habitats include mainstem
channel pools, side channels, ponds and wetlands, and
shallow water channel edge.
Given the extent of channel and floodplain modification and the intensive development of the surrounding
landscape, there is little opportunity for habitat
protection at the scales and magnitudes necessary to
influence viable salmonid population parameters.
Protection will be an important secondary strategy but
will be limited to relatively small areas that are now
somewhat disconnected from the processes that
support them. The opportunities for restoration are as
limited as the protection options so, once again,
rehabilitation is the dominant strategy throughout this
subwatershed. In the more intensively developed and
constrained areas of the subwatershed, such as the
lowermost urban and suburban areas, substitution of
habitat types is likely to be the main strategy employed.

Levee setbacks, such as the Pipeline project at river mile 22 by the Green
River Flood Control Zone District, are rehabilitation projects that improve
riparian vegetation and create benches inundated by floods. March 2004
photo.
In sum, the habitat management strategies for the
Lower Green River Subwatershed are:
• Rehabilitation remains the main strategy in this
subwatershed. The objectives of this strategy are:
large pool structure in the mainstem river,
reconnection of existing but disconnected side
channels and sloughs, shallow, bank-edge habitats
along the river margin, riparian habitats, and
areas suitable for flood inundation;
• Substitution objectives are floodplain wetlands,
side channels, and floodplain ponds. These
habitats will have to be recreated from semideveloped areas of the existing floodplain and will
require designs for specific functions;
• Protection objectives are limited to locations
where habitats and channel forms have been the
least affected by land use and channel manipulations. This, in essence, protects marginally functional habitats that are scattered throughout the
watershed. To achieve greater function, these
habitats will require some intervention; and
• Restoration options are probably the most severely
limited of any strategy in this subwatershed.
Especially for the river system, the spatial scale
necessary for restoration of the segment function
is unavailable. More local restoration, provided a
logical “unit” for this strategy can be found, is
possible only in very few places, and will likely be
restoration of form only (closer to the definition of
rehabilitation).
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Duwamish Estuary Subwatershed
Of all the subwatersheds, the estuary of the Duwamish
River has undergone the greatest change in habitat
capacity, diversity, and productivity when compared to
its historical condition. This has almost certainly
affected productivity, diversity, and, to a lesser degree,
abundance of the Green River Chinook population
(although the magnitude of these changes is uncertain). The decrease in productivity, assessed as the
viable salmonid population (VSP) parameter most
linked to the decrease in population viability in the
Green River, can be closely associated with the loss of
estuarine capacity and productivity; some of this effect
can be seen in the estuarine transition zone. It is also
likely that a juvenile life history trajectory — that of
estuarine-reared fry (Figure 4-2) — has been lost
completely from this subwatershed. One of the objectives of the habitat management strategies in this

subwatershed is to increase the capacity and productivity of the estuary in order to increase juvenile
productivity (and thus population productivity and
abundance). If the capacity can be increased (to
approximately 30% of the historical capacity) this may
also create the opportunity for the expression of the
(presumed) lost life history type. A second objective is
the increase in habitat diversity within the
subwatershed. The strategic objective of greater
habitat diversity will afford both spatial and temporal
separation for juveniles entering the estuary and
should effectively expand both productivity and spatial
structure of the juvenile population. There is strong
evidence from terrestrial ecosystems that more diversity yields higher productivity; furthermore, greater
habitat diversity potentially provides for spatial
separation of the juveniles using the estuary and may
enhance survival based on reduced competition for
space and food (carrying capacity). A possible outcome of increased capacity and diversity is the production of a greater number of life history trajectories in
the juvenile population. Whether an increase in the
habitat capacity to a third of the historical capacity is
enough to elicit this life history response should be the
subject of research and monitoring.
More than in any other subwatershed, substitution is a
likely and viable strategy in the Duwamish Estuary.
Historical development of the estuary has reduced the
area and locations available to recreate the habitats
lost. Moreover, the fundamental processes associated
with estuarine habitats have been grossly altered and
are, for all practical purposes, irretrievable. Thus, to
achieve the objectives, new habitats will have to be cut
from the whole cloth of the developed landscape and
these habitats will not completely resemble the historical forms. There are few options for restoration, fewer
for protection; rehabilitation and substitution will, of
necessity, form the strategies for estuarine recovery.
However, the uncertainty of achieving the VSP attributes is high and the work of sustaining these
habitats will fall to human intervention and not to
natural processes.
In sum, the habitat management strategies for the
Duwamish Estuary Subwatershed are:

The Herring’s House Park off-channel habitat created by the City of Seattle
is an example of the type of habitat substitution possible in the Duwamish.
December 2003 photo.

• Rehabilitation and substitution are the dominant
strategies in the estuary. The extent of alteration
and the disconnection between landscape processes and habitat formation, even from tidal
processes, has probably caused an irretrievable
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alteration in the rates and magnitudes—and
locations—of most historical estuarine functions.
Without the fundamental supporting functions in
place, VSP parameter attributes are unlikely to
improve. These functions will have to be replicated through rehabilitating the remnants of
habitats that remain, and through the creation of
new habitats to substitute for old; and
• Protection and restoration are secondary strategies
in this area. Few opportunities exist for the protection of complete functional areas together with
their attendant processes and the habitats tend to
be small remnants or have been, themselves,
created or rehabilitated. Because of the same
landscape constraints, restoration is also a limited
option in this area. Virtually no areas remain that
possess the requisite attributes for a restoration
strategy to be effective.

Protect
sediment
sources

Preserving native trees
and shrubs keep erosion
rates at natural levels.
Bluff
sediment Overhanging trees
keep the beach
healthy for prey fish
that salmon eat.

Bluff erosion is
natural. Bulkheads
starve beaches of
sediment and damage
beach ecology.
Salmon and other marine
creatures suffer.

Bulkheads
Cut off
sediment

Eroding
beach
Salmon habitat

The choice of strategies is largely dictated by the
constraints on both effectiveness and opportunity in
this subwatershed. Although there should be an
optimistic view of the possibilities for recovery, the
initial strategies must be premised on both the degree
of historical change and the constraints to future
change, at least in the short-term. For the life of this
Plan, the recovery of VSP objectives in this portion of
the watershed lies in the ability to undo much of the
damage accumulated over the past 100 years.

can provide pulses of nutrients that can increase
salmon productivity, such areas were more common
along the shoreline of WRIA 9 system than they are
today. The overall capacity of the nearshore environment has apparently declined due to particular habitat
losses and the gaps between the now-productive areas
have tended to increase. Juvenile salmon, feeding
constantly as they move along the shoreline, require a
continuity of productive habitat areas as they make
their way to the open ocean. In this case, the spatial
structure of habitat is critical to improving the productivity of the overall marine nearshore.

Marine Nearshore Subwatershed

In sum, the habitat management strategies for the
Marine Nearshore Subwatershed are:

The marine nearshore plays a significant role in the life
history of Chinook salmon. Out-migrating juveniles
tend to hug the nearshore environment, feeding in the
shallows prior to their off-shore movements when they
have attained a suitable size. They are widely distributed along the shoreline, occupying a variety of
habitats over broad areas. This dispersal tends to
reduce the risk associated with catastrophic events
such as oil spills, for example. The risk would be much
higher if the fish were concentrated in only a few
discrete habitats. In terms of viable salmonid population (VSP) objectives, the management strategies of
the nearshore environments of WRIA 9 are organized
around protecting and rehabilitating habitats that
support juvenile productivity and protecting and
recovering a broad distribution of habitats that support the spatial structure of juveniles. These are not
separate objectives. Although the recovery of particular
habitats - such as salt marshes and pocket estuaries -

• The rehabilitation of currently degraded shoreline
habitats is paramount. The emphasis in this
strategy is on the formative processes of erosion,
sediment transport, and deposition along the
shoreline. The strategy recognizes that a variety of
constraints are in place that does not permit full
restoration in most shoreline areas of the mainland. A second rehabilitation objective is an
increase in specific habitat types, particularly of
salt marshes, stream deltas (pocket estuaries), and
eelgrass beds. A third objective is the rehabilitation of riparian zones along the shorelines to
provide leaf litter, insect fall, and large woody
debris to the nearshore zone;
• Protection, although a secondary strategy, is the
primary strategy in those areas where substantial
habitat areas remain intact. A good part of the
Vashon/Maury Island shoreline meets this crite-
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Rehabilitation of the nearshore was the focus of removing a failing sea wall (bulkhead) at Burien’s Seahurst Park in 2004-2005. “Before” photo on left;
“after” photo on right. Photos courtesy City of Burien.

rion along with some smaller habitat remnants on
the mainland nearshore;
• Restoration is the third strategy and probably the
most useful along portions of the Vashon/Maury
Island shoreline where only structural (not land
use) impediments to the recovery of habitat
processes occur. Shoreline sediment transport and
storage, for example, can be influenced by the
placement of woody debris, potentially modifying
the beach slope and grain size of the sediment to
recover a lost function. In these areas, restoration
can be useful to enlarge already-functioning areas
and increase the capacity of the shoreline for
juvenile rearing. Although the Vashon/Maury
shoreline presents opportunities for significant
restoration, few of these areas remain along the
built shoreline of the mainland and restoration is
not a primary strategy in these areas; and
• Substitution may be a viable strategy in the most
built-up areas of the nearshore environment.
Opportunities for restoration and rehabilitation
tend to be scarce along the developed shoreline
but smaller, more dispersed areas to create habitat
pockets may be found.
This order recognizes that a functional marine
nearshore environment, sufficient in capacity, diversity, and productivity will necessarily integrate rehabilitation, protection, substitution, and restoration
strategies. The absence of any one strategy will probably reduce the success of the remaining strategies to
support the VSP objectives. Although there is greater
uncertainty in the rehabilitation approach, there are
no credible alternatives in so altered an environment.

5.6 HABITAT MANAGEMENT STRATEGIES
AND VIABILITY
In WRIA 9, with its history of development and management, reaching the viable salmonid population
(VSP) objectives requires a substantial improvement in
the long-term performance of the ecosystem. From a
watershed-wide perspective, this increase in performance in WRIA 9 will necessarily be accomplished
through the somewhat imperfect (from an ecosystem
standpoint) vehicle of rehabilitation. A strategy of
rehabilitation is not as certain as one grounded in
protection or even in restoration but it is the only
strategy available to the WRIA 9 system. This choice is
not made for the sake of expediency but rather because much of the landscape that affects habitat
structure and function in all subwatersheds has been
irretrievably altered. Only in the Upper Green River
Subwatershed, and to some lesser degree on the
shorelines of Vashon/Maury Island, have many of the
basic processes been retained (although they too have
been greatly altered). The “space” required for ecosystem protection or restoration is unavailable in most of
this watershed but sufficient attributes remain that a
concerted effort to reset the functional performance of
the watershed could be successful. The system will be
less than it was — without the White and the Cedar/
Black, flow through the Duwamish has been reduced
by some 70 percent — but the habitat objectives seek
to rebuild a river system in balance with that fact. What
that portends for viability is unknown. The portions of
the river that were the core of Chinook populations,
the Middle and Upper Green River Subwatersheds, still
retain important elements of habitat and landscape
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that supported — and still support — the population.
These areas will be required to bear the viability
burden in the recovered river, as well.
Three elements in the habitat strategies are critical to
achieving viability:
• The reconnection of the Upper Green River
Subwatershed to the rest of the watershed to
increase abundance, productivity, and spatial
structure is paramount. This will provide considerable resiliency to the population as habitat
capacity and habitat diversity increase. Catastrophic risks to the population should decline as
the population re-establishes in the Upper Green
River. Population diversity stands to benefit
significantly with access to the upper watershed
by the current population and even more if an
early life history (spring) type can be established
upriver of Howard Hanson Dam;

5.7 RECOMMENDED POLICIES TO DEFINE
AND UPHOLD SCIENTIFIC GOALS AND
PRIORITIES IN THE WATERSHED
The following policies provide guidance for the implementation of the habitat management strategies
discussed in this chapter. In particular, these policies
address the viable salmonid population (VSP) guidance provided by the Puget Sound Technical Recovery
Team discussed earlier in this chapter. Key to implementing this guidance is productivity of juvenile
Chinook as a short-term (10 year) goal. The long term
(50 to 100 years) goal for the watershed is to increase
spatial structure and diversity.

• The rehabilitation of habitat conditions in the
Upper and Middle Green River Subwatersheds will
provide refugia from normal environmental
variation and assure the persistence of the population even if satellite areas lose sub-groups (these
refugia will be critical during drought cycles); and
• The increase in the capacity of the Duwamish
estuarine transition zone will address one of the
primary issues for productivity in the lower river.
Taken together, the successful attainment of these
three goals should increase significantly the
probability that Green River Chinook will achieve the
viability targets set forth in this Habitat Plan.
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Policy MS1:
Discussion:
The purpose of Policy MS1 is to provide guidance on where to focus initial efforts to recover Chinook in
WRIA 9.
Primary Habitat Limiting Factors:
The primary habitat limiting factors responsible for the poor population viability characteristics, particularly
productivity and spatial structure, in this watershed, as reflected in high priority conservation
hypotheses, are:
• Transition Zone Habitat in the Duwamish River Estuary;
• Rearing Habitat in the Middle Green River, Lower Green River, Duwamish River, and Marine Nearshore;
and
• Spawning Habitat in the Middle Green River and upper Lower Green River.
Top Tier Watershed-Wide Priority Actions and Priority Geographic Areas:
Actions to address transition, rearing, and spawning habitat in the specific areas listed for each are the top
tier of priority actions and geographic areas (see Table 8-2 in Chapter 8 for summary of priority actions). The
actions of this Plan within these areas have the highest estimated potential to improve productivity in the
short-term and spatial structure and diversity in the long-term, which are the express watershed-wide goals
of this Plan.
Policy MS1 does not address the Upper Green River Subwatershed because this Plan is deferring, over the
next 10 years, to the actions being taken by Tacoma Public Utilities and the U.S. Army Corps of Engineers to
improve habitat conditions in the Upper Green River Subwatershed and remove upstream and downstream
fish barriers at the dams. The Upper Green River Subwatershed, however, is the single most significant
opportunity to recover spatial structure in WRIA 9. Over the long term, the Upper Green River may provide
an opportunity to re-establish a spring Chinook life history type. There is also, over time, a possibility of
reserving the Upper Green River Subwatershed for a segregated naturally spawning Chinook population free
of hatchery origin recruits.
Policy:
The focus of management action implementation efforts in this habitat plan will be on the following distinct
habitats that are limiting viable salmonid populations in WRIA 9:
• Duwamish Estuary transition zone habitat;
• Middle Green River, Lower Green River, Duwamish Estuary, Marine Nearshore rearing habitat; and
• Middle Green and upper Lower Green River spawning habitat.
Because of the importance of the transition zone and the negative effect on habitat recovery efforts upstream if a severe transition zone habitat limitation does exist, 40% of funding for management action
recovery efforts will be focused on the transition zone. The remaining 60% of funding for management
action recovery efforts will be split 30% for the rearing habitats and 30% for the spawning habitats as described above. This allocation of funding would apply over the first 10 year period of the Habitat Plan (i.e.
annual funding allocations could vary from this distribution) and would be subject to change as part of
adaptive management.
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Policy MS2:
Discussion:
The purpose of Policy MS2 is to establish a goal for instream recovery projects. The policy is directed toward
improving habitat quality in streams that feed the main stem WRIA 9 River.
Policy:
The following “Target for Good Habitat Quality” for instream habitat conditions contained in Table 5-2 should
be considered for all lowland, forested streams in WRIA 9 with a bankfull width less than ~32 feet and a slope
of less than 5 %. At a minimum, it should be the goal to improve streams with currently poor habitat quality
to fair quality and those with fair quality to good quality for each of the instream habitat parameters listed.

TABLE 5-2: Target for Good Habitat Quality
Instream Habitat
Parameter

Salmonid LifePhase Influenced

Indication of Poor
Habitat Quality

Target for Fair
Habitat Quality

Target For Good
Habitat Quality

% Pool Habitat
(Surface Area)

Rearing

<30%

30-50%

>50%

Pool Frequency
(Bankfull Width-Spacing)

Rearing

>4/Bankfull Widths

2-4/Bankfull Widths

<2/Bankfull Widths

Large Woody Debris Frequency
(Bankfull Width-Spacing)

Rearing

<1/ Bankfull Widths

1-2/ Bankfull Widths

>2/ Bankfull Widths

% Key Large Woody Debris

Rearing

<20%

20-40%

Pool Cover (%)

Rearing

<25%

25-50%

>50%

Intergravel Dissolved Oxygen /
Dissolved Oxygen Interchange (%)

Rearing

<60%

60-80%

>80%

Pebble-Count D10 (inches)

Spawning and Incubating

<.11 inches

.11-.43 inches

>.43 inches

Fine Sediment (%<0.03 inches)

Spawning and Incubating

>20%

15-20%

<15%

>40%
(Diameter <1.64 feet)

Source: May 1996, p. 199
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Policies MS3 and MS4:
Discussion:
The purpose of Policies MS3 and MS4 is to address the VSP objectives proposed by the Puget Sound
Technical Recovery Team. The WRIA 9 Strategic Assessment (2004), Section 7.4.6 establishes the necessary
future habitat and salmon population conditions to support a viable population of Chinook salmon. These
conditions cannot be achieved without appropriate land use designations and appurtenant protective
measures. Land use actions in WRIA 9 can mostly influence productivity, diversity, and spatial structure.
Strategic Assessment sections 7.4.5 and 7.4.5 (King County Department of Natural Resources and Parks et
al. 2004) provide valuable context for Policies MS3 and MS4 and should be referred to for additional
information.
MS3 Policy:
Spatial structure goals shall be achieved through land use by:
• Protecting functioning habitat in the Upper and Middle Green River and the Nearshore of Vashon/
Maury Island;
• Assessing, designating and protecting five areas of spawning structure above Howard Hanson Dam and
,Tacoma Headworks as Special District Overlays with appurtenant regulations to protect and restore
these areas for re-occupation by both spawning and rearing Chinook;
• Attaining at least 65% of historical habitat patches for occupancy by spawning and rearing Chinook in
river miles 32 to 45.1 and river miles 57.6 to 64.4 in the mainstem Green River;
• Protecting the riparian zones of Soos and Newaukum Creeks as spawning and rearing areas for the
mainstem Green River in case of detrimental human and natural events; and
• Protecting, restoring, and rehabilitating high and moderate quality habitat in the Upper and Middle
Green River mainstem, the Duwamish Estuary, and the marine nearshore.
MS4 Policy:
Diversity and Productivity targets shall be achieved by recovering and protecting historical habitat types
and patches and some proportion of their quantity in all sub-watersheds of WRIA 9 as provided in Section
7.4.6 of the Strategic Assessment (2004).
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6.1 INTRODUCTION
The ecological economics foundation for the Habitat
Plan for the Green/Duwamish and Central Puget
Sound Watershed (Water Resource Inventory Area 9
[WRIA 9]) is based on the fact that improvements in
habitat conditions for Chinook salmon and other
salmonids also restore a large basket of associated
ecosystem services which are of significant financial
value. These services include natural stormwater
regulation, flood protection, drinking water production, recreational opportunities, aesthetic value, waste
treatment, and a wide variety of other identified highly
valuable ecological services. Thus, achieving the
Habitat Plan goals and objectives (Chapter 4 – Section
4.3) both secures salmonid viability and contributes to
economic prosperity and security for present and
future generations. Salmon habitat actions enhance
and restore economically productive natural capital
providing services such as flood protection at least
cost. The alternative is to replace self-maintaining
ecosystems with capital-intensive infrastructure, such
as flood control or stormwater facilities funded by
taxpayers and which require ongoing maintenance. A
healthy, efficient local economy depends on healthy
ecosystems and the services they provide.
This chapter summarizes the relevant components of a
study conducted for WRIA 9 titled Ecosystem Services
Enhanced by Salmon Habitat Conservation in the
Green/Duwamish and Central Puget Sound Watershed
(Asia-Pacific Environmental Exchange 2005). The
approach, guiding principles, and results of this work
were reviewed, commented upon, and accepted by the
Steering Committee.
The Seattle-based Asia-Pacific Environmental Exchange (since re-named Earth Economics), with the
University of Vermont Gund Institute for Ecological
Economics, worked with the WRIA 9 Watershed
Coordination Services Team to estimate the value of
ecosystem goods and services produced within the
Green/Duwamish and Central Puget Sound Watershed.
The consultant team also developed and analyzed case
studies for two habitat restoration projects.
The ecological economics analysis included two parts:
an overview of ecological services and benefits within
WRIA 9 and an analysis of the enhancement of these
services through restoration/rehabilitation actions.
The first analysis included the identification of valuable ecological services produced within WRIA 9 and

an estimate of high and low ranges in the dollar value
of these ecosystem services in WRIA 9. As will be
described later, these estimates probably understate
the dollar value of ecosystem services. The second
portion of the analysis examines the link between
habitat conditions in WRIA 9, conservation hypotheses, and the enhanced value of ecological services.
Specific habitat actions, the expected improvement in
habitat conditions, and the dollar value of associated
ecological services enhanced by the habitat actions are
estimated in the second portion of the analysis.
This work was based on the conservation hypotheses
and hypothesized necessary future conditions summarized in Chapter 4, Scientific Foundation, and the
proposed actions (Chapter 7).

6.2 GUIDING PRINCIPLES
FOR THE ECOLOGICAL
ECONOMICS ANALYSIS
The guiding principles included the following:
• The framework and methodology for identifying
and valuing ecosystem services (Daily, (Ed.)1997,
and Boumans et al. 2004); and
• The conservation hypotheses, habitat information, and other socio-economic data specific to
WRIA 9.

Ecosystem Services Valuation Framework and
Methodology
The framework and methodology for conducting
ecosystem service valuation have been widely discussed in the academic literature. In brief, taking the
lowest and highest dollar value range per acre for each
vegetation type (coniferous forest, woody wetland,
etc.) established in the academic literature and multiplying it by the acreage provides rough low and high
dollar estimates for the value of ecological services
provided by an ecosystem.
More specifically, using Geographic Information
System (GIS) data for WRIA 9, the acreages of forest,
grass and shrublands, agriculture and pasturelands,
wetlands, urban areas, lakes, ponds, rivers and
streams, and ice and rock were multiplied by the
estimated production per acre for each identified
ecosystem services. Peer reviewed journal articles were
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reviewed for each GIS classification and the values
associated with each of 23 ecological services. The high
and low values for each ecosystem type and ecological
service were selected to provide the high and low range
estimates. A benefit transfer methodology was applied
to the GIS data to calculate a range of dollar values of
ecosystem services provided annually within WRIA 9.
This method is inexpensive. Though the range is large,
indicating a lack of precision, the methodology does
provide a broad picture of the value provided by the
full range of ecosystems within WRIA 9. It also permits
an examination of how habitat improvements for
salmonids will reduce flood risk, produce higher water
quality, and increase recreation among other services
and thus contribute to the additional enhancement of
economic value within WRIA 9.

6.3 VALUATION OF WRIA 9
ECOSYSTEM SERVICES
Habitat Plan actions to restore viable salmonid populations also will preserve and restore 23 categories of
ecosystem goods and services identified in the Green/
Duwamish and Central Puget Sound Watershed.
Healthy ecosystems produce goods and services for
free and in perpetuity. They are essential to maintaining a healthy economy and livable communities within
WRIA 9. Ecosystem goods and services enhanced by
Habitat Plan actions include:
• Flood protection;
• Natural stormwater maintenance;
• Drinking water production and filtration;

The ecosystem valuation techniques developed within
environmental and natural resource economics are
widely accepted by the economics profession and in
U.S. courts of law. All of the reference papers and
valuation studies for the WRIA 9 study were peer
reviewed and published in academic journals. A
majority of the valuation techniques used in studies
referenced in the study involve direct market pricing,
replacement and avoided costs, and travel costs. In a
few cases, contingent valuation figures are used.

• Reduction of pathogens and pollutants;
• Waste absorption;
• Storm protection;
• Biodiversity preservation;
• Nutrient regulation;
• Increased production of fish, shellfish, timber, and
other food and raw materials;
• Nursery and refugia services;
• Erosion control;
• Biodiversity;

Conservation Hypotheses and Scientific
Information

• Aesthetic value (beauty); and

The ecological economics analysis was based on the
conservation hypotheses and habitat information
developed for the WRIA 9 Habitat Plan. WRIA 9 Watershed Coordination Services Team selected the specific
case studies to be examined. The conservation hypotheses and expected future conditions resulting from
implementation of specific actions formed the basis
for the ecological economics analysis and were directly
drawn from the specific habitat actions proposed.
The Habitat Plan goals and objectives established by
the Steering Committee were also adopted as guiding
principles of the study (Chapter 4 - Section 4.3).

• Recreational opportunities for fishing, hunting,
boating, hiking, bird watching, and educational
and scientific benefits.
The ecological economics analysis for the Habitat Plan
is the first full valuation of the benefits provided by
ecosystems within WRIA 9.
The ecological economics study gives a more complete
picture of the results of implementing the Plan recommendations. People will receive many other benefits in
addition to ensuring the viability of Chinook salmon,
bull trout, and other salmonids. The purpose of
valuing ecosystem services is to assist decision makers
in recognizing all costs and benefits associated with
alternative actions. The ecosystem infrastructure is a
capital asset, and decisions about ecosystem services
impact the maintenance of ecosystem infrastructure.
Without valuing ecological services, vast amounts of
benefits and the systems that produce them may be
overlooked. This may result in significant losses and
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real financial costs born by taxpayers, governments,
businesses, individuals, and communities over time.
Often, economic analysis has omitted ecological goods
and services, giving them an implicit value of zero. In
turn, this error can lead to sub-optimal, if not very
costly, outcomes in terms of land use patterns, infrastructure expenses, private property damage, or public
safety hazards.

which includes the addition of chlorine or the use of
ozone or ultraviolet light to disinfect water supplies.)
Because upland watershed ecosystems provide water
filtration for free, these municipally-protected watersheds save local ratepayers money every time they turn
on the tap.
The quality, quantity, reliability, and exact mix of goods
and services provided by ecosystems within watersheds are highly dependent on the particular structure
and health of those ecosystems. This is one of the most
critical issues to understand about the production of
goods and services by ecosystems within watersheds.
Degraded ecosystems require initial restoration
investments to reestablish viability and ecosystem
service production. Healthy, intact ecosystems are selforganizing and provide valuable ecological goods and
services on an ongoing basis (“in perpetuity”) at no
cost to humans. This is very different than all forms of
human-produced goods and services (cars, houses,
energy, telecommunications, etc.), which have ongoing
maintenance and end-of-life disposal costs. The
delivery of ecosystem goods and services depends on
the maintenance of a specific arrangement of ecosystem components that constitute a particular “structure.” For example, the steel, glass, plastic, rubber, and
gasoline that comprise a car must retain a very particular structure in order to provide the service of
transportation. If the same car were simply a pile of
constituent materials, it could not provide the service
of transportation, though all the necessary parts are
present. Healthy ecosystems require no “assembly” to
produce goods and services, cutting out the costs of
human-made capital and maintenance costs. Restoring ecosystems does, however, require initial investments.

The Green River, shown here at river mile 47, is popular with boaters. May
2001 photo.
For example, New York City, confronted with declining
drinking water quality, invested $1.5 billion in watershed restoration. While an enormous sum, this investment avoided the construction of a filtration plant that
had a capital cost of $6 billion – four times greater —
plus annual maintenance costs. This analogy is fitting:
New York City, Seattle, and Tacoma are among the few
cities in the U.S. that do not have to filter their municipal water because they own and/or manage their
watersheds. (Filtration is different from treatment,

Until the extensive development associated with
European settlement, the natural capital, goods, and
services produced by ecosystems within WRIA 9,
including wild salmon, were abundant and selfmaintaining. They were so abundant and productive,
in fact, that “natural capital” was simply taken for
granted. Wild (natural origin) salmon are more than an
indicator species. Salmon are a valuable economic
asset in and of themselves. At one time, it was only a
shortage of boats and nets that limited the catch of
“unlimited” wild salmon. Today boats, nets, and
fishing lures are abundant and a shortage of natural
capital — wild salmon — is the limiting factor.
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Healthy ecosystems, healthy economies, and healthy
communities are all necessary to maintain and raise
the high quality of life that citizens within WRIA 9
enjoy. As ecosystems are degraded, quality of life is
degraded and citizens pay significant socio-economic
costs. For example, either property owners suffer
greater losses from increased flooding and other
damage or cities and counties must replace previously
free ecosystem services with increasingly expensive
engineered solutions. Increased expenses from lost
ecosystem services include increased water filtration
costs, stormwater management, flood control, endangered species restoration, landslide damage, and other
problems resulting from a degraded environment.
Ecosystems are the most economically efficient
production systems for many critical public goods and
services. For example, healthy riparian areas filter
drinking water, move the vast majority of stormwater,
recharge aquifers, and replenish surface waters at no
cost. Replacing these services with engineered solutions requires costly capital projects such as levees,
stormwater systems, and water filtration facilities.

Dollar Value Of WRIA 9
Ecosystem Goods and Services
The ecological economics study shows that WRIA 9
ecosystems produce $1.7-6.3 billion of value in goods
and services every year for individuals, businesses, and
governments within WRIA 9. These values are underestimates because not all services have been valued.

Flood protection and biodiversity are an ecological
service and good, respectively, that are not diminished
by an increasing number of persons benefiting from
them.
Table 6-1 provides dollar estimates for the acreages of
land cover within WRIA 9.

Net Present Value of Ecosystem Services in
WRIA 9
This continuous annual flow of benefits is worth a
great deal. Economists calculate the total value of a
flow of annual benefits to people today as the net
present value. This is a measure in today’s dollar value
of this year’s benefits plus today’s estimated dollar
value of the future “discounted” benefits. This calculation of net present value is widely used both business
and government. Future benefits are “discounted” to
reflect the view that most people value a dollar that will
be received a year from now as worth less than one
received today (because today’s dollar can either be
spent now’– providing immediate satisfaction – or
saved, earning interest). Using the U.S. Army Corps of
Engineers standard 3.5% discount rate, the net present
value of WRIA 9 ecosystems is worth $48-180 billion.
Improving the health of WRIA 9 ecosystems would
increase this value and reduce public and private
expenditures necessary to replace degraded ecosystem
services.

Value Produced Over a 100 Year Period
If ecological goods and services were like other goods
and services (food, housing, transportation), each of
the 630,000 persons in WRIA 9 (2004 estimate) would
receive on average ecological goods and services worth
$2,700-10,000 every year. However, the average value
per person in WRIA 9 is in fact much larger because
many ecological services are “non-consumable.”
Averaging value assumes that the value each person
receives is like a piece of a pie – if one person eats the
piece of pie, no one else can eat it. Some ecosystem
goods and services are not consumed, however.
Although the estimate of aesthetic value may be based
on how much people actually pay for view property, in
fact there is far more aesthetic value provided than the
sum of differential view property prices paid, divided
by the population. One person viewing the Green River
from a public area and gaining aesthetic benefits does
not preclude anyone else from enjoying the same view.

Unlike human-produced capital investments, healthy
ecosystems do not depreciate or require maintenance
costs. Once healthy, they are self-maintaining. Thus, a
restored watershed provides filtered water indefinitely
for future generations, whereas a filtration plant
requires capital expenditures, maintenance, and
eventually depreciates requiring further capital expenditures. This difference in the nature of humanproduced versus natural capital justifies treating the
economic benefits of ecosystem restoration differently
than traditional capital expenditures. Using a zero
discount rate (rather than a 3.5% discount rate) over
100 years offers another view on value: the value to
people today of today’s flow of benefits and the value
to someone in the future of that future flow of benefits.
With a zero discount rate over 100 years, the value of
WRIA 9 ecosystem services is $171-637 billion. A zero
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TABLE 6-1. WRIA 9 Total Ecosystem Goods and Service Value Estimates ($ per year)
Ecosystem Category

Low Value

Forest

High Value

$1,295,829,783

$4,775,863,101

322,366,481

1,237,833,147

Agriculture and Pasture

6,405,977

23,135,736

Urban

7,208,896

38,084,051

Lakes, Rivers, Ponds and Reservoirs

4,200,049

26,156,494

Wetland

25,367,121

89,705,403

Coastal

5,472,559

29,444,372

24,599,206

84,280,699

$1,691,450,072

$6,304,503,003

Grasslands and Shrub Lands

Rock
Total Values

discount rate assumes that the value of a glass of clean
water to a person today is equal to the value of a glass
of clean water to a person a year from now or to
another person in 100 years. Ideally, far more than 100
years of benefits will be garnered and thus this value
still represents only a small slice of the potential value
that healthy WRIA 9 ecosystems can produce for future
generations.

Value in the Short Run and the Long Run
In the short run, ecosystems provide critical and highly
valuable services. In the long run, they are even more
valuable. Human-built capital, such as a car, requires
maintenance and depreciates over time. After providing valuable service a car becomes garbage or recycling. The great-grandchildren of current generations
will likely obtain little use from the cars now being
driven. However, they will unquestionably benefit from
the drinking water, flood protection, salmon, and
recreation provided by healthy ecosystems. Ecosystem
services are rising in value (increasing in scarcity and
economic importance) relative to built capital. Preserved and restored ecosystems are self-maintaining
and produce value into perpetuity.

Clean water is critical for human enjoyment of the marine nearshore,
shown here at Redondo Beach in Des Moines. July 2003 photo.
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Difficulties In Dollar Valuation And Service
Identification

Value Ranges are Underestimates

Although easily identified as valuable, many ecological
services are difficult to value in dollars. For example,
dollar values can be established for water filtration
services provided by a forest, whereas it is very difficult
to fully capture the dollar value of aesthetic pleasure
that humans gain from looking at the forest, nor every
aspect of the forest’s role in supporting the intricate
web of life. Part of aesthetic value can be captured by
measuring the difference in property values where
people have “view” property or live next to healthy
ecosystems compared to properties that do not
provide these aesthetic benefits. In this case, streamside property owners pay a measurable premium price
for aesthetic value. However, many others benefit from
this aesthetic amenity without having to pay for it and
thereby provide a transaction that can be measured.
Similarly, the cultural value of salmon — especially for
Indian people — obviously exists and is significant.
However, a dollar valuation of non-market “cultural
value” is difficult to estimate. Finally, many valuable
ecological services may not be identified yet. For
example, the full importance of the stratospheric
ozone layer was not known until the 1970s, while
chemicals that harmed it had been produced since the
1930s. There may yet be significant ecological benefits
from healthy WRIA 9 ecosystems that are unidentified.

Healthy watershed ecosystems incur less
damaging flooding. February 1996 photo.

The dollar estimates of the value produced by natural
systems are inherently underestimates. Not all benefits
identifiable are valued or fully valued, as explained
above. In some cases, there are few valuation studies
for particular goods or services and some are outdated.
In recent decades, the values of ecosystem services
have risen faster than inflation. In addition, these are
renewable goods and services where most of the value
is held in the future. For these reasons, the high and
low estimates in value are underestimates of the true
range in value of ecosystem services. Ecological service
valuations are not intended to capture all value but
rather to serve as markers somewhere below the
minimum value of the true social, ecological, and
economic value of an ecological service.

Return on Investments in Salmon Habitat
Protection and Restoration
This analysis demonstrates the tremendous value that
accrues to people in WRIA 9 from existing ecosystem
goods and services. The money spent to protect and
restore salmonid habitat is an investment that pays
many financial dividends. Dollars spent for salmon
restoration also buy benefits in flood protection,
stormwater management, recreation, and other
services with clear dollar values. This information can
improve the economic efficiency of the conventional
economy.
WRIA 9 ecosystems have always provided vast
amounts of value at zero or low cost. This changed
once these ecosystems began to be degraded and it
became necessary to replace some of these ecosystem
services with human built infrastructure. This value,
though previously unaccounted for, lays a foundation
for a healthy economy within WRIA 9. Without clean
water, air, flood protection, natural stormwater maintenance, etc., the conventional economy could not
function as efficiently. Investing in the restoration of
this natural capital improves the economic efficiency
of the conventional economy. Individuals and businesses will spend less on taxes, utility fees, or damage
repair if healthy ecosystems within WRIA 9 can provide
significant services for free. This perspective may result
in the determination that ecosystem maintenance is in
fact a “least cost” approach to providing many crucial
services, such as flood protection. Ecosystem restoration avoids significant infrastructure capital and
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quantity and quality of watershed ecosystems.
Investments in ecosystems are often superior to
traditional capital investment because they
provide a higher rate of return, do not depreciate,
and the returns involve far less uncertainty.
Investments in ecosystem health yield large
benefits in the near and distant future.

operations and maintenance costs and provides
benefits through self-maintaining ecosystems. Salmon
habitat restoration is a least cost investment that
meets several objectives:
• Achieves the requirements of the Endangered
Species Act by restoring viable salmonid populations. Doing so should reduce the likelihood of
federal regulations and provide certainty to
businesses, local governments, and individual
citizens. This greater certainty will improve the
environment for private and public investment.
(The extent to which the Puget Sound Salmon
Recovery Plan will meet the requirements of the
Endangered Species Act is yet to be determined.
NOAA Fisheries will make this determination and
may decide whether to provide assurances that
Habitat Plan partners will be protected from thirdparty lawsuits. See Chapter 8 for further discussion on assurances.);
• Maintains the value of the existing stream of
goods and services that flow from the land and
water ecosystems of the watershed in their present
condition. From this perspective, the costs of
protecting and restoring ecosystems are similar to
the regularly-scheduled maintenance and periodic repair of an automobile. Prudent owners
undertake these costs (which are avoidable in the
short term) to maintain the long-term reliability
and use of their vehicle and avoid catastrophic
and expensive failures (e.g., engine failure due to
lack of regular oil changes). While illuminating,
however, this analogy nonetheless understates the
value of ecosystem goods and services over time.
Unlike an automobile, which almost always
depreciates even with regular care, maintenance
of current ecosystem health would result in an
increase in value over time as the human population of the watershed increases, driving up demand for the same basket of goods and services;
• Avoids the necessity of further replacements of
human capital for natural capital (e.g., the construction and operation of flood prevention
levees, stormwater management systems, etc. to
replace natural “water management systems” of
mature forests, highly porous soils, wetlands,
streams, and rivers). Ecosystem maintenance can
thus be viewed as a least cost means of obtaining a
vital set of economic goods and services within
WRIA 9; and
• Enhances the value of the ecosystem goods and
services by creating net improvements in the

It was beyond the scope of the study to demonstrate
the full dollar value of all ecosystem services associated strictly with salmon restoration actions. However,
it is clear that supporting salmonids will increase the
annual value of ecosystem goods and services produced within the watershed and could significantly
reduce other infrastructure costs. Failure to protect
and restore salmonid habitat would incur significant
ecosystem service losses and require larger investments to meet endangered species requirements
should additional salmonids be listed under the
Endangered Species Act.
Further ecological economic analysis to examine the
benefits and avoided costs associated with salmonid
habitat improvements would be helpful.

6.4 ANALYSIS OF HABITAT
PLAN ACTIONS: TWO CASE STUDIES
Two case studies were examined based on the conservation hypotheses and specific habitat protection/
restoration/rehabilitation projects recommended.
Depending on the action, some subset of associated
ecological services would be affected by these salmonid habitat recovery actions.
The WRIA 9 conservation hypotheses identify the
habitat conditions that are important or critical for
salmon recovery based on best available science. To
establish the ecosystem services enhanced by specific
projects, two habitat projects were examined with
respect to each of the 23 identified ecological services.
Each measure associated with a project will enhance,
reduce, or have no effect on each ecological service.
For example, one measure identified in the North
Wind’s Weir project (see below) is increasing vegetated
shallow water and marsh habitats and intertidal zone
access. This specific habitat measure improves 15
ecological services including water filtration, waste
treatment, and refugium services. Minimizing impervious surfaces improves six identified ecological services. With the latest science as a basis and providing
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information on the area and habitat type changes
expected, economic methods can be used to estimate
the change in economic value. The valuation of
ecological services enhanced was further complemented with other economic analyses including
examining potential loss of investments and other
methods.

Case Study 1: North Wind’s Weir Shallow Water
Habitat Rehabilitation Analysis

North Wind’s Weir, looking downstream at low tide. Project site is to right.
July 2000 photo.
In coastal river systems, the confluence between fresh
water flowing downstream and salt water pushed
inland by the tides creates an estuarine transition
zone. Transition zone wetlands and off- channel areas
are a critical ecosystem in the life history of salmonids,
especially Chinook salmon. Transition zone habitat is
where juvenile salmonids adapt from fresh to salt
water.
Sufficient habitat space, shelter, and food must be
available in the transition zone for salmon to linger,
osmoregulate (physically change to adapt to salt
water), and grow to survive for salt water conditions.
Due to habitat improvements upstream, increasing
numbers of juvenile salmon may survive the fresh
water journey downstream only to find inadequate
habitat in the transition zone.
In the Duwamish Estuary Subwatershed, the transition
zone has been significantly altered for human use,
leading to considerable losses in critical transition
zone salmon habitat. (See Chapter 4, Scientific Foundation, for additional description of current Duwamish
transition zone habitat and the factors that have
decreased, degraded, and shifted its location. Figure 41 shows the location of the known transition zone.)

Fresh water flowing into the Duwamish Estuary has
been reduced by 70% owing to the diversion of the
White and Cedar/Black Rivers. With reduced fresh
water flow and channel dredging, salt water has
intruded, effectively pushing the transition zone
upstream from its historical location. The establishment of heavy industrial uses in the transition zone
has replaced riverine-tidal, estuarine, and palustrine
wetlands with impervious surfaces. The original
stream edge has been replaced by levees, revetments,
and other armoring, turning slow-moving edge habitat
into unrestrained downstream flows. In addition, the
Duwamish estuary riparian vegetation is of low habitat
quality and has been mostly replaced by non-native
weeds such as Himalayan blackberry. With these
changes, transition zone habitat has been degraded
and confined. Spatial structure, residence time, and
the habitat available for refugia and rearing functions
in the Duwamish estuary have therefore been reduced
and constrained (WRIA 9 and King County Department of Natural Resources and Parks 2004). High
densities of fish have been observed utilizing what is
left of this specific habitat.
Current conditions in the transition zone suggest it is a
critical threshold point. Overall increases in salmonid
survival rates in the watershed are dependent on the
availability of sufficient transition zone habitat to
accommodate fish while they adjust from fresh to salt
water. Under the present conditions of greatly reduced
transition habitat, the benefits of increased salmon
productivity upstream may be lost in the transition
zone. Viewed alternatively, improvements in the
quality and quantity of transition zone habitat will
ensure that investments in spawning and rearing
habitat upstream (and rearing habitat in the marine
nearshore) are realized in terms of improvements to
the viable salmonid population parameters of abundance, productivity, diversity, and spatial structure.
The Shallow Water Habitat Creation at North Wind’s
Weir at River Mile 6.3 (Chapter 7 – Section 7.4, Project
Duw-10), located in the Duwamish estuary transition
zone, is one project that will address the need to
expand transitional zone habitat. By excavating
shallow water habitat on two acres and adding emergent and upland native vegetation, the project will
increase off channel wetlands and sloughs and instream shallow and slow water habitat in the transition
zone. This restoration will enhance the quantity and
quality of habitat in the transition zone, ameliorating
some problems described above. The expected com-
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bined acquisition and construction costs for this
project total $3.8 million.

conditions identified in the Habitat Plan. Given a
constrained budget and the scientific knowledge
of habitat functions, current constraints, and
desired future conditions, where should scarce
public dollars be allocated to create the greatest
benefit for salmonid restoration? This approach
also assumes that relieving the most constraining
limiting habitat factors on salmonid populations
will provide the highest initial returns. Assuming
for analytical purposes a budget of $100 million
over the next decade for salmon restoration in
WRIA 9, an expenditure of over $19 million for the
recovery of the first two acres of transition zone
would be justified. This is far higher than the
actual cost of the project. It also indicates that the
restoration/rehabilitation of at least several
additional acres is justified. (The North Wind’s
Weir project is one of several projects to improve
transition zone habitat; an additional 30 acres of
transition zone habitat creation is proposed
[projects Duw-7 and Duw-11].) This analysis
needs further refinement but holds promise as a
tool to assist decision making. As noted in Chapter 5 – Section 5.7, improvements to transition
zone habitat are given greater emphasis (40% of
overall funding over the first 10 years of the Plan)
than improvements to rearing (30%) and spawning (30%) habitats.

Though economic methods are based on marginal
analyses and not well suited for measuring a threshold
for extinction, four different approaches to valuing the
expansion of transition zone habitat were applied and
are summarized below. These analyses justify significant expenditures on actions to reclaim transition
zone habitat:
• Expenditures for salmon protection and restoration within WRIA 9 to date are in the tens of
millions of dollars. Total expenditures over the
next 10 years could be $272-389 million if all
projects were implemented (the cost of the
highest priority projects is expected to be $198 to
$291 million). The value of these investments
could be lost or markedly diminished without
securing sufficient transition zone habitat for the
increased numbers of juvenile salmonids produced upstream;
• Scientific analysis suggests that continued salmonid declines are likely without improvements to
transition zone habitat to boost productivity. As a
result, if increased transition zone habitat is not
created now, the federal government may require
the creation of transition zone habitat at a future
date as it responds to the Endangered Species Act.
If salmonid populations decline further in the
meantime, it may require a larger restoration of
transition zone habitat to restore viable salmonid
populations;
• Ecosystem services also would be enhanced with
increased transition zone habitat. The valuation of
a subset of ecosystem service values produced by
the North Wind’s Weir project provides a net
present value for the project of $384,000 to $1.4
million (using a 3.5% discount rate). A zero
discount rate (giving equal value to the goods and
service benefits enjoyed by future generations)
provides values of $1.35-23.72 million in net value
for the project, depending on the time horizon
considered. This partial analysis does not account
for the value of securing a viable Chinook population, which has both intrinsic benefits (having the
fish) as well as benefits in terms of legal certainty;
and

Overall, these four analyses underestimate the value of
salmon habitat restoration associated with the North
Wind’s Weir project because the transition zone is
critical natural capital, improvements here are unavoidable in achieving viable salmonid populations,
and the lack of transition zone habitat is placing
natural origin estuarine-dependent salmonids such as
Chinook in threat of extinction. Natural origin Chinook
face a state of crisis in ecological terms. Values under
crisis conditions rise rapidly. This subtlety is not
captured in traditional economic analysis, which is
based on marginal changes and marginal values.
Meeting the goals of this Plan should protect and
restore enough of the critical natural capital in each
critical habitat type to eliminate this state of crisis.

• The fourth economic methodology applied to the
North Wind’s Weir project was experimental and
is based on assumptions about allocating a
limited budget to produce the desired future
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Case Study 2: Armoring in the Marine
Nearshore Analysis

stretch of Puget Sound shoreline has also been heavily
impacted by filling, bulkheads, riprap, vegetation
clearing, and other modifications.

The marine nearshore is critical to salmonids. It
provides habitat for juvenile salmon as they leave the
Green/Duwamish River and enter the oceanic phase of
their lives. Nearshore ecosystems where terrestrial and
aquatic ecosystems meet (to a depth where light
penetrates) are tremendously productive. In general,
they are the most biologically productive ecosystems
(in terms of annual biomass production) on a per acre
basis in the world. They provide food and materials,
oxygen, waste treatment, storm protection, recreation,
high aesthetic and recreation value, and many other
services. Globally, coastal ecosystems were estimated
to provide over $12.5 trillion in benefits in 1997
(Costanza et. al. 1997).
Despite the great amount of value identified, there are
still a large number of benefits the nearshore provides
that are clearly valuable but have not yet been valued.
Thus, any benefit transfer valuation of nearshore
ecosystem services is necessarily significantly below
the true value. Peer-reviewed valuation studies representing 25 ecosystem services associated with particular land forms and habitats in the nearshore have been
conducted. However, there are over 150 other identified ecosystem service/habitat/landform associations
for which no valuation studies exist. The value of
ecosystem services produced in the nearshore is high
and consequently any benefit transfer valuation of
nearshore ecosystem services is necessarily significantly below the true value.
Another critical factor in this analysis is the lack of
understanding of the dynamic oceanographic and
biological processes that relate structure, function,
process, and value in the nearshore.
WRIA 9 conservation hypotheses in the nearshore, as
throughout WRIA 9, support the strengthening of
healthy ecosystem processes and resulting habitat
features. This produces a corresponding rise in the
value of enhanced ecosystem goods and services. With
these considerations, the ecological economics study
authors identified ecosystem services of two conservation hypotheses associated with the restoration of the
nearshore environment.
WRIA 9 has a diverse range of marine nearshore
landscape and habitat features: from mud flats to
bluffs to beaches and from grass to kelp and other
submerged aquatic vegetation. On the other hand, this

Several programmatic and project actions in Chapter 7
would contribute to the removal of shoreline armoring.
These actions would have two primary effects:
• Restoration of erosion and sedimentation processes that create habitat; and
• Restoration of estuarine floodplains, salt marshes,
mudflats, deltas, spits, and brackish side channels.
Table 6-2 shows the ecosystem services enhanced by
the restoration of sediment processes and creation of
floodplains, marshes, flats, estuaries and deltas, spits,
and side channels. The double star indicates a great
increase in value.
To provide an example of the interaction between the
disruption of coastal processes and critical salmon
habitat, a regression model was run examining the
quantity of submerged aquatic vegetation and shoreline disturbance due to boat access and shoreline
armoring. (Regression models are statistical tools that
measure the change in one variable with changes in
other variables.) An initial and partial estimate of the
total value of ecosystem services provided by submerged aquatic vegetation alone shows that armoring,
docks, and boat launches have contributed to the loss
of $44 million annually in Puget Sound. The marine
nearshore of WRIA 9 is one of the most heavily armored and developed areas along Puget Sound and
accounts for a large portion of Puget Sound-wide
losses. Removal of armoring also supports two salmon
conservation hypotheses that would increase the
quantity and value of ecological services provided.
Depending on the site, oceanographic effects on
sediment transport, submerged aquatic vegetation,
and other dynamics, these salmon restoration actions
in the nearshore would likely produce high economic
benefits.
This analysis gives an idea of the value of a relatively
small subset of ecological services in the nearshore, yet
many landscape and ecosystem services have not been
considered and are not included in this analysis.
Because barriers such as riprap, bulkheads and fill
disrupt or change natural wave action and sediment
transport, they have an influence far beyond the
immediate area affected. Eelgrass beds naturally shift
as sediments shift. However, if sediment supply is cut
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TABLE 6-2: Ecosystem Services Enhanced By Habitat Restoration Measures in the Nearshore

Ecosystem Service Enhanced

Restore Sediment Processes

Creation of estuarine floodplains,
salt marshes, mudflats, deltas, spits,
and brackish side channels

Gas regulation

*

Disturbance prevention

*

*

Nutrient regulation

*

Waste treatment

*

Refugium function

**

**

Nursery function

**

**

Food

*

*

Ornamental resources

*

*

Aesthetic

**

**

Recreation

**

**

Cultural and artistic information

*

*

Spiritual and historic information

*

*

Science and education

*

*

*

**

Increase in Value

Great Increase in Value

off (e.g., by a bulkhead) or severely disrupted in
movement by a barrier (e.g., a jetty), there may be great
cumulative effects and the losses of ecosystem services. Alternatively, the benefits from restoration may
be several magnitudes larger than estimated within a
static analysis.
To fully understand the value of these ecosystem
services requires a dynamic analysis beyond the scope
of this analysis. This would provide a much clearer
understanding of the full ecosystem service effects of
disrupting coastal processes and restoring them.

WRIA 9 includes 90 miles of marine shoreline, shown here off Normandy
Park. May 2003 photo.
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other capital replacing natural processes should be
reduced with greater ecosystem restoration and health.
Because many ecological services are produced at the
watershed level, WRIA 9 is the right scale for managing
these watershed-related services.

6.5 NECESSARY FUTURE CHINOOK
SALMON POPULATION CONDITIONS
AND ECONOMIC EFFICIENCY GAINS
WITHIN WRIA 9
The hypothesized necessary future conditions for
viable salmonid populations (Chapter 4 – Section 4.5)
can enhance economic efficiency within WRIA 9. The
WRIA 9 ecological economics analysis demonstrates
the vast amount of value provided by the WRIA 9
watershed to its citizens ($1.7-6.3 billion annually with
a net present value of $48-180 billion). Salmonid
habitat restoration also protects and enhances a full
basket of 23 valuable ecosystem services.
The provision of watershed-related services including
stormwater management, public drinking water, flood
protection, recreation, and other benefits, or the
replacement of these watershed services with built
infrastructure has been split among a variety of general
and special-purpose governments. This diffusion of
costs has hidden the true impact of the degradation of
ecosystem goods and services. Greater cooperation
between these governments across WRIA 9 could both
further enhance salmonid recovery and reduce the
costs of flood damage, stormwater management, and
other services. This would increase the overall economic efficiency of providing watershed-related
services.
WRIA 9 presently provides a formal venue for cooperation between King County, 15 cities, and Tacoma
Public Utilities and it provides an informal opportunity
for exchange of information and coordination with a
larger group of entities including the King Conservation District, Port of Seattle, Boeing, and citizen
restoration groups. As this coordination is strengthened and efficiencies identified, its members can
reduce the overall cost burden of salmon habitat
protection and restoration and watershed ecosystem
maintenance. Each of the Habitat Plan goals, objectives, policies, and actions are associated with the
health of the watershed. The health of the watershed
also influences potential costs or benefits in other
areas where local governments, businesses, and other
institutions experience either costs or benefits. If the
watershed continues to be degraded, citizens, businesses, and governments must either pay more to
replace lost ecosystem services, or suffer economic
damage from greater flood damage or stormwater
pollution. The costs to various governments to build
levees, water filtration plants, stormwater systems, and

6.6 RESULTS AND CONCLUSION
The implementation of WRIA 9 Habitat Plan policies
and actions will enhance and increase the value of
ecosystem goods and services provided in the watershed. The most significant goods and services are flood
protection, natural stormwater management, drinking
water production and filtration, reduction of pathogens and pollutants, waste absorption, storm protection, biodiversity preservation, nutrient regulation,
increased production of fish, shellfish, and other food
and raw materials, erosion control, aesthetic value,
and recreational fishing, hunting, boating, hiking, bird
watching, and educational and scientific benefits.
WRIA 9 investments in ecosystem protection and
restoration (natural capital) will enhance a great
number of highly valuable goods and services. These
ecosystem services are rising in value (increasing in
scarcity and economic importance) relative to built
capital. Preserved and restored ecosystems are selfmaintaining and produce value into perpetuity.
The alternative to habitat protection/restoration is
further degradation of natural capital in WRIA 9.
Watershed citizens will then have to choose between
one of two options:
• Replacing lost ecosystem services with engineered
solutions (e.g., flood control facilities, increased
stormwater infrastructure) that require large
capital investments and maintenance; or
• Forgoing the lost services and suffering an increasing risk of damage (e.g., from flooding),
which requires reconstruction costs and higher
insurance costs.
A partial estimate of the value of ecosystem goods and
services within WRIA 9 is $1.7-6.3 billion annually with
a net present value of $48-180 billion over 100 years at
a 3.5% discount rate. The $1.7-6.3 billion figure yields
annual benefits per capita of $2,700-10,000. However,
this figure captures only the value to today’s generations. People living in 2100 will value clean water
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produced in 2100 much more highly than today’s
people value clean water in 2100 because today’s
people probably will not be alive in 100 years. Using no
discount rate, the value is $171-637 billion over 100
years. The value to future generations beyond 100 years
in the future is far greater.
As markers of social capital, the population, educational level, employment levels and distribution of
labor between sectors were examined. The WRIA 9
planning process and initial protection/restoration
projects have brought governments, communities and
individuals together, strengthening this social capital.
Markers of built capital examined include roads,
buildings, industries and businesses, and other property. The total value of taxed property within WRIA 9 is
$71.5 billion. Of this, $43.9 billion consists of improvements on property (built capital) and $27.6 billion of
land value (social and natural capital). It has taken
about 150 years to accumulate the $43.9 billion of taxed
built capital stock in WRIA 9.
The costs of restoration and benefits of habitat improvements are not necessarily born equally by everyone within the watershed. Equity issues are increasingly important considerations in salmon protection
and restoration. While an analysis of equity issues was
beyond the scope of the ecological economics study,
decision makers are encouraged to consider patterns of
costs and benefits as the recommendations of the
Habitat Plan are implemented.
The Shallow Water Habitat Creation at North Wind’s
Weir at River Mile 6.3 project was evaluated with four
methodologies and found to be economically justified
based on the protection of current and future investments; the risk of future Endangered Species Act
requirements for transition zone acquisition; the
(underestimated) value of ecosystem services provided
by the North Wind’s Weir project ($384,000 to $23.7
million, depending on the discount rate and time
horizon); and the analysis of expenditure priorities
based on a limited budget ($19 million in expenditures
on the transition zone were justified). The Duwamish
transition zone meets the criterion of critical ecological
capital in crisis. No current marginal valuation methodology alone can gauge the value of critical natural
capital at a threshold of nearly total loss. A policy
objective throughout WRIA 9 should be to keep all
ecosystems healthy enough to remain outside crisis
status.

Removal of armoring in the marine nearshore will
increase the quantity, quality, and total value of habitat
in the nearshore ecosystem. Valuation studies for some
ecosystem service/habitat/landform associations for
the nearshore exist, but over 160 nearshore systems
identified as valuable are lacking peer-reviewed
valuation studies. Despite this, the value of ecosystem
services produced per acre in the nearshore is believed
to be among the highest of any ecosystem type.
Habitat Plan measures related to removal of armoring
were examined and the ecosystem services enhanced
identified. Some land cover types produce over
$140,000/year/hectare considering two categories of
ecological services. A regression analysis of armoring,
boat launches, and docks in relation to submerged
aquatic vegetation shows that one foot of armoring
reduces submerged aquatic vegetation coverage/
hectare by .003 percent, based on Puget Sound coastal
Geographic Information System data. Submerged
aquatic vegetation is valued at producing $46,950/acre
(1997 dollars). Consequently, armoring results in losses
of $29.75/foot, which means a loss of over $43.9
million annually across Puget Sound from the loss of
submerged aquatic vegetation ecosystem services
alone. The costs of armoring for perhaps one hundred
other services/habitat/landform associations are as yet
unmeasured.
The bottom line is that the greatest socio-economic
implication of salmon habitat recovery is securing
healthy ecosystems, which provide vast public and
private benefits. Understanding the value that flows to
the people of the watershed from healthy ecosystems
provides important context for making decisions about
where and when to make investments in salmon
habitat and how to share those costs. This analysis
shows that making expenditures on habitat in areas
where costs are high are justified in terms of the high
value of ecosystem goods and services produced in
areas where those services are scarce (e.g., the
Duwamish Estuary transition habitat). Implementation of the WRIA 9 Habitat Plan will enhance the
economy and quality of life for citizens in WRIA 9 by
enhancing natural capital and the stream of ecosystem
goods and services generated by that capital. All three
forms of capital — natural capital, human-built
capital, and social capital — must be healthy to
maintain a healthy economy and high quality of life.
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7.1 INTRODUCTION
The actions and policies presented in this chapter
define what it will take to begin to restore Chinook
salmon and ecosystem health in the Green/Duwamish
and Central Puget Sound Watershed (WRIA 9) and to
begin to meet the population targets recommended in
Chapter 4, Scientific Foundation.
Actions in this chapter include both programs and
projects. Projects are on-the-ground efforts to protect,
restore, rehabilitate, or substitute habitat or the
processes that create habitat. Projects can be divided
into two types:
• Protection efforts that rely on acquisition, incentives, stewardship, or other tools to preserve the
existing habitat value; and
• Restoration, rehabilitation, or substitution efforts
that seek to improve the habitat value of degraded
habitat. These may involve earthmoving both in
and out of the channel, removal of noxious weeds,
planting of native vegetation, and placement of
large woody debris.
This chapter also includes policies specific to each
subwatershed that provide support for the actions and
guidance for the development of future projects.
(Watershed-wide policies are listed in Chapter 3.)
Chapters 4 and 5 described the scientific “logic train”
(Figure 4-3) for development of projects and programs
presented in the following pages. The habitat management strategies described in Chapter 5, in particular,
provide the connection between the viable salmonid
population (VSP) objectives, conservation hypotheses,
and the projects recommended in this chapter. The
Ecological Synthesis Approach, also described in
Chapter 4 (Section 4.5), is the basis for that “logic
train.”
This Habitat Plan acknowledges the need to increase
the certainty that the recommended actions in this
chapter will be effective. Monitoring and adaptive
management (described in Chapter 9) are key tools for
increasing certainty and constitute the testing of
understanding required under the Ecological Synthesis
approach. Another key component to achieving
certainty is the ability to refine recommended actions
and consider new projects and programs as political,
ecological, and funding conditions change.

A hallmark of the Water Resource Inventory Area 9
(WRIA 9) habitat planning process is that it has established and adopted two project evaluation screens –
one for science and one for feasibility — that can be
used to evaluate future projects. This is an important
consideration in implementation of the Habitat Plan.
The actions in this chapter passed through one or both
of these screens as part of the development of this
Plan. As knowledge of the watershed and salmon
recovery science increases and as funding priorities
change, the Plan must be flexible enough to consider
new actions and reconsider previously evaluated
actions. Establishing the criteria and methodology for
evaluating the ecological benefit and feasibility of
proposed projects is therefore an essential tool for Plan
implementation and adaptive management.

7.2 METHODOLOGY FOR
SELECTING PROJECTS AND PROGRAMS
Technical/Scientific Evaluation of Projects
In November 2004, the WRIA 9 Steering Committee
directed Watershed Coordination Services staff to
establish a Science Panel that would develop a process
and review proposed projects for technical merit. (The
detailed results of the Science Panel evaluations are
contained in Prioritization of Potential WRIA 9 Habitat
Projects (Anchor Environmental and Grette Associates
2005a and 2005b)). Previously, draft habitat projects
were developed by ad hoc committees, with each
focusing on one of the WRIA 9 subwatersheds: Upper
Green River, Middle Green River, Lower Green River,
Duwamish Estuary, and Marine Nearshore. The
Science Panel charter included an open invitation to
all members of the WRIA 9 Technical Committee, as
well as technical staff from local governments.
The first priority of the Science Panel was to develop
and refine a suite of criteria that captured key technical
considerations that would distinguish among habitat
projects and identify high priority projects that were,
on a technical basis, expected to make the greatest
contribution to salmon conservation. A starting point
for developing these criteria was to consider the same
criteria developed and used by the WRIA 9 Technical
Committee for prioritizing the Strategic Assessment
conservation hypotheses. Through an iterative process
of applying the criteria to sample projects and refining
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the criteria, approximately 200 potential habitat
projects were prioritized within the WRIA 9
subwatersheds.

mately to the adoption of Policy MS1 (Chapter 5 Section 5.7) by the Steering Committee to address
watershed-wide priorities.

As ranking of each individual project proceeded, it
became apparent that there were several types of
projects included in the WRIA 9 broad definition of
“habitat projects” that were uncertain in outcome;
therefore, ranking them would be equally uncertain.
Consequently, these were not rated by the Science
Panel. Other types of projects, such as habitat protection, and in particular land acquisitions that did not
have any associated restoration activity (i.e. those
proposed for protection only), presented a different
problem, but were likewise not amenable to rating
within the project criteria. Land protection needed to
be evaluated on what would be lost if not protected
rather than what would be gained if restored. Accordingly, an alternative approach was developed based on
characteristics of the individual parcels proposed for
protection. Of the various tools available for habitat
protection, acquisition of the habitat is both commonly used and has a high level of predictability of
results (i.e. placing the land in public ownership will
preclude development or other actions that would
harm habitat). Consequently, the Science Panel
assumed the use of this tool for protection projects. (It
is likely that protection of high value habitats will be
carried out using a mix of acquisition, conservation
easements, tax incentives, transfer of development
rights, education, and other innovative approaches
that meet the needs of landowners and stretch scarce
public dollars.) One evaluation approach was developed for marine nearshore acquisitions and one was
developed for fresh water riverine acquisitions.

Because of the much lower predictability of habitat
results associated with programs (as opposed to
projects), the technical screen described above was not
applied to programs.

Finally, as the process of rating and ranking individual
projects on a subwatershed-by-subwatershed basis
proceeded, it became clear that the rankings were
most appropriately reviewed in the context of the
subwatersheds and not across the entire WRIA 9
watershed. However, recognizing this limitation did
not lessen the need for a way to inform decisions
about priorities among subwatersheds. After considerable discussion, the Science Panel developed a contingency approach based on alternative models of
population structure and based on the consideration
of habitat limiting factors.1 This approach led ulti-

Feasibility and Effectiveness Evaluation of
Projects and Programs
In addition to the Science Panel project evaluations,
the WRIA 9 Steering Committee authorized Watershed
Coordination Services staff to evaluate projects and
programs for their political and socioeconomic feasibility. This evaluation served as a secondary screen
focused on community values and a “reality check” for
those actions that may be scientifically sound but
impractical or unwise from a political, social, or
economic perspective. Applying this screen to potential projects and programs would help:
• Prioritize the most feasible/effective projects and
programs;
• Identify those actions that have problems and
correct those problems; and
• Identify actions that are fatally flawed.
In November and December 2004, the Steering Committee approved a set of 11 feasibility and effectiveness
criteria. The feasibility and effectiveness screening
criteria fell into three broad categories:
1) Determining Serious Flaws;
2) Prioritizing Projects/Programs; and
3) Other
A complete description of the feasibility and effectiveness criteria is found in Appendix H.
In January and June 2005, in accordance with the
direction of the Steering Committee, Watershed
Coordination Services staff reviewed draft projects and
programs using these criteria. The approach used by
Watershed Coordination Services staff was similar to
that used by the WRIA 9 Technical Committee to

1. This is described in more detail in the watershed-wide guidance section and Table 10 in: Prioritization of Potential WRIA 9 Habitat
Projects (Anchor Environmental and Grette Associates 2005a) and in Prioritizing Potential WRIA 9 Watershed-Wide Habitat Actions:
Identification of Limiting Habitat and Recommendations Regarding their Priority (Anchor Environmental 2005).
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prioritize conservation hypotheses and by the Science
Panel to prioritize on-the-ground, non-programmatic
projects. Unlike the Science Panel evaluations, the
feasibility and effectiveness evaluations did not result
in a numerical ranking. Instead, the goal was to
determine whether a project would be included in the
project list for the Habitat Plan.
Each project or program was screened individually
without consideration of combined or cumulative
impacts. Generally, if a project or program had serious
flaws it was eliminated from inclusion in the Plan. This
typically required at least two negative responses to
criteria within the serious flaws category. However, a
professional judgment was ultimately arrived at for
each project or program, and in some cases a project
with two or more serious flaws may still have been
included in the Plan because of its overall importance
to the watershed and an assumption that the serious
flaws could be reduced or overcome. The prioritizing
projects/program category allowed for an evaluation of
timing and cost considerations. The “other” category
addressed coordination and support considerations.

7.3 WRIA 9 WATERSHED-WIDE PROGRAMS
There are a variety of programs that can occur across
the watershed that would contribute to the recovery of
ecosystem health. The 17 WRIA-wide actions listed
here are programmatic in nature and range from
public education and stewardship to incentives to
regulations and regulatory enforcement.
These programs are intended to complement the onthe-ground habitat restoration and protection
projects. Many programs will both improve habitat
conditions and increase awareness, understanding,
and support for a healthier watershed.
Because of their similarities, the first nine programmatic actions are education/stewardship programs
that were evaluated as a group using the feasibility and
effectiveness criteria discussed previously.

Of a total of 167 actions evaluated using the feasibility
and effectiveness screen, 162 were included in the
Plan. Of these actions, 75 are on-the-ground restoration projects that were first evaluated by the Science
Panel (of which 56 are priority actions that implement
Policy MS1), 57 are habitat protection efforts (including 50 habitat protection areas on Vashon/Maury
Island and seven King County-proposed “Last Best
Places Middle Green” acquisitions), and 30 are programs (16 watershed-wide and 14 subwatershed). (A
list of additional projects for future consideration is
found in Appendix G of Volume II.)
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Program WW-1:
Conduct Shoreline Stewardship Workshops and Outreach

LINKAGES

Offer shoreline property owners shoreline design
workshops to provide information they can readily use
to be better stewards of their property. There would
likely be different workshops for different parts of the
watershed such as Puget Sound beaches and bluffs,
Green/Duwamish River mainstem, tributary streams,
and lakes. Topics covered could include a tailored mix
of the following:

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
Habitat Management Strategies
• Rehabilitate riparian areas in the entire subwatershed
• Protect areas with healthy riparian habitat

• Natural yard care;
• Shoreline planting design/beach and bluff vegetation management;
• Noxious/invasive weed management;
• Aquatic weed management;
• “Softer” shoreline armoring alternatives to vertical
wall bulkheads;
• Salmon-friendly dock design for small, residential
docks;
• Environmentally-friendly methods of maintaining
boats, docks, and decks; and
• Porous paving options and stormwater management on single-family parcels.
Workshops should be designed to help participants
identify and remove the barriers to adopting salmonfriendly shoreline practices. Follow-up with participants should occur to encourage people to act and
determine what obstacles continue to stand in the way
of salmon-friendly behavior.
Workshops could be tailored to meet the salmon
habitat needs for:

Workshops/material distribution should first be
focused on the areas where the threats to existing high
quality habitat are greatest and areas thought to be
limiting habitat factors for salmonid populations.
Materials that help property owners make good
decisions about their property should complement
workshops. These materials could include videos,
brochures, workbooks, direct mailings, “welcome”
packets, notices accompanying property tax bills, and
websites.
As a complement to the workshops, people who own
property on a stream, river, lake, or Puget Sound
shoreline should be offered a free evaluation of the
condition of their riparian habitat. This approach
should maximize the likelihood that the property
owner will act on the resulting information. Evaluations and technical assistance could be provided by
county/city basin stewards and organizations such as
King Conservation District and Washington State
University Cooperative Extension.

• Marine nearshore beach/bluff vegetation (WRIA 9
already has developed a workshop on this topic
that could be adopted for other topics);
• Marine nearshore erosion control/soft armoring;
• Urban small streams;
• Rural small streams;
• Rural Green River mainstem; and
• Lakes (WRIA 8 already has developed a workshop
on this topic).
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Program WW-2:
Increase/Expand Water Conservation Incentive Programs

Increase water conservation campaigns promoting
the use of more efficient toilets and appliances and
water use practices. Expand efforts directed at better
landscape irrigation. Offer free landscape irrigation
audits for high water users. Offer free indoor water
conservation kits for households.
A key role should continue to be played by the Saving
Water Partnership, which includes the City of Seattle,
Highline Water District, Soos Creek Water and Sewer
District, and several other water districts serving WRIA
9. The Partnership already promotes water
conservation through education and incentives.

LINKAGES

Conservation Hypotheses Addressed
• Maintaining adequate flows during low flow periods will
to greater salmonid survival (All-7)
Habitat Management Strategies
• Protect cool clean water from surface and groundwater
sources

Program WW-3:
Increase/Expand Natural Yard Care Programs for Landscapers
Offer educational programs for landscape designers,
contractors, groundskeepers, and property managers
about the benefits of and practices of natural yard care
and use of native/riparian vegetation. Different
programs could address the needs of different
audiences: design vs. maintenance, preservation of
topsoil vs. building healthy soil, plant selection vs.
plant care. Explicitly address the tradeoffs between
conventional and natural yard care practices. Existing
models for such programs are trainings offered by
Seattle Public Utilities on irrigation systems and the
Washington Association of Landscape Professionals.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
Habitat Management Strategies
• Protect existing water quality from pollutants/contaminants
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Program WW-4:
Increase/Expand the Natural Yard Care Program for Single Family Homeowners

LINKAGES

Expand the existing Natural Yard Care program to
promote the value of native riparian vegetation for
stream health and the cost savings of native droughttolerant vegetation for upland areas. Through a series
of neighborhood workshops, the program focuses on
promoting better lawn and garden care among neighbors by removing barriers to change. It builds on the
five messages promoted beginning in the early 2000s
by local agencies:

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
Habitat Management Strategies
• Protect existing water quality from pollutants/contaminants

1. Build healthy soil;
decreased maintenance, and keeping up with the
Puget Sound regional landscape style.

2. Plant right for your site;
3. Practice smart watering;
4. Think twice before using pesticides; and

The program should also encompass the aesthetic
benefits of designs incorporating shade gardening,
native plants, xeriscaping (drought-tolerant plant use),
rain gardening (gardens that use runoff from roofs),
and smaller lawns.

5. Practice natural lawn care.
Promote the program by advertising benefits such as
healthier conditions for children and pets, improved
pest and disease resistance, reduced watering and
smaller water bills, better wildlife/bird life habitat,

The messages of this program can be promoted using
the techniques described in Program WW-1.

Program WW-5:
Promote the Planting of Native Trees

Promote the planting of native trees. Coordinate with
nurseries, home improvement centers, and arborists to
develop a marketing campaign promoting the benefits
of native trees. Offer native trees as part of neighborhood improvement projects.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
Habitat Management Strategies
• Protect existing water quality from pollutants/contaminants

Promote the benefits of trees and increased forest
cover. Such benefits include shade in summer, increased property values, improved salmon/wildlife/
bird habitat, and improved groundwater recharge.
Cities may wish to identify desired percentages of tree
cover to achieve to provide a goal to work toward and
measure progress.
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Program WW-6:
Promote Better Volunteer Carwash Practices

LINKAGES

Local jurisdictions should promote volunteer
carwashes that keep soapy and oily water out of the
storm drain system through:

Conservation Hypotheses Addressed
• Protecting water quality (All-1)

• Promoting use of car wash kits. The kits include a
catch basin and pump to direct the wastewater to
the sanitary sewer. Modest incentives or publicity
should be used to reward those who use the kits;
and

Habitat Management Strategies
• Protect existing water quality from pollutants/contaminants

• Encouraging use of car wash coupons for
fundraisers (e.g., through the Puget Sound
Carwash Association Charity Carwash Program).

Program WW-7:
Increase Public Awareness about What Healthy Streams and Rivers Look Like and How to
Enjoy Recreating on Them
Increase public awareness about what healthy streams
and rivers look like and practices to be avoided when
recreating on them. These efforts should emphasize
that healthy rivers include large amounts of large
woody debris and have abundant native trees and
shrubs on their banks. To make up for the lack of
wood, restoration projects include placement of wood
in streams and rivers. Protecting native vegetation
along stream and river banks will encourage the
growth of large trees that can fall into the streams in
the long run. Most healthy streams and rivers have
salmon in them year round. Messages should emphasize that when enjoying rivers and streams, people
should avoid:

• Damaging streamside vegetation;
• Driving through stream beds;
• Damaging salmon redds (spawning egg nests) by
walking on them or dragging anchors through
them; and
• Disturbing spawning salmon by staying out of the
river and keeping dogs out of the water.

• Articles in local media;
• Public service announcements;
• School materials/presentations;

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Protect areas that provide low velocity and shallow water
habitat during juvenile migration
• Outreach at shows/conventions for fishing,
hunting, and off-road vehicles;
• Signage along accessible sections of healthy
shoreline or restored shorelines, especially in
parks;

• Removing large woody debris;

This education should rely on:

LINKAGES

• More widespread distribution to streamside
property owners and boaters of existing brochures
such as King County’s “Large Woody Debris and
River Safety” and the U.S. Department of Agriculture Forest Service’s “Large Woody Material: The
Backbone of a Stream;” and
• Warning signs regarding existing and potential log
jams and installed large woody debris to notify
recreational river users, including kayakers,
“tubers,” boaters, and anglers. (Signs do not
reduce the need to design projects to minimize
the risk to recreational river users.)
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Program WW-8:
Increase Involvement of Volunteers in Habitat Stewardship

LINKAGES

Increase citizen participation in stewardship programs
that involve volunteers in restoring, maintaining, and
monitoring habitat protection and restoration projects.
Continued grant assistance to non-governmental groups
will support their volunteer organization.

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)

Involving volunteers helps:

Habitat Management Strategies
• Protect existing water quality from pollutants/contaminants

• Provide additional resources to restore and steward
habitat, stretching project construction and maintenance dollars;
• Provides the hand labor especially needed for working with native and non-native plants;
• Educates people about the role of habitat in salmon
recovery and environmental protection in general;
• Creates a larger constituency for salmon recovery
since people who volunteer on salmon habitat
projects are more likely to support governmental
efforts to protect and restore salmon habitat; and
• Contributes to a sense of community and place.
Non-governmental groups, King Conservation District,
and several local jurisdictions have considerable experience in recruiting and organizing volunteers locally. To
continue and expand volunteer stewardship, these partners should work to:

• Expand the pool of regular volunteers by providing greater feedback on progress and targeting
these individuals for specific projects;
• Expand the number of new volunteers by seeking
groups of volunteers from entities such as
churches, schools, homeowners associations,
businesses, service clubs, and other civic groups;
• Improve the efficiency and integration of volunteer recruiting, referral, and registration across the
watershed (and perhaps across WRIA 8 and 9); and
• Provide staff at both non-governmental groups
and governments that supports successful volunteer stewardship programs.

Program WW-9:
Green/Duwamish Volunteer Revegetation Program
The Volunteer Revegetation Program in the Green/
Duwamish River Watershed will support riparian
planting projects through a partnership between the
U.S. Army Corps of Engineers and local jurisdictions.
This program would improve fish and wildlife habitat
throughout the Green/Duwamish River basin by
providing significant quantities of native plants to
volunteer groups for replanting the riparian habitat
along the mainstem Green River and its tributaries.
Control of invasive plant species and maintenance will
be essential to the success of these projects.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
Habitat Management Strategies
• Protect existing water quality from pollutants/contaminants

This is a Green/Duwamish Ecosystem Restoration
Project.
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Program WW-10:
Support/Expand the Natural Resource/Basin Steward Programs

LINKAGES

Support and expand the natural resource/basin
steward programs that work with private landowners
to protect and restore salmon habitat and rural resource lands. Expanding these types of efforts will
increase the number of people voluntarily improving
the health of their land and water.

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
Habitat Management Strategies
• Protect areas with healthy riparian habitat
• Restore riparian vegetation and buffers
• Restore beaches, backshore and associated plant
communities

Key tasks for the stewards include:
• Responding to citizen inquiries concerning their
watershed, water quality, and salmon;
• Identifying and securing necessary grant funding
for restoration and acquisition projects recommended in the Habitat Plan;
• Working with other jurisdiction staff and nongovernmental groups to accomplish WRIA-wide
projects recommended in the Habitat Plan;

• Middle Green (Soos)
1 steward – shared by Black Diamond, Covington,
and Maple Valley

• Promoting voluntary stewardship on private
properties by working one-on-one with property
owners to develop farm, forest, and other voluntary and mandatory land management plans;

• Lower Green River Subwatershed
1 steward – shared between Tukwila, Renton, Kent,
Algona, and Auburn

• Coordinating and implementing on-the-ground
projects, including volunteer opportunities; and
• Creating public education opportunities.
Major existing stewardship efforts that should be
continued include:
• City stewardship programs (offered mostly by
larger cities);
• King County Basin Stewardship, Forestry, and
Agriculture programs; and
• King Conservation District programs.
This proposal would expand existing programs to
provide dedicated stewards to cover all parts of the
WRIA 9 watershed as outlined below:
• Upper Green River Subwatershed
1 steward
• Middle Green River Subwatershed
1 steward – existing (King County)
• Middle Green (Newaukum)
1 steward – existing (King County)

• Duwamish Estuary Subwatershed
1 steward – Seattle staff
• Marine Nearshore Subwatershed
1 steward – new shared by Burien, Des Moines,
Federal Way, Normandy Park, and SeaTac
• Vashon/Maury Island
1 steward – existing (King County)
The stewards would be employed by and under the
direction of local jurisdictions of the watershed. The
basin steward programs will assist with implementation of the Habitat Plan.
Stewards could be provided by re-allocation of existing
staff (e.g., Black Diamond, Covington, and Maple
Valley could each allocate 0.3 share of an existing
employee’s time to stewardship tasks) or jointly
funding a steward position(s) at the subwatershed/
WRIA level through an interlocal agreement. The
stewards could be provided under contract by King
Conservation District, King County, a city, or a nonprofit organization.
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Program WW-11:
Expand/Improve Incentives Programs

Expand existing incentives and develop new incentives
for property owners to protect salmon habitat. The
desired outcome of this project is to increase awareness and use of existing incentive programs. This
project should occur in two phases:

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and restoring nearshore sediment transport
processes (NS-3)
• Preserving and maintaining groundwater inflow (LG-3)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)

Phase I: WRIA 9 jurisdictions should evaluate their
application of incentives for habitat protection; and
Phase II: Using the information developed in Phase I, a
WRIA-wide effort should be considered to enhance the
effectiveness of incentives. Incentive options to
evaluate include the following:

Habitat Management Strategies
• Protect cool clean water from surface and groundwater
sources
• Protect existing water quality from pollutants/contaminants

• Enhance the use and efficacy of the King County
Transfer of Development Rights Program throughout WRIA 9. This could include sponsoring a
workshop to facilitate information exchange. It is
important that transfers occur within the WRIA so
that the density impact and benefit occur in the
same watershed;

• Improve the ease/speed of permitting for land
owners protecting habitat;

• Educate property owners about King County
current use assessment programs and encourage
them to enroll to protect salmon habitat;

• Waive the cost of permits for restoration projects
or projects with a substantial restoration component;

• Develop or continue fee reduction programs that
promote forest cover protection;

• Offer zoning flexibility;

• Develop or continue fee reduction programs that
promote low impact development;

• Enhance the awareness and use of the cost-sharing
program offered through the King County Agricultural Program; and

• Publicize the King Conservation District’s administration of the U.S. Department of Agriculture’s
Conservation Reserve Enhancement Program,
which provides incentives to restore and enhance
salmon habitat on private rural lands;

• Publicize information about incentive programs
on websites and in public displays.
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Program WW-12:
Improve Enforcement of Existing Land Use and Other Regulations

Improve enforcement of existing regulations that
protect salmon and salmon habitat. Complying with
existing and future regulations is an important tool to
ensure long-term protection of salmon habitat in the
watershed. All levels of government should ensure that
implementing and complying with policies and
regulations are sufficient to achieve their purpose,
consistent with long-term salmon habitat protection.
Local jurisdictions and state and federal regulatory
agencies should:
• Identify where inadequate compliance/enforcement is occurring and identify the root causes;
• Inform citizens about how to report violations
using existing hotlines, websites, and complaint
response programs;
• Publicize egregious violations;
• Support and encourage the prosecution of violations;

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and restoring nearshore sediment transport
processes (NS-3)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (LG-1)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Protect areas with healthy riparian habitat
• Protect areas that provide low velocity and shallow water
habitat during juvenile migration
• Protect existing water quality from pollutants/contaminants

• Revise ordinances to ensure jurisdictions have the
ability to enforce regulations in a fair and equitable manner;
• Adopt fines that are commensurate with the harm
done or cost of restoration;
• Require that violators fully restore the habitat they
degraded;
• Provide adequate staff to conduct field inspections, provide technical assistance, and pursue
enforcement as needed to ensure widespread
compliance;
• Participate in interagency coordination, technical
assistance, and public outreach for more complicated regulatory environments; and
• Develop performance measures for enforcement
activities in order to track progress over time and
provide information that will help revise enforcement efforts as needed.
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Program WW-13:
Increase Use of Low Impact Development and Porous Concrete

Improve water quality generally and reduce the
volume of stormwater runoff through low impact
development including use of porous paving materials.
Promote infiltration to the maximum extent possible
as the preferred means of stormwater volume control.
Low impact development techniques can mitigate the
harmful effects of increased impervious surface area
on stream flows and groundwater recharge. They also
reduce the need for retention/detention ponds with
the associated costs, maintenance, and risk of mosquito-borne illness.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting against watershed and upland impacts (All-5)
• Protecting against watershed and upland impacts by
implementing low impact development techniques
(MG-2)
Habitat Management Strategies
• Protect cool clean water from surface and groundwater
sources

Low impact development includes the use of:
• Native vegetation and small-scale treatment
systems to treat and infiltrate stormwater runoff
close to where it originates;
• Clustering of buildings and narrower and shorter
roads to reduce total impervious areas and leave
larger areas in native vegetation;
• Green roofs and rain gardens;
• Topsoil preservation; and
• Porous or permeable paving materials in areas
with well-drained soils. Porous pavement options
are not suitable in redevelopment sites where
there is unremediated soil contamination.
Local governments can promote low impact development techniques through incentives or require their
use in certain instances. Local governments should
modify their stormwater ordinances and fee structure
to promote or require the use of low impact development techniques where compatible with site characteristics. (See also Policy WQ2 in Chapter 3.)
In addition, local governments should use low impact
development techniques for municipal purposes
wherever practical and desirable to reduce stormwater
volumes and demonstrate the usefulness of low impact
development.
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Program WW-14:
Provide Incentives for Developers to Follow Built Green™ Checklist Sections Benefiting
Salmon
Encourage the use of the Built Green™ building
program through incentives provided by local governments to developers. Built Green™ provides checklists for building single family houses, multi-family
housing, communities, and remodels. Sections of the
checklists that improve water quality and salmon
habitat include site preparation, stormwater management, and homeowner operations and maintenance.
In exchange for reaching certain point thresholds for
the relevant Built Green™ sections, local jurisdictions
could provide developers with incentives such as
reduced permit costs, reduced impact fees, reduced
or flexible buffer widths, and other changes that will
encourage voluntary participation. Active promotion
of these incentives by jurisdiction planning/permitting departments may be necessary to encourage
wide-spread use.

LINKAGES

Conservation Hypotheses Addressed (WW-14)
• Protecting water quality (All-1)
• Protecting against watershed and upland impacts (All-5)
Habitat Management Strategies (WW-14)
• Protect existing water quality from pollutants/contaminants
• Protect native vegetation in riparian areas

Built Green™ has been used to develop 4,600 buildings to date. It is a voluntary program created by the
Master Builders Association of King and Snohomish
Counties with the participation of King County, other
local governments, and environmental groups.
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Program WW-15:
Develop a Coordinated Acquisition Program for Natural Areas

Develop and implement a coordinated natural areas
(“open space”) identification and protection program.
Once key properties are identified and prioritized,
pursue grant funding or other means to preserve and
protect target areas. Acquisition of additional natural
areas should include provision for necessary site
management and maintenance.
Because this coordinated effort would necessarily be a
collaborative process, it should include the creation of
a stakeholder group. The group would include elected
officials from local jurisdictions and representatives
from citizen groups and businesses to identify and
pursue funding.
Essential prioritization criteria would include those
emphasizing upland and riparian habitat characteristics important to salmonid health.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and restoring nearshore sediment transport
processes (NS-3)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (LG-1)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
• Protecting, restoring, and enhancing habitat along the
mainstem and major tributaries (UG-2)
Habitat Management Strategies
• Protect existing water quality from pollutants/contaminants
• Protect native vegetation in riparian areas
• Protect cool clean water from surface and groundwater
sources

The Transfer of Development Rights Program and the
King County Green Print provide opportunities for the
identification and potential acquisition of key habitat.
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Program WW-16:
Develop Salmon Restoration Tools Consistent with Agricultural Land Uses

Develop a suite of tools that will allow and encourage
voluntary projects by farmers to protect and restore
habitat while preserving agriculture. Although the
primary focus of the program would be the larger
farms on the Green River mainstem, it also could
include smaller, “hobby” farms adjacent to tributary
streams. King County Basin Stewards, County agricultural programs staff, and WRIA 9 staff should work with
the agricultural community to prepare incentive and
public outreach programs tailored to the issues of
farms. The program would likely:

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (LG-1)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Protect existing water quality from pollutants/contaminants
• Protect native vegetation in riparian areas
• Restore water quality where degraded conditions exist
• Rehabilitate riparian areas in the entire subwatershed

• Identify and contact willing farm owners and work
with them individually to develop ideas so that
they are personally invested in solutions to
specific problems involving their land;
• Work with King Conservation District on appropriate incentives programs linked with farm plans;
• Prepare a grant application to the King Conservation District for a WRIA 9 Agricultural Opportunity
Fund to pay for a significant percentage of costs
associated with restoration of mainstem Green
River properties (including fencing if livestock are
involved), control of invasive plant species, native
plants for riparian buffers, short term irrigation of
newly planted areas (if appropriate), woody debris
and other costs associated with riparian corridor
restoration;

• Work with members of the agriculture community
to identify and remove blocking culverts or other
barriers that limit fish use of habitat.

• Use first projects as demonstration sites and work
with property owners to make sites visible or
available for other property owners to see. Include
cooperating farms in tours of restoration sites so
decision makers and other interested citizens can
see the contributions being made by farmers (and
have a greater opportunity to purchase from
farmers who make voluntary sacrifices in production);
• Work with incentives programs (e.g., Public
Benefit Rating System, Native Growth Protection
Easements, Conservation Reserve Enhancement
Program, etc.) for members of the agriculture
community willing to restore mainstem properties;
• Promote existing stewardship programs such as
those offered by the King Conservation District,
Washington State University Cooperative Extension, and Horses for Clean Water; and
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7.4 SUBWATERSHED-SPECIFIC
POLICIES, PROGRAMS, AND PROJECTS
The remainder of this chapter lists policies, programs,
and projects specific to each of the five WRIA 9
subwatersheds.
Each subwatershed subsection begins with a brief
introduction to the subwatershed. For more information on the characteristics and habitat issues in each
subwatershed, please see Chapters 3 and 4.
While all of the following projects are important to
protecting and restoring salmon habitat, Table 8-2 lists
the priority projects that implement watershed-wide
management strategy Policy MS1 (Chapter 5 – Section
5.7) and the tier 1 conservation hypotheses in each
subwatershed.
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RECOMMENDED POLICIES AND ACTIONS FOR THE UPPER GREEN RIVER SUBWATERSHED

T
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Green River
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mitigation requirements
historically signifiunder the Howard Hanson
cant and currently
Dam Additional Water
untapped source of
Storage Project, which will
spawning and
open the Upper Green River
rearing habitat for
to anadromous fish access
Chinook salmon and
for the first time in nearly a
other salmonids. The
century. (See Chapter 4 for a
subwatershed contains
more detailed description of
the headwaters of the
conditions in the Upper
Green River, and repreGreen River Subwatershed.)
sents about 45% of the
Green/Duwamish River
The following portfolio of
watershed area and
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stream mileage. Chinook
designed to:
access to this
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blocked by the Tacoma
and bull trout access above
Headworks diversion
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dam and the Howard
providing passage upstream
Hanson Dam. The
(trap and haul) beyond
primary land use is
Howard Hanson Dam and
commercial forestry.
the reservoir for adult
Howard Hanson Dam influences the movement of water, fish, and
Individual parcels and
Chinook and other salmosediment throughout the watershed.
roads are owned by
nids and downstream
Tacoma Public Utilities,
passage for their progeny;
the U.S. Forest Service, private timber companies,
• Remove instream barriers to fish passage (e.g.,
the BNSF Railway, and the Washington State
culverts);
Department of Natural Resources. Although much
• Protect, restore, and enhance habitat along the
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ies (e.g., North Fork, Smay Creek) by restoring the
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Habitat Conservation Plans that require protection
of threatened salmonids and other salmonids and
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POLICIES

• Protect and restore natural sediment recruitment
processes by reducing slides and road-borne
sediment.

PROGRAMS

PROJECTS
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Policy UG1:
Encourage commitments made between private forest land owners and the U.S. Forest Service to regularly
maintain cost-share roads. Maintenance efforts should include goals to add riparian vegetation, replace/
improve culverts, restore hillslope stability, prevent new bank armoring and fill, and reduce existing armoring
and fill over time. Private forest landowners should coordinate these commitments with their “Road Maintenance and Abandonment Plans” filed with the Washington State Department of Natural Resources.

Policy UG2:

Support forest management and harvest rotation programs that minimize impacts on salmonid habitat
while maintaining viable silviculture. Encourage forest landowners to meet (and/or exceed) the requirements of the Forest & Fish Agreement, Habitat Conservation Plans, and other agreements that require
protection of salmon habitat.

Policy UG3 Discussion:

BNSF Railway owns and operates railroad tracks that are constricting the Green River in the Upper Green River
Subwatershed. WRIA 9 should follow the example of the Puget Sound Nearshore Ecosystem Restoration
Project, which developed a Salmon Recovery Funding Board proposal for WRIA 10 in coordination with BNSF
Railway.

Policy UG3:

Initiate discussions with the BNSF Railway to identify mutual benefits for railroad operations and salmon
habitat.
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2 Miles
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Recommended Projects
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RI V ER

Upper Green River Subwatershed

Program U-1:
Develop a Strategy to Protect and Restore Habitat in the Upper Green River and its
Tributaries
Conduct a planning effort to develop a long term,
comprehensive approach to protecting and restoring
ecosystem processes in the Upper Green River
Subwatershed, in particular for river miles 88 through
67. While protecting habitat and habitat-forming
processes in this river reach should be considered, the
primary goal would be ecosystem process restoration
(including for land that is acquired). The purpose is to
provide suitable spawning and rearing habitat over
time for salmonids that are given access to the Upper
Green River Subwatershed (project UG-4).
Identify specific restoration actions on specific sites
that would provide incremental, long-term progress
toward restoring ecological processes to benefit
salmonids consistent with conservation hypotheses
and habitat management strategies (see list at the end
of this program description). The strategy should
incorporate the latest science with information about
willing landowners, economic considerations, and
overall feasibility and effectiveness evaluations to
identify the best locations for habitat projects. The
planning effort should complement other plans and
programs that are in place in the Upper Green River
Subwatershed and therefore must involve Tacoma
Public Utilities, U.S. Army Corps of Engineers, U.S.
Forest Service, private forestland companies, and King
County.
During the development phase of this Habitat Plan,
field checks were performed to verify where recommended habitat management strategies could be
employed. These areas were given the highest ranking
by the Science Panel for their potential value in protecting functioning habitat and/or restoring habitatforming processes that would benefit salmonids.

LINKAGES

Conservation Hypotheses Addressed
• Allowing natural disturbance type flows in unconstrained
river channels ( All-4)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting, restoring, and enhancing habitat along the
mainstem and major tributaries (Up-2)
Habitat Management Strategies
• Restore lateral channel migration to create new off-channel
habitat
• Restore lateral channel migration in areas of the Upper Green
where the channel is unnaturally confined and habitatforming processes are not functioning

The priority areas for restoring/facilitating channel
migration are:
• River miles 88.3 to 77.9 (both banks);
• River miles 77.9 to 76.2 (right bank); and
• River miles 73.5 to 72 (right bank).
The priority area for creating/restoring off-channel
habitat is:
• River miles 84.1 to 67.75

One project for restoring channel migration and one
for off-channel habitat creation should be chosen as
model projects. With monitoring and adaptive management, the following projects could become more
cost-effective over time.
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Project UG-1:
Revegetation of Sunday Creek 2.75 Miles Up from RM 84.1 (Both Banks)

Project Description
Replant a 2.8-mile stretch along Sunday Creek with
small riparian-type shrubs and plants. The planting
zone would be 100 feet wide on both sides of the
channel. Plants will need to be selected for their small
size in order to avoid interference with Bonneville
Power Administration power lines. Add more complexity to instream habitat by installing large woody debris
(one piece for every two bank widths).

Sunday Creek showing lack of shade-providing vegetation.
July 2003 photo.

The project site begins near the location where the
Bonneville Power Administration power lines cross
Sunday Creek, 2.75 miles upstream of the Sunday
Creek confluence with the Green River at river mile
84.1. Sunday Creek is located approximately 2.5 miles
upstream of the old townsite of Lester. This project
would require close coordination with the Bonneville
Power Administration.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting, restoring, and enhancing habitat along the
mainstem and major tributaries (Up-2)
Habitat Management Strategies
• Restore water quality (temperature)
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features

This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• Bonneville Power Administration requires that the
project use only small plants because they will not
interfere with power line operations.
• Sunday Creek will continue to have high temperature problems until an adequate level of riparian
vegetation is established.
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Project UG-2:
Instream Habitat Improvement Between RM 82 and 73

Project Description
Improve instream channel salmonid habitat between
river miles 82 and 73. This project would include
placing meander, bar apex, and barb log jams, installing large woody debris, and reconnecting/improving
side channels. This area was verified through scientific
field checks as a high priority area for improving
natural channel morphology to benefit salmonids.
Opportunities and Constraints
• The City of Tacoma will implement this
“Additional Water Storage Project” in coordination
with the U.S. Army Corps of Engineers.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting, restoring, and enhancing habitat along the
mainstem and major tributaries (Up-2)
Habitat Management Strategies
• Substitute ecological process with habitat features (e.g.,
install large woody debris)
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Project UG-3:
Culvert Replacements in Gale and Boundary Creeks near RM 67

Project Description
Implement the Gale Creek and Boundary Creek culvert
replacement projects together to access three miles of
spawning and rearing habitat for Chinook and coho
salmon, steelhead trout, and possibly bull trout. The
mouth of Gale Creek is located near river mile 67.
Boundary Creek joins Gale Creek about one mile
upstream from the Howard Hanson reservoir. This
habitat is accessible from the reservoir. The projects
include gravel supplementation to provide suitable
spawning material and large woody debris placement
in order to create resting pools and trap gravel.
Gale Creek from the culvert crossing. August 1999 photo.

LINKAGES

Conservation Hypotheses Addressed
• Improving tributary access (All-3)
• Protecting, restoring, and enhancing habitat along the
mainstem and major tributaries (Up-2)
Habitat Management Strategies
• Restore fish passage to tributaries
• Substitute habitat features to create pools and collect
sediment

This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• The City of Tacoma has committed to implementing the Boundary Creek culvert replacement.
• The projects are in the engineering and design
stage and are expected to be implemented in 2005.
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Project UG-4:
Fish Passage To and From the Upper Green River Subwatershed

Project Description
To increase spatial structure and genetic diversity of
the Green River Chinook population, this action
reintroduces Chinook salmon above Howard Hanson
Dam through a trap-and-haul system, and provides a
facility for safe downstream passage of juvenile
salmon. The City of Tacoma completed the upstream
fish passage facilities at its Headworks Dam in 2004.
The U.S. Army Corps of Engineers is nearing completion of a downstream juvenile fish passage facility at
Howard Hanson Dam. Both facilities are anticipated to
be operating in tandem within a couple of years, and
successful reintroduction is anticipated within the first
10 years of the Habitat Plan.

Upstream fish collection facility under construction at Tacoma
Headworks. July 2004 photo.

In the future, possible policy discussions may include:
1) Introducing a spring Chinook population into the
Upper Green River Subwatershed;
2) Isolating the hatchery stock from the Upper Green
Chinook population to create a self-sustaining wild
Chinook population; and
3) Introducing adult Chinook salmon above the
Headworks Dam after filtration of Tacoma’s water
supply.

LINKAGES

Conservation Hypotheses Addressed
• Establishing/restoring Chinook upstream and downstream salmon access past Howard Hanson Dam (Up-1)
Habitat Management Strategies
• Substitute fish passage for adults and juveniles

Opportunities and Constraints
• Under its 50-year Habitat Conservation Plan,
Tacoma Public Utilities is committed to operating
the upstream fish bypass collection facility and
will transport salmonids above Howard Hanson
Dam. The U.S. Army Corps of Engineers will
operate its downstream fish passage facility at
Howard Hanson Dam as part of the “Additional
Water Storage Project.”
• NOAA Fisheries gave Tacoma Public Utilities a
preliminary recommendation in June 2004 to pass
upstream all natural and hatchery origin Chinook,
coho, sockeye, pink, and chum salmon; cutthroat
trout; and natural-origin steelhead. The comanagers will make the final decision on which
fish species to transport above Howard Hanson
Dam in 2006.
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Project UG-5:
Restore/Rehabilitate Habitat Through Forest Logging Road Improvements

Project Description
Support implementation of the U.S. Forest Service/
Washington State Department of Ecology agreement
on road maintenance and abandonment. Many
hillside roads in the Upper Green River Subwatershed
have met or exceeded their life span, lack adequate
drainage, and have a high risk of failure in flood
conditions. Consequently, the roads would need to be
replaced or removed before their failure negatively
impacts the mainstem river or stream habitat.
Potential actions would be to restore hillslope processes by removing failing/high-risk logging roads,
recontouring and revegetating slopes, restoring natural
drainage, and replacing culverts. Potential sponsors
are the owners of the roads, namely the timber companies, the U.S. Forest Service, and the Washington State
Department of Natural Resources.
Opportunities and Constraints

The Upper Green River Subwatershed has nearly 1,000 miles of
logging roads, some of which would be decommissioned. August
2004 photo.
LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Improving tributary access (All-3)
• Protecting, restoring, and enhancing habitat along the
mainstem and major tributaries (Up-2)
• Protecting and restoring natural sediment recruitment
process (Up-4)
Habitat Management Strategies
• Restore riparian vegetation and forest roads
• Restore hillslope hydrology and stability
• Restore hillslope processes by removing failing/high risk
logging roads
• Rehabilitate forest logging roads

• The U.S. Forest Service has a Memorandum of
Agreement with the Department of Ecology for
roads maintenance and abandonment plans,
which is in its seventh year of a 15-year process.
Fish passage is the first priority followed by decommissioning roads.
• The U.S. Forest Service has already decommissioned eight miles of roads that scored “High” in
their risk assessment study. Some funding may be
leveraged through the Salmon Recovery Funding
Board, as was done in Pierce County. Timber
companies in the area (e.g., Plum Creek Timber)
may also provide funding towards cost-share
roads.
• This project is constrained by joint-ownership in a
checkerboard pattern (158 of the 975 miles of
roads) and limited funding, so implementation
would likely require greater coordination than
other types of projects.
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RECOMMENDED POLICIES AND ACTIONS FOR THE MIDDLE GREEN RIVER SUBWATERSHED

T

he
majority of
existing Chinook
salmon spawning in WRIA 9
occurs in the
Middle Green River
Subwatershed. Juvenile
Chinook salmon and other
salmonids also use Middle
Green River habitats extensively for
rearing. The subwatershed extends from
Howard Hanson Dam (river mile 64.5) to river mile
32 just east of Auburn. It has two major tributaries –
Soos Creek and Newaukum Creek – and numerous
smaller tributary streams. Much of the area is
unincorporated, but it also includes the growing
cities of Covington, Maple Valley, Black Diamond,
and Enumclaw. A significant portion of Kent also
lies within the Soos Creek basin. The major land
uses in the subwatershed are residential, forestry,
and agriculture. Two Agricultural Production
Districts are in the Middle Green River
Subwatershed and the largest concentration of
dairy farms in King County is on the Enumclaw
Plateau. Several state and local parks abut the river,
preserving mostly forested lands, and providing
popular recreational opportunities for boaters,
anglers, picnickers, and campers. The two upstream
dams, revetments/training levees, flow diversions,
and residential and agricultural land uses have had
adverse effects on salmon habitat in the Middle
Green. These changes include flow regime alterations, reduced sediment recruitment, loss of side
channels and wetlands, loss of floodplain connectivity, degraded riparian areas, loss of large woody
debris, and barriers to fish passage. (See Chapter 4
for a more detailed description of conditions in the
Middle Green River Subwatershed.)
Some of the actions listed in this subsection are
part of the Middle Green River “Blueprint,” which is
a planning effort by King County Water and Land
Resources Division with the goal of developing a
POLICIES

The Middle Green River, shown here at O’Grady
Park, is one of the best salmon river reaches in the
Puget Sound. August 2003 photo.
long-term, comprehensive approach to recovering
ecosystem processes in the section of the Green River
that extends from the outlet of the Green River Gorge
(river mile 46) downstream to about the eastern city
limits of Auburn (river mile 32).
The following portfolio of policies and actions is
designed to:
• Protect and restore habitat that provides refugia
(particularly side channels, off channels, and
tributary access) and habitat complexity (particularly pools) for juvenile salmon over a range
of flow conditions and at a variety of locations
(e.g., mainstem channel edge, river bends, and
tributary mouths);
• Enhance natural sediment recruitment (particularly spawning gravels) by reconnecting sediment
sources to the river;
• Protect and restore spawning and rearing habitat
in lower Newaukum and Soos Creeks; and
• Maintain regional groundwater recharge and
base flows to the mainstem Green River.
For the first ten years of the Plan, the priority for
implementation of projects will be first to implement
projects on public lands, secondly to implement
projects on lands within the Rural and Urban Growth
Areas, and third to implement projects on lands
within the Agricultural Production District (see
“Approach to Habitat Project Implementation in the
Agricultural Production Districts of WRIA 9” in
Chapter 8).

PROGRAMS

PROJECTS
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Policy MG1:

For habitat restoration projects calling for the addition of large woody debris, particularly in the mainstem,
placement of wood should be done in a way that minimizes any risk to river users such as boaters and swimmers.

Program M-1:
Enumclaw Plateau Dairy Nutrient Management Program
Protect water quality in agricultural areas by creating
markets for manure. This would be done by facilitating
the export of manure from dairy farms and off the
Enumclaw Plateau, to prevent excess nutrient runoff
into waterways, and to improve nutrient management
on farms.
The program could rely on a biogas digester,
composting system, or other technologies. A biogas
digester would capture energy that could be marketed
as green power. Either process could produce an end
product that could be used for fertilizer and would
have lower risk of nutrient runoff than unprocessed
manure applied to fields. In addition to benefits to
water quality, this program could benefit farmers who
are currently constrained by the amount of land
needed to manage manure. Other benefits include
converting waste to a resource and the potential to
reduce emissions of greenhouse gases.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
Habitat Management Strategies
• Protect water quality from further modification where State
standards are being met or exceeded
• Restore degraded water quality conditions to meet or
exceed State standards

This program would be run by the King County Department of Natural Resources and Parks in conjunction with King Conservation District, Natural Resource
Conservation Service, King County Solid Waste Division, and private dairy farmers. The King County
Agriculture Program has done a feasibility study and
(at the time of publication) is soliciting proposals for
this program. Dairy farmers in the Enumclaw Plateau
have expressed interest in this program.
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2 Miles

Recommended Projects
Middle Green River Subwatershed

Program M-2:
Middle Green River Gravel Supplementation Program

The U.S. Army Corps of Engineers, Tacoma Public
Utilities, King County, and other local governments
should continue gravel supplementation in the Middle
Green River on an annual basis or in conjunction with
specific projects.
In 2003, the U.S. Army Corps of Engineers and Tacoma
Public Utilities initiated a program of annual gravel
placement in the channel reach immediately below the
Tacoma Headworks, which is located at river mile 61.
The quantity of gravel placed is 3,900 cubic yards
annually for a duration of 50 years. In addition, approximately 8,000 cubic yards of gravel supplementation on an annual basis is planned as part of Howard
Hanson Dam operations for the next 50 years under
the terms of the Additional Water Storage Project. The
quantity of gravel placed would be approximately
equal to the bedload deposited annually in the Howard
Hanson reservoir (approximately 12,000 cubic yards
per year). In addition, it is recommended that 272,000
tons of gravel be distributed through the zone of
existing sediment depletion. This gravel would be

LINKAGES

Conservation Hypotheses Addressed
• Protecting and restoring natural sediment recruitment
(MG-3)
Habitat Management Strategies
• Substitute sediment recruitment through gravel
supplementation

intended to make up the deficit resulting from four
decades of operation of Howard Hanson Dam. Gravel
would be placed between the Tacoma Headworks and
Flaming Geyser Bridge (river mile 43). Finally, gravel
placement is recommended in conjunction with the
proposed Middle Green “Blueprint” projects between
river miles 45 and 32 (Projects MG-3, MG-4, MG-12,
and MG-18).

Program M-3:
Middle Green River Large Woody Debris Supplementation Program
The U.S. Army Corps of Engineers, Tacoma Public
Utilities, King County, and other local governments
should continue large woody debris placement or
supplementation in the Middle Green River on an
annual basis or in conjunction with specific projects.
This Howard Hanson Dam operations project would
place large wood in the mainstem river to provide the
basis for formation of specific logjam types. Large
woody debris would be placed at approximately 73
sites within the mainstem Green River between the
Tacoma Headworks and the city of Auburn. In addition, bar apex log jams or engineered log jams are
planned as a part of the Middle Green “Blueprint”
projects between river miles 45 and 32 (Projects MG-3,
MG-4, MG-12, and MG-18).

LINKAGES

Conservation Hypotheses Addressed
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features
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Program M-4:
Side Channel Reconnection Program

Initiate a side channel rehabilitation/reconnection
program that concentrates efforts from river miles 45
to 32. Side channels and other off-channel habitat
would be created or enhanced by excavation in the
currently functioning floodplain. Side channels would
be excavated at strategic locations listed below. Because these efforts would occur over a long period of
time and would require monitoring and maintenance,
a programmatic approach is necessary.
Projects in the short term (first 10 years) could include:

LINKAGES

Conservation Hypotheses Addressed
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Rehabilitate hydrologic processes to create off-channel
habitat and maintain hydrologic connection to mainstem
channel

• River mile 40.4 (right bank);
• River mile 38.6 (left bank);
• River mile 37.7 (left bank); and
• River miles 34.6 to 34.0 (across from Porter Levee)
(right bank).
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Project MG-1:
Middle Green River Side Channel Restoration/Rehabilitation at RM 60

Project Description
This project has two goals: 1) Restore natural
ecosystem processes of sediment supply and
transport to side channels (and the mainstem) at two
locations, and 2) Restore natural ecosystem processes
of large woody debris recruitment, transport, and
structure in the side channels (and mainstem) in the
vicinity of river mile 60.
This project would construct pool/riffle habitat
sequences within the designated side channels to
increase channel complexity, create salmon spawning
habitat, and enhance rearing habitat for juvenile
salmonids. Lateral and bar apex jams would be
constructed.
Additional components of this project include:
• Underplanting the riparian corridor with native
conifers;
• Constructing a large logjam at the head of one of
the side channels;

Project area showing the lack of suitable spawning
gravel. Photo courtesy of U.S. Army Corps of Engineers.

• Altering flow regulation at Howard Hanson Dam
to provide suitable flows in side channels during
the salmon spawning and incubation seasons;
• Constructing supply bars of spawning-sized gravel
at the upstream ends of side channels; and
• Additions of large woody debris to be transported
to and within side channels by existing river
hydraulics until conifer underplantings mature
and provide a source of naturally recruited large
woody debris.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and improving access to tributaries (All-3)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute habitat features to create pools and collect
sediment
• Substitute ecological processes with habitat features
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Project MG-2:
Brunner Slough (Kanaskat North)
Off-Channel Habitat Construction near RM 58 (Right Bank)
Project Description

Project area showing the existing swale. Photo courtesy of
U.S. Army Corps of Engineers.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Rehabilitate hydrologic processes to create off-channel
habitat and maintain hydrologic connection to mainstem
channel
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute habitat features (e.g., large woody debris) to
create pools and habitat complexity

This project would excavate a 3,600 linear foot channel
in a currently existing swale to create a new channel
approximately 10 feet wide. At the upper end of the
channel, ground water would be daylighted and gravel
would be placed to construct a french drain for the
ground water to drain through to the channel. An 18inch layer of gravel would be placed on the bottom of
the channel throughout its length to encourage
spawning. Large tree trunks with root wads would be
placed throughout the channel but especially at the
mouth to provide cover. Areas disturbed during
construction would have riparian plantings. The rest of
the site is covered in native trees so no addition
planting would be needed.
The goal of this project is to provide off-channel winter
and summer rearing and refuge habitat.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• Much of the property is in public ownership.
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Project MG-3:
Flaming Geyser Floodplain Reconnection, Side Channel Connection, and Habitat
Restoration Between RM 45.1 and RM 44.3 (Right Bank)
Project Description
This project would excavate a portion of the floodplain
to reconnect the floodplain with the river between
river miles 45.1 and 44.3, right bank. The project would
excavate a connection between the wall-base side
channel inlet and the mainstem and construct logjams
to reinstate channel migration. This project also
includes gravel addition, eradication of Japanese
knotweed and other invasive species, and planting
riparian vegetation.
This project is part of the Middle Green River “Blueprint” proposed by King County and is a Green/
Duwamish Ecosystem Restoration Project.

Flaming Geyser State Park showing a portion of the project
area on right (north) bank of the Green River. August 2004
photo.

Opportunities and Constraints
• The property is in public ownership.
• Because of high use of this reach by recreational
boaters, logjams would need to be engineered and
placed in a manner that minimizes risks to boater
safety.
• Projects MG-3 and MG-4 may be combined for
cost savings and efficiency.
• Proper sequencing of projects MG-3 and MG-4
would need to be considered.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)Allowing
natural disturbance type flows in unconstrained river
channels (All-4)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
• Protecting and restoring natural sediment recruitment
(MG-3)
Habitat Management Strategies
• Restore areas with some functioning off-channel habitat;
restore lateral channel migration to create off-channel
habitat
• Restore lateral channel migration to recruit sediments
• Restore natural cycle of succession and plant diversity of
riparian areas
• Substitute sediment recruitment though gravel and large
woody debris supplementation

Page 7-35
Green/Duwamish and Central Puget Sound Watershed Salmon Habitat Plan—August 2005

Project MG-4:
Flaming Geyser Side Channel Construction, Floodplain Reconnection, near RM 44
(Right Bank)
Project Description
This project would construct a side channel to increase
the amount of off-channel habitat near river mile 44,
right bank. The project would excavate portions of the
surrounding floodplain to connect side channels with
floodplain and mainstem and construct logjams to
reinstate channel migration.
This project also includes gravel addition, eradication
of Japanese knotweed and other invasive species, and
planting riparian vegetation.
Flaming Geyser State Park in the general vicinity of the
project area. May 2005 photo.

This project is part of the Middle Green River “Blueprint” proposed by King County.
Opportunities and Constraints

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Allowing natural disturbance type flows in unconstrained
river channels (All-4)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
• Protecting and restoring natural sediment recruitment
(MG-3)

• The property is in public ownership.
• Because of high use of this reach by recreational
boaters, logjams would need to be engineered and
placed in a manner that minimizes risks to boater
safety.
• Projects MG-3 and MG-4 may be combined for
cost savings and efficiency.
• Proper sequencing of projects MG-3 and MG-4
would need to be considered.

Habitat Management Strategies
• Restore areas with some functioning off-channel habitat;
restore lateral channel migration to create off-channel
habitat
• Restore lateral channel migration to recruit sediments
• Restore natural cycle of succession and plant diversity of
riparian areas
• Substitute sediment recruitment though gravel and large
woody debris supplementation
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Project MG-5:
Flaming Geyser Slide Sediment Management at RM 43 (Left Bank)

Project Description
The project goal is to eliminate a large source of fine
sediment from this reach of the river, improving
downstream spawning success and juvenile habitat for
salmonids. How this project would be carried out has
not yet been determined.
The slide, located just downstream of Flaming Geyser
Park at river mile 43 on the south side (left bank) of the
Green River, has recently contributed significant
quantities of fine sediments to the river.
Currently the slide has a face that is several thousand
feet long and approximately 300 feet high and in any
given year can place thousands of cubic yards of fine
material in the Green River. The slide activity, releasing
fine sediments that choke the spawning gravel and
significantly reduce the flow of water and oxygen
getting to the salmon eggs, may have a negative impact
on Chinook spawning and rearing.

Aerial view of landslide. Green River is at top of picture.
Photo courtesy of U.S. Army Corps of Engineers

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
Habitat Management Strategies
• Restore degraded water quality conditions

This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• The slide is large and potential solutions will be
complex.
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Project MG-6:
Newaukum Creek Restoration Between Creek Miles 0.0 and 14.3 (Both Banks)

Project Description
The project goal is to restore process-based ecological
functions that include wetland and riparian restoration on the Enumclaw Plateau. This project would
improve riparian habitat with the following actions:
• Enhance and expand the degraded plateau
wetlands adjacent to Newaukum Creek by constructing wetlands and removing invasive plants
and re-planting with native vegetation, which will
provide structural diversity for the wetlands and
increase flow attenuation;
• Enhance and expand the riparian vegetation zone
of the plateau section of Newaukum Creek to
provide a strip of healthy riparian vegetation up to
200 feet wide;
• Protect stream buffer areas to exclude livestock
through fencing; and
Newaukum Creek showing lack of mature
native trees and shrubs. Photo courtesy of
U.S. Army Corps of Engineers.

• Restore and create connections to off-channel
wetland habitats for salmonids.
This is a Green/Duwamish Ecosystem Restoration
Project.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
• Preserving and restoring spawning and rearing habitat in
lower Newaukum and Soos Creeks (MG-4)

Opportunities and Constraints
• This project depends on identifying suitable
properties and landowners willing to participate in
restoration projects.

Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features
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Project MG-7:
Big Spring Creek Restoration

Project Description
This project would re-locate a major section of Big
Spring Creek (tributary to Newaukum Creek) from the
current ditched system into a channel consistent with
its historic route. The stream re-alignment will reduce
pollution coming from road ditches and a dairy and
connect the stream and wetland to improve offchannel rearing areas. Placement of large woody
debris pieces will promote process formation and
improve instream habitat complexity. The project will
enhance riparian conditions by planting conifers and
creating off-channel wetland connections to the
stream, especially the pastured wetland to the south of
Southeast 424th Street. The project also would fence
areas adjacent to the stream to exclude livestock and
protect riparian vegetation.

Big Spring Creek showing lack of mature native trees and
shrubs. Photo courtesy of U.S. Army Corps of Engineers.

LINKAGES

This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features
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Project MG-8:
Newaukum Creek Mouth Restoration Between Creek Miles 0.0 and 4.3 (Both Banks)

Project Description
This project has two components: 1) placing large
woody debris and planting native trees along the lower
4.3 miles of the creek, and 2) reconfiguring the lower
1,800 feet of the creek near the mouth.
In the first component, large woody debris would be
strategically placed along the length of this reach, with
a goal of approximately 500 pieces of large woody
debris per stream mile. Large woody debris would be
sized to the stream, flows, and gradient. Within 200 feet
of each bank, underplant conifer trees among existing
deciduous trees to serve as a source for future large
woody debris recruitment. Approximately 400 trees per
acre would be planted. The project would control
invasive species, especially Japanese knotweed (small
infestations) along this reach.

Newaukum Creek at the confluence with the Green River, just
downstream of the project area. May 2005 photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
• Preserving and restoring spawning and rearing habitat in
lower Newaukum and Soos Creeks (MG-4)
Habitat Management Strategies
• Restore riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Restore stream processes to create better functioning
spawning and rearing tributary habitat

In the second component, in the lower 1,800 feet of
Newaukum Creek, an in-channel project would restore
channel and floodplain conditions by restoring a
historic meander, setting back a berm, and naturalizing the floodplain area to allow the creek to be more
mobile, form deep pools, and help establish a variety
of diverse habitats.
The project would also include the following:

• Reconnect an historical side channel (Plemmons
Meanders) to Newaukum Creek and install large
woody debris and boulder debris jams; and

• Place large woody debris into key positions in
Newaukum Creek in a three mile stretch above the
Whitney Hill Bridge stream crossing.
Opportunities and Constraints
• This reach is actively used by Chinook for spawning and rearing.
• This project depends on identifying suitable
properties and landowners willing to participate
in restoration.
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Project MG-9:
Lones Levee Removal near RM 38 (Right Bank)

Project Description
The goal of this project is to restore natural channel
migration processes, consistent with current flow
regimes of the Green River, by removing Lones Levee at
river mile 38, right bank. With the levee removal, the
Green River would be allowed to re-occupy and reset
old meander bends and channel migration zones,
improving the diversity of habitat for salmonids and
other species.
The project would be implemented through the
following activities:
• Remove Lones Levee to match the existing ground
elevations;
• Construct a setback revetment/levee on the
terrace just above the old meander bend to protect
private property from potential channel migration;

Lones Levee, looking downstream. Some large trees grow on the
levee. Burns Creek flows in from right. September 2002 photo.

• Realign lower Burns Creek, if needed;
• Install engineered log jams and large woody debris
near the upper end of the levee removal area and
within the old meander bend/channel-migration
zone; and
• Remove the existing access road that crosses the
old meander bend.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• Remaining farm land behind the site would need
to be protected from erosion.
• Easements for project construction currently exist
for this property.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Allowing natural disturbance type flows in unconstrained
river channels (All-4)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
• Protecting and restoring natural sediment recruitment
(MG-3)
Habitat Management Strategies
• Restore lateral channel migration
• Restore stream processes to create better functioning
spawning and rearing tributary habitat
• Restore natural cycle of succession and plant diversity of
riparian areas
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Project MG-10:
Burns Creek Rehabilitation at RM 38 (Right Bank)

Project Description

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and improving access to tributaries (All-3)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Restore tributary access
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines

The project goal is to enhance salmonid habitat in
Burns Creek while reducing property damage associated with flooding and filling of the channel with fine
sediments from an adjacent landslide.
The project would improve riparian vegetation,
increase in-stream habitat complexity, provide additional riparian cover, and manage fine silt through the
following actions:
• Planting native riparian vegetation;
• Installing large woody debris;
• Fencing to prevent livestock access to the creek
and riparian areas;
• Removing invasive plant species; and
• Removing fine sediment.
At present, the creek, impacted by a slope failure (Bell
Ravine), is deficient in habitat diversity, in-stream
woody debris, riparian vegetation, and spawning
gravels. Pools and spawning gravels have filled with
sand and the dredging of these sediments to maintain
driveways crossing the creek has taken place.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.

• Controls of the slide are unknown.
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Project MG-11:
Turley Levee Setback at RM 37 (Right Bank)

Project Description
The goal of this project is to reconnect the floodplain
area of the Green River allowing natural processes to
be re-established including creation of side channel
habitat.
This project would allow the river to re-establish
access to over 1,300 feet of additional river edge and
allow it to create additional side channel and main
channel habitat at river mile 37, right bank. The project
would add native vegetation and place large woody
debris.
The project requires the construction of setback levees
to protect the existing farmland and hard points to
protect properties behind the site from erosion.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features

This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• Remaining farm land behind the site would need
to be protected from erosion.
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.
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Project MG-12:
Levee Setback to Reconnect Floodplain and Allow Channel Migration near RM 36-35.3
(Right Bank)
Project Description
This project would remove a levee to reconnect the
floodplain and allow channel migration. A revetment
would be constructed at the edge of the project area to
protect against undesired erosion. The project would
remove Japanese knotweed and revegetate riparian
areas.
This project is part the Middle Green River “Blueprint”
proposed by King County.
Opportunities and Constraints
Project area shown in center of photo to left of river bend. SE
Green Valley Road runs through center of photo. July 2004 photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Allowing natural disturbance type flows in unconstrained
river channels (All-4)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
• Protecting and restoring natural sediment recruitment
(MG-3)
• Maintaining regional groundwater recharge and base
flows to the mainstem Green River (MG-5)

• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.
• A portion of this project would occur on land
enrolled in the Farmland Preservation Program
and thus may be constrained.
• This project would need to ensure protection of
adjacent property and road as part of the levee
setback.

Habitat Management Strategies
• Restore areas with some functioning off-channel habitat;
restore lateral channel migration to create off-channel
habitat
• Restore lateral channel migration to recruit sediments
• Restore natural cycle of succession and plant diversity of
riparian areas
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Project MG-13:
Hamakami Levee Breach at RM 36 (Right Bank)

Project Description
The goal of this project is to re-connect the floodplain
of an existing forested wetland to the river, providing
refuge and rearing for salmonid species.
This project would enhance the forested wetland by
connecting it with inflow and outlet channels and
providing off-channel habitat, which would significantly enhance fish usage of this site. Large woody
debris placement in the channels and wetland may be
phased following the stabilization of sediment input
and the establishment of a coniferous riparian cover.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features
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Project MG-14:
Kaech Side Channel Rehabilitation at RM 35 (Right Bank)

Project Description
LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features

The goal of this project is to re-habilitate natural
processes by re-connecting side channel and wetland
refuge and rearing habitat to the river.
This project would enhance the side channel corridor
at river mile 35, right bank, by planting and fencing a
native plant riparian area. The project would include a
log and rock weir that would allow fish passage at all
elevations and maintain a constant pond level.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.
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Project MG-15:
Neely and Porter Levees Setback and Floodplain Reconnection Between RM 35.5 and
34.5 (Left Bank)
Project Description

LINKAGES

This project would set back Neely and Porter Levees
between river miles 35.5 and 34.5 (left bank) to reconnect the river to its floodplain and allow channel
migration and the conduct of related restoration. This
project would also include the addition of logjams and
other large woody debris, removal of Japanese knotweed and other invasive species, and planting of
riparian revegetation.
Benefits of the project include improved floodplain
connection, better access to side channel habitat, and
enhanced productivity and spatial structure for
Chinook spawning and rearing.
This project is part of the Middle Green River “Blueprint” proposed by King County.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Allowing natural disturbance type flows in unconstrained
river channels (All-4)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
Habitat Management Strategies
• Restore areas with some functioning off-channel habitat;
restore lateral channel migration to create off-channel
habitat
• Restore lateral channel migration to recruit sediments
• Restore natural cycle of succession and plant diversity of
riparian areas

Opportunities and Constraints
• This project would need to ensure protection of
the adjacent property and road as part of the levee
setback.
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.
• A portion of this project could occur on land
enrolled in the Farmland Preservation Program,
which could partially constrain the extent of
project.
• Project involves replacing the Neely bridge with a
wider span and lowering the elevation of terraces
that constrain channel migration downstream of
the bridge.
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Project MG-16:
Ray Creek Restoration at RM 34.2 (Right Bank)

Project Description
This project would enhance the stream corridor
throughout the entire length of Ray Creek with plantings of native vegetation, control of invasive plant
species, fencing of livestock from riparian areas,
creation and re-establishment of connections to offchannel habitats for salmonids, and removal of the fine
sediments and pollutants from the stream. Ray Creek
is a small tributary to the Green River.
These actions would reduce sediment impacts, improve water quality, and connect additional wetland
habitat to the stream.
Middle Green River near the confluence with Ray Creek, which
flows in from the right. May 2005 photo.

This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and improving access to tributaries (All-3)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)

• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.

Habitat Management Strategies
• Restore tributary access
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute ecological processes with habitat features
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
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Project MG-17:
Porter Levee Setback and Floodplain Reconnection Near RM 34 (Left Bank)

Project Description
Remove the existing training levee and set back the
levee to the toe of the Southeast Green River Valley
Road. The river adjacent to the levee currently provides
excellent spawning habitat for Chinook. The project
site behind the breached training levee is routinely
flooded in the spring and provides refuge from high
flows for multiple species in an old slough that was
recently reconnected to the river. The site also provides
over-wintering habitat for juveniles.
This project would reconnect 45 acres of floodplain;
large woody debris placement and riparian plantings
could be part of the project.
This is a Green/Duwamish Ecosystem Restoration
Project.

Porter Levee project showing the old slough that is periodically
inundated. The training levee is behind the trees to the left. April
2000 photo.

Opportunities and Constraints
LINKAGES

• The property is in public ownership.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Allowing natural disturbance type flows in unconstrained
river channels (All-4)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
• Protecting and restoring natural sediment recruitment
(MG-3)
Habitat Management Strategies
• Restore lateral channel migration
• Restore stream processes to create better functioning
spawning and rearing tributary habitat
• Restore natural cycle of succession and plant diversity of
riparian areas
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Project MG-18:
Setback and Removal of Fenster and Pautzke Levees to Reconnect the Floodplain and
Allow Channel Migration near RM 32 (Left Bank)
Project Description
This project would remove levees, lower the elevation
of terraces, and construct engineered logjams to
reinstate floodplain connectivity and channel migration. The project would restore relic side-channels and
reconnect them to the river and off-channel sloughs.
The project also would remove Japanese knotweed and
other invasives and revegetate riparian and floodplain
areas with native plants.
This project is part the Middle Green River “Blueprint”
proposed by King County and a Green/Duwamish
Ecosystem Restoration Project.
Green River just upstream from Pautzke Levee showing major log
jam. April 2004 photo.

Opportunities and Constraints
• The property affected by levee removal is publicly
owned by King County and the City of Auburn.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Allowing natural disturbance type flows in unconstrained
river channels (All-4)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
• Protecting and restoring natural sediment recruitment
(MG-3)
Habitat Management Strategies
• Restore lateral channel migration
• Restore areas with some functioning off-channel habitat;
restore lateral channel migration to create off-channel
habitat
• Restore lateral channel migration to recruit sediments
• Restore natural cycle of succession and plant diversity of
riparian areas

Page 7-50
Green/Duwamish and Central Puget Sound Watershed Salmon Habitat Plan—August 2005

Project MG-19:
Protection of Functioning Habitat along the Middle Green River Mainstem

Project Description
Seven locations in the Middle Green River
Subwatershed were identified as priority areas to
protect currently functioning habitat. These locations
consist of multiple parcels of riverfront, streamfront,
floodplain, and upland and tributary properties, and
the areas range in size from 46 to over 200 acres.
Protection of these habitats could occur through
acquisition, conservation easements, or through tax
incentive programs. Alternative protection measures
could include education and informational workshops
for interested property owners.
Habitat protection efforts are intended to protect high quality
riparian habitat like this shown here near Flaming Geyser State Park.
May 2005 photo.

The seven locations of high value habitat to be protected are:
• Kanaskat (river miles 60 to 58) parcels totaling 46
acres;
• Green River Gorge additions (river miles 55 to 45)
riverfront parcels totaling 164 acres;
• Green River Natural Area additions (river miles 40
to 35) totaling 228 acres;
• Lower Newaukum Creek (creek miles 0 to 4)
streamfront parcels totaling 200 acres;
• Middle Newaukum Creek (creek miles 4 to 8.5)
streamfront/aquatic (wetland) parcels totaling 100
acres;
• Lower Soos Creek (creek miles 1 to 3) undeveloped
floodplain properties totaling 44 acres; and
• Lower Green River Valley (river miles 35 to 32)
floodplain and upland tributary property totaling
65 acres.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (MG-1)
• Protecting and restoring natural sediment recruitment
(MG-3)
• Preserving and restoring spawning and rearing habitat in
lower Newaukum and Soos Creeks (MG-4)
Maintaining regional groundwater recharge and base
flows to the mainstem Green River (MG-5)
Habitat Management Strategies
• Protect areas with functioning mainstem, tributary, and offchannel habitats for spawning and rearing
• Protect areas where the river is exhibiting natural rates of
channel migration and contains habitat complexity
• Protect areas where sediment recruitment are currently
functioning
• Protect functioning riparian areas and plant diversity
• Protect cool clean water from surface and groundwater
sources

Page 7-51
Green/Duwamish and Central Puget Sound Watershed Salmon Habitat Plan—August 2005

Page 7-52
Green/Duwamish and Central Puget Sound Watershed Salmon Habitat Plan—August 2005

RECOMMENDED POLICIES AND ACTIONS FOR THE LOWER GREEN RIVER SUBWATERSHED

T

he Lower Green
River
Subwatershed
contains a mix of
industrial, commercial, and residential land
uses as is shown here in
Kent. A limited amount of
agriculture also remains.
The levee-confined Green
River flows through it. July
2004 photo.

tributaries is degraded, streams are
channelized, and nonnative plant species
have invaded. Virtually the entire
subwatershed is in the
Urban Growth Area. (See
Chapter 4 for a more
detailed description of
conditions in the Lower
Green River
Subwatershed.)

The Lower Green River
Subwatershed begins at
The following portfolio of
river mile 32 near Auburn
polices and actions is
and extends 21 miles to
designed to:
river mile 11 in Tukwila.
• Protect and restore
The diversions of the White
habitat that provides
River and the Cedar/Black
refugia (particularly side
River from the Green River
channels, off channels,
have had a major effect on
and tributary access)
flows in the Lower Green.
The Lower Green River Subwatershed contains a mix of industrial,
and habitat complexity
Diminished instream flow
commercial, and residential land uses as is shown here in Kent. A
(particularly pools) for
levels, limitation of offlimited amount of agriculture also remains. The levee-confined
juvenile salmon over a
channel refuge habitat, and Green River flows through it. July 2004 photo.
range of flow conditions
loss of sediment recruitand at a variety of locations (e.g., mainstem
ment are key concerns. The Lower Green River
channel edge, river bends, and tributary
Subwatershed is important for juvenile rearing but
mouths);
flood-control levees, water diversions, and urbanization have reduced the amount of habitat available to salmon in the subwatershed, particularly in
terms of off-channel refuge habitats. Some spawning habitat exists in the upper portions of the
mainstem above river mile 25. The subwatershed
contains three major tributaries – Springbrook
Creek, Mullen Slough, and Mill Creek – and a
number of smaller creeks. Water quality in the

• Enhance natural sediment recruitment (particularly spawning gravels) by reconnecting sediment sources to the river;
• Preserve and maintain groundwater inflow from
historical White River channel in Auburn; and
• Modify the Black River Pump Station to improve
fish passage (a study of fish passage improvements is included in Volume II: Appendix J,
Section J.5).

POLICIES

PROJECTS
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Policy LG1:

In the Lower Green River, every opportunity should be taken to set back levees and revetments to the maximum extent practicable. Habitat rehabilitation within the Lower Green River corridor should be included in all
new developments and re-developments that occur within 200 feet of the river.

Project LG-1:
Riverside Estates Side Channel Rehabilitation at RM 28.8 (Left Bank)

Project Description
LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and improving access to tributaries (All-3)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Restore tributary access
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features

This project would re-establish side channel habitat to
provide summer rearing habitat and winter refuge
while maintaining the existing level of flood protection.
The project would create a groundwater collection
pond at the head of the side channel to provide water
for low summer flows, replace the existing flap-gated
culvert with a new self-regulating tidegate, and connect the collection pond with the mainstem of the
Green River with a new channel between the pond and
the new tidegate. The new channel would be approximately 1,500 feet in length and constructed to permit
conveyance of approximately 1-2 cubic feet per second
during low flow conditions.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.
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Project LG-2:
Olson Creek Restoration at RM 28.5 (Right Bank)

Project Description
This project would improve access to the Olson Creek
tributary from the Green River, restore tributary
habitat, restore natural habitat-creating processes, and
provide summer and winter rearing and refuge habitat
for salmonid species.
The project would remove excessive sediment from the
creek, creating a two-stage channel that provides
additional stream depth during low flow conditions.
The culvert located under Green River Road would be
evaluated and replaced if necessary. Excessive sediment in the channel appears to be from a major storm
event that has not re-occurred recently.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• Flows during the summer are colder than the
Green River and considered high quality.
• The failure of an upstream culvert and erosion
from the area has caused sediment laden pools,
reducing the quality of salmonid habitat and the
transport capacity in the reach.

Olson Creek looking downstream to one of the
historical buildings on the Auburn Park property.
Photo courtesy of U.S. Army Corps of Engineers.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and improving access to tributaries (All-3)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Restore tributary access by removing fish passage barriers
and modifying tributary mouth configuration
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Rehabilitate hydrologic processes to maintain adequate
instream flow to provide access to tributaries
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Project LG-3:
Horsehead Bend Off-Channel Habitat Restoration at RM 26 (Left Bank)

Project Description
This project would excavate an off-channel habitat
through a terrace in a manner that would avoid
potential fish stranding. The channel would be approximately 950 linear feet in length and would follow
the old river channel, terminating at a depression
located on the east side of the terrace. The project also
would rehabilitate floodplain wetland habitat, plant
native riparian vegetation, and add large woody debris.

Aerial view of Horsehead Bend. Photo courtesy of U.S. Army Corps
of Engineers.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features

This project is one of three separate but related
projects in the Horsehead Bend/Horseneck area (see
LG-4 and LG-5). The further development and implementation of one or more of these projects will require
additional discussion among King County land managers because the Horsehead Bend and Horseneck
parcels are managed for different purposes. Future
discussion will identify the best ways to manage the
two properties to meet four goals: restoring salmon
habitat, preserving the agricultural land base, meeting
recreational land uses (by extending the Green River
Trail), and providing for flood protection.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• Deed restrictions on the Horsehead Bend property, limiting its use to outdoor recreation, would
need to be accommodated in order to increase
salmon habitat as an additional use.
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Project LG-4:
Horseneck Off-Channel Habitat Restoration at RM 25.9 (Left Bank)

Project Description
This project would excavate backwater off-channel
flood refugium to create juvenile salmonid rearing
habitat, restore floodplain wetland habitat, add large
woody debris, and plant native wetland and riparian
vegetation at the Horsehead/Horseneck site.
This project is one of three separate but related
projects in the Horsehead Bend/Horseneck area (see
LG-3 and LG-5). The further development and implementation of one or more of these projects will require
further discussion among King County land managers
because the Horsehead Bend and Horseneck parcels
are managed for different purposes. Future discussion
will identify the best ways to manage the two properties to meet four goals: restoring salmon habitat,
preserving the agricultural land base, meeting recreational land uses (by extending the Green River Trail),
and providing for flood protection.

Horsehead Bend, looking northwest toward Kent. Project area is in
center of photo where “horse’s jaw” meets the “horse’s neck.” August
2004 photo.

LINKAGES
This project is adjacent to Green/Duwamish Ecosystem Restoration Project sites (LG-3 and LG-5).
Opportunities and Constraints
• Deed restrictions on the Horseneck property,
limiting its use to agriculture as a Farmland
Preservation Property, would need to be accommodated in order to increase salmon habitat as an
additional use.
• Salmon habitat restoration may provide an
opportunity to improve drainage on adjacent
farmland.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features
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Project LG-5:
Northeast Auburn Creek Rehabilitation at RM 25.6 (Left Bank)

Project Description
The project would provide juvenile fish access to
rearing and refuge habitat within Northeast Auburn
Creek. The project would eliminate the existing
flapgate/culvert and improve the tributary by increasing creek habitat diversity. A bridge would be installed
to maintain access across the channel. The project also
would rehabilitate floodplain wetland habitat, plant
native riparian vegetation, and add large woody debris.
The riparian planting zone should extend 50 feet, or as
wide as possible, on both sides of the channel.

Aerial view of NE Auburn Creek confluence with the Green, looking
southwest. Photo courtesy of U.S. Army Corps of Engineers.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)

This project is one of three separate but related
projects in the Horsehead Bend/Horseneck area (see
LG-3 and LG-4). The further development and implementation of one or more of these projects will require
additional discussion among King County land managers because the Horsehead Bend and Horseneck
parcels are managed for different purposes. Future
discussion will identify the best ways to manage the
two properties to meet four goals: restoring salmon
habitat, preserving the agricultural land base, meeting
recreational land uses (by extending the Green River
Trail), and providing for flood protection.

• Protecting and improving riparian vegetation (All-2)
• Protecting and improving access to tributaries (All-3)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Restore tributary access
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines

This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• The riparian corridor of NE Auburn Creek is
dominated by cottonwood for about 2,000 feet
immediately above the existing flap-gated culvert,
providing healthy habitat once fish access is
restored.
• Upstream of the cottonwood, the riparian vegetation is dominated by a monoculture of invasive
Himalayan blackberry.

• Substitute ecological processes with habitat features

Page 7-60
Green/Duwamish and Central Puget Sound Watershed Salmon Habitat Plan—August 2005

Project LG-6:
Acquisition, Revetment Setback, Floodplain Wetland Restoration and Off-Channel
Habitat Rehabilitation Between RM 25.1 and 24.3 (Left Bank)

Project Description

LINKAGES

Acquire and remove auto wrecking yards to create
space for a habitat rehabilitation project. Proposed
actions include removing contaminated soils, resloping an over-steepened revetment segment along
78th Avenue S. to create a low bench, restoring a
floodplain wetland, excavating an off-channel flood
refugium for juvenile salmonid rearing habitat, installing large woody debris, and planting native wetland
and riparian vegetation.
Opportunities and Constraints
• This project depends on voluntary sale by the
landowner. This property is believed to have
significant soil contamination that would have to
be remediated.

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features
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Project LG-7:
Lower Mill Creek, Riverview (Formerly Green River) Park, Hawley Road Levee, and Lower Mullen
Slough Restoration Between RM 24 and 21.3 (Both Banks)

Project Description
This suite of projects would be coordinated on lands
that are adjacent and/or share a floodplain. The goals
and nature of the projects are similar.
Overall goals are to restore habitat along the mainstem
and lower sections of Mill Creek and Mullen Slough by:
• Creating off-channel habitat for rearing and flood
refugia and over-wintering habitat;
• Reconnecting mainstem and tributaries with
portions of the floodplain;
• Setting back levees to improve bank conditions
and create shallow water vegetated benches;
• Installing anchored large woody debris; and
• Controlling invasive plant species and planting
with native plants.

These projects are being coordinated by the City of
Kent, King County, and the U.S. Army Corps of Engineers. Sub-projects include:
• Lower Mill Creek Floodplain Wetland and OffChannel Habitat Rehabilitation: This project
includes restoration of the lower 0.3 miles of Mill
Creek and adjacent segments of the currently
armored riverbank. The project would include
excavation of off-channel habitat on the right
bank of Mill Creek and reshaping the stream
banks and the mainstem left bank of the Green
River. This would create a more complex channel
and aquatic edge habitat that includes off-channel
habitat and large woody debris. This project would
create nine acres of off-channel and riparian
habitat adjacent to lower Mill Creek and restore
approximately 1,600 lineal feet of lower Mill Creek
• Riverview (Formerly Green River) Park: This
project is located opposite from the mouth of Mill
Creek, on the right bank of the Green River. The
project would provide summer rearing habitat and
high flow winter refuge through excavation of an
off channel area combined with placement of
large woody debris and revegetation. Land is in
public ownership and belongs to the City of Kent.
This is a Green/Duwamish Ecosystem Restoration
Project.

View from Riverview Park of Mill Creek confluence with the Green
River. April 2004 photo.

• Hawley Revetment: This project would to set back
the over-steepened Hawley Revetment between
river miles 23.5 and 23.3, in order to achieve a
more stable slope angle, create a low, vegetated
bench, and allow the placement of large woody
debris. Land is in public ownership and is immediately downstream of Riverview Park.
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• Lower Mullen Slough (also known as Prentice
Nursery Reach of Mullen Slough) at RM 21.4 (Left
Bank): This project would improve fish passage
and create a natural habitat for rearing and refuge
from high flows in the Green River mainstem. This
project would restore the mouth of Mullen Slough
and connect with a nearby pond, creating a new
flatter-gradient meandering outlet for the pond.
Actions include improving the channel to eliminate a summer low flow fish passage blockage,
clearing the site of junk and Himalayan blackberry, planting riparian vegetation, placement of
large woody debris, and construction of channel
branches (dendrites) for improved flow and
diversity. This is a Green/Duwamish Ecosystem
Restoration Project.
• Mullen Slough (Slough Mile 1.8-0.3): This project
would create a natural habitat for rearing and
refuge from high flows in the Green River
mainstem. Restoration along the slough would
include channel meandering, large woody debris
placement, and riparian plantings. This project
site is upstream from the Prentice Nursery Reach
project (previous sub-project) and includes about
90 acres from Highway 516 to the head of the
slough. This is a Green/Duwamish Ecosystem
Restoration Project.
• Lower Mill Creek Future Project: The City of Kent
has proposed an additional setback of the levee
near the mouth of Mill Creek and four acres of
riparian planting.
Opportunities and Constraints
• Although much of the property is presently in
public ownership, additional parcels may be
needed and may have agricultural constraints.
However, in several instances landowners already
have expressed a willingness to sell.
• The river has down-cut over the years and the offchannel excavation will be extensive.

Area of Riverview Park that would be location for constructed offchannel habitat. Project would connect to the Green River beyond
the line of cottonwood trees. September 2002 photo.
LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and improving access to tributaries (All-3)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Restore tributary access by removing fish passage barriers
and modifying tributary mouth configuration
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate off-channel habitat by reconnecting habitats to
the mainstem
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Rehabilitate remaining wetlands adjacent to mainstem
channel
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features
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Project LG-8:
Schuler Brothers Reach Rehabilitation on Mill Creek Between Creek Miles 0.3 and 2.1

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features

Project Description
This project would improve about 90 acres along Mill
Creek. Habitat improvements would increase channel
diversity, add large woody debris and native vegetation
in the riparian corridor, and construct channel
branches (dendrites) along the stream corridor.
This project is in response to high temperatures, poor
water quality, and low dissolved oxygen levels that
have been a detriment to the survival and rearing of
fish in Mill Creek and have probably caused the death
of fry spawned in Peasley Canyon
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.
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Project LG-9:
Rosso Nursery Off-Channel Rehabilitation and Riparian Restoration Between RM 20.8 and
20 (Left Bank)
Project Description
This project would rehabilitate habitat at the Rosso
Nursery site between river miles 20.8 and 20.0 by
constructing an outlet at RM 20.1. Actions would
include removing fill, excavating off-channel flood
refugium for juvenile rearing habitat, and planting
native wetland and riparian vegetation.
Opportunities and Constraints
• The City of Kent received a Salmon Recovery
Funding Board grant to acquire the site but does
not have a specific proposal for salmon habitat
rehabilitation.

View across the Green River toward the Rosso Nursery site.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate off-channel habitat by reconnecting habitats to
the mainstem
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat feature
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Project LG-10:
Mainstem Maintenance (including the Boeing Levee Setback and Habitat Rehabilitation)
Between RM 20.5 and 16.3
Sub-projects include:

Project Description
This project would improve fish habitat along the
Lower Green River while providing stable bank and
levee conditions to protect significant human
infrastructure and development. These projects are
being coordinated by local jurisdictions, the Green
River Flood Control Zone District, and the U.S. Army
Corps of Engineers.
The majority of the banks in this portion of the river
have been hardened and trees and other fish friendly
features have been removed to make the river flow
without impediment. Riprap or rock bank protections
have reduced fish habitat along this stretch of the river.

• Boeing Setback and Restoration Between RM 18
and 17.1 (Right Bank):
Set back the Boeing Levee between river miles 18
and 17.1, right bank, to enable extensive habitat
rehabilitation. Actions include reshaping the
bankline between the upstream end of the Christian Brothers Revetment and South 212th Street,
widening the channel cross-section, restoring
channel complexity and meanders, creating a twostage channel, excavating low benches and
alcoves, installing large woody debris, and planting native riparian vegetation. The proposed
project is within City of Kent open space, which
has a 200-foot buffer with restricted development.
• Carrot Patch Setback and Restoration:
Implement fish friendly, bio-engineered solutions
to levee maintenance problems. Set back the levee
to enable habitat rehabilitation, including reshaping the bankline, widening the channel crosssection, restoring channel complexity and meanders, excavating low benches and installing large
woody debris, and planting native riparian
vegetation.
• Russell Road Upper, Lower and Lowest Setback
and Restorations:
Implement fish friendly, bio-engineered solutions
to levee maintenance problems. Set back the levee
to enable habitat rehabilitation, including reshaping the bankline, widening the channel crosssection, restoring channel complexity and meanders, excavating low benches and installing large
woody debris, and planting native riparian
vegetation.
These are Green/Duwamish Ecosystem Restoration
Projects.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.
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View north across the Green River looking toward the Boeing Levee
at river mile 17.6. April 2005 photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklinesSubstitute ecological processes with habitat
features
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Project LG-11:
Acquisition and Off-Channel Habitat Rehabilitation Between RM 17.3 and 16.0 (Left
Bank) and Between Creek Miles 0 and 0.5 of Johnson Creek
Project Description
Key actions for this project include excavation of a
flood refugium for juvenile salmonid rearing habitat,
realignment of the stream channel, improvement of
fish passage, restoration of the wetland complex,
placement of large woody debris, and planting of
native wetland and riparian vegetation.

Looking west toward the project area on the far side of the river.
Johnson Creek is the hockey-stick shaped corridor of darker
vegetation in the left third of the image. 200th St. crosses the
Green River near the center of the photo. July 2004 photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Improving tributary access (All-3)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)

Consideration should be given to seeking a voluntary
acquisition of river front easements, in combination
with a partnership and incentives for the property
owner, for additional off-channel habitat. The easements would make levee maintenance and improvements possible along this important reach of the river.
A portion of the property is listed as a Green/
Duwamish Ecosystem Restoration Project, identified
within the “Mainstem Maintenance” sites for significant levee repair and improvement.
Opportunities and Constraints
• A large development is proposed for this area and
is being considered for permitting as of 2005. This
property is subject to future annexation by the
City of Tukwila.

Habitat Management Strategies
• Restore tributary access by removing fish passage barriers
and modifying tributary mouth configuration
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate off-channel habitat by reconnecting habitats to
the mainstem
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Rehabilitate remaining wetlands adjacent to mainstem
channel
• Substitute ecological processes with habitat features
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Project LG-12:
Briscoe Off-Channel Habitat Rehabilitation Between RM 16.1 and 15.8 (Right Bank)

Project Description
Remove the armoring on the Briscoe meander shoreline, excavate flood refugium for juvenile salmonid
rearing habitat, install large woody debris, and plant
native riparian vegetation. An existing (landlocked)
levee on the eastern boundary of the park would
provide continued flood protection.
Opportunities and Constraints
• Permission and cooperation would have to be
gained from the City of Kent.
• Park use is relatively low but the impact of proposed changes is unknown. Access to the river
could be designed as an amenity for the remaining
park area.

Briscoe Park looking north. Bike trail to right is on existing, landlocked
levee. Portion of area to left would be excavated to create shallow
water refuge habitat. February 2005 photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features
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Project LG-13:
Acquisition, Levee Setback, and Habitat Rehabilitation Between RM 15.3 and 14.7
(Right Bank)
Project Description
Acquire additional right of way along the river-ward
edge of the business park parking lot between river
miles 15.3 and14.7 (right bank) set back the oversteepened levee, create bench habitat, install large
woody debris, and plant native riparian vegetation.
This project would extend downstream from a levee
setback project completed in the late 1990s.
Opportunities and Constraints

Desimone Levee setback of 1998-1999 showing students planting
nativetrees. This type of setback would be replicated just
downstream in the proposed project. July 2003 photo.

• Acquisition of right of way needed for this project
would require the agreement and cooperation of
the property owner(s).

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute ecological processes with habitat features
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Project LG-14:
Off Channel and Wetland Habitat Creation at RM 13.50-12.5 (Right Bank)

LINKAGES

Project Description
Create an engineered side-channel between river miles
13.5 and 12.5 (right bank), connecting and enhancing
approximately 10 acres of wetlands located between
the Union Pacific and BNSF Railway tracks. The project
would create approximately 24 acres of floodplain
access across seven parcels. It would be engineered to
have water in the channel from January to July, the
peak time of juvenile Chinook rearing and migration.
Opportunities and Constraints
• The side-channel would need to go underneath
the West Valley Highway, the South Longacres
Road, the I-405 Railroad Bridge and Union Pacific
Railroad tracks, and include a water control
structure at the inlet to meter the amount of water
allowed into the side-channel.
• Several of the parcels are currently in public
ownership.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate off-channel habitat by reconnecting habitat to
the mainstem
• Rehabilitate remaining wetlands adjacent to mainstem
channel
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute ecological processes with habitat features
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Project LG-15:
Off-Channel Habitat Rehabilitation Between RM 12.65 and 12.5 (Right Bank)

Project Description
Restore historical flood refugia and off-channel rearing
habitat on a riverside sheep pasture. Key actions
include excavating and reconnecting an abandoned
river channel segment, re-sloping the bankline of both
the river side channel and the adjacent levee, installing
instream and bench large woody debris, and planting
riparian vegetation.
Opportunities and Constraints

Lower Green River looking east. Project area extends to the right;
I-405 is on the left. February 2005 photo.

• The project area is also scheduled for an expansion of the I-405, including a possible off ramp,
and serve as a mitigation site.
• Property is owned by the City of Tukwila.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate off-channel habitat by reconnecting habitats to
the mainstem
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features
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Project LG-16:
Gilliam Creek Fish Passage Improvements and Riparian Rehabilitation at RM
12.5 (Left Bank)
Project Description
This project would eliminate fish passage barriers and
improve approximately 2,000 feet of Gilliam Creek to
provide for enhanced rearing and refuge habitat while
maintaining the current level of flood protection to the
area. The project would add a fish ladder and selfregulating tidegate to the existing creek outlet, which
currently consists of a flapgate and apron that prevent
fish passage. The project would widen Gilliam Creek
and add gravel, riparian vegetation, and large woody
debris, enhancing approximately 2,000 feet of the
Creek.
Project would remove the existing 9 foot flap gate at
Gilliam Creek confluence with the Green River. Photo
courtesy of U.S. Army Corps of Engineers.
Gilliam Creek drains approximately 1,900 acres. Its
upper basin, contained within the city of SeaTac, is
subject to poor water quality, erosion of the stream
banks, and siltation within the stream corridor. The
lower basin land use within the city of Tukwila is
predominantly commercial and high-density residential property with storm drainage directed to Gilliam
Creek.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.

Project would remove the existing nine-foot
flap gate at Gilliam Creek confluence with
the Green River. Photo courtesy of U.S. Army
Corps of Engineers.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and improving access to tributaries (All-3)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Restore tributary access by removing fish passage barriers
and modifying tributary mouth configuration
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute ecological processes with habitat features
• Substitute sediment recruitment by gravel supplementation
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Project LG-17:
Levee Setback Between RM 11.7 and 11.4 (Right Bank)

Project Description
Set back the Fort Dent levee to the maximum extent
possible to create a low vegetated bench between river
miles 11.7 to 11.4, right bank, without affecting the
existing soccer fields or trail. Plant native riparian
vegetation and add large woody debris along the toe of
slope and on the created bench.
This project would provide low velocity and/or shallow
water habitat for juvenile salmon.
Opportunities and Constraints
Lower Green River looking downstream at river mile 11.7. To
right is Fort Dent Park showing levee and possible bank set back
area. February 2005 photo.

LINKAGES

• Permission must be obtained by the City of
Tukwila, and implementers will need to work with
the company that manages the soccer complex on
this parcel to design this project in a way that
minimizes impacts on current park operations.
Sewer infrastructure may also present challenges
for implementation.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)
Habitat Management Strategies
• Rehabilitate existing banklines to create low velocity and/or
shallow water habitat during juvenile migration
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by placement of large
woody debris along banklines
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Project LG-18:
Black River Marsh at RM 11.0 (Right Bank)

Project Description
This project would improve the confluence of the
remnant Black River with the Green/Duwamish as an
emergent marsh, increasing nutrient productivity for
the surrounding system and improving access for
salmonid refuge and rearing.
The project is located along the lower Black River,
which empties into the Green River at river mile 11.0,
right bank. The project would remove about 200 cubic
yards of fill from the left bankline of the Black River at
the confluence with the Green just west of the railroad
tracks. This small area would then be planted with
appropriate native marsh vegetation and a few large
stumps with root wads would be placed to provide
cover. A 50 foot wide riparian buffer would be created
along the banks of the Black River from the Black River
Pump Station to the confluence.

Black River confluence with the Green/Duwamish. Black River is to
right. Railroad bridges are visible in the distance. February 2005
photo.

LINKAGES

This is a Green/Duwamish Ecosystem Restoration
Project.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank armoring and removing existing
armoring (All-6)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)

Opportunities and Constraints
• The site has significant infrastructure that will
make site rehabilitation challenging. Invasive
plant species now dominate the site.
• In 2005, volunteers organized by a Renton resident
began planting native trees and shrubs on the
south bank of the Black River just west of the Black
River Pump Station.

Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by creating new offchannel habitats and/or placement of large woody debris
along banklines
• Substitute ecological processes with habitat features
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Project LG-19:
Lower Springbrook Reach Rehabilitation at Creek Mile 1.0 (Both Banks)

Project Description
This project would rehabilitate habitat for rearing and
off-channel refuge on Springbrook Creek. Springbrook
Creek is a tributary to the Black River. Approximately
4,500 feet of Springbrook would be improved with
riparian plantings, large woody debris, pool construction, channel branch (dendrite) excavation, and, where
appropriate, modification to create a 2-stage (low- and
high-flow) channel.

Lower Springbrook Creek showing lack of native vegetation. Photo
courtesy of U.S. Army Corps of Engineers.

This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting and creating/restoring habitat that provides
refuge, habitat complexity (Low-1)

• Because Springbrook is spring fed, water quality is
generally good. Riparian vegetation is dominated
by invasive plants, however, which do not create
shade, refuge or instream diversity.
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.

Habitat Management Strategies
• Rehabilitate riparian areas by establishing suitable native
vegetation along banks of the mainstem and tributaries
• Substitute loss of slow water areas by placement of large
woody debris along banklines
• Substitute ecological processes with habitat features
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RECOMMENDED POLICIES AND ACTIONS FOR THE DUWAMISH ESTUARY SUBWATERSHED

Much of the Duwamish is heavily
industrialized and dramatically
reconfigured. The lower five miles
has been straightened, dredged,
and heavily armored. View looks
northwest from river mile 4.9
toward the South Park Bridge.
December 2003 photo.

habitat in the Duwamish – particularly
transition zone habitat — is a limiting habitat factor
for the Chinook populations of the watershed. (See
Chapter 4 for a more detailed description of conditions in the Duwamish Estuary Subwatershed.)

A

s the estuary for the Green River, the Duwamish
provides critical habitat for Chinook salmon.
Chinook, along with chum, are the salmonid species
most dependent on healthy estuarine habitat. The
Duwamish estuary begins at river mile 11, at the
confluence of the Black River remnant with the
Green River and extends down to Elliott Bay (river
mile 0 at the southwest corner of Harbor Island).
The Duwamish Estuary is the part of WRIA 9 most
dramatically transformed by the last 130 years of
development. The upper portion of the Duwamish –
above the Turning Basin at river mile 5.5 — has been
diked and reveted, while the lower Duwamish has
been extensively dredged and filled. The majority of
the Duwamish Estuary Subwatershed lies in the
cities of Seattle and Tukwila. Industrial (43%) and
residential (39%) development are the primary land
uses. The Duwamish is an economic powerhouse for
King County, home to 10% of the jobs in the county
while making up just 1% of the land area. As a result
of development and land use, the Duwamish has lost
97% of the habitat it provided 150 years ago. The
Duwamish also suffers from decades of industrial
pollution that have resulted in the lower five miles of
the river becoming a Superfund cleanup site. Scientific assessment work for this Plan suggests that this
loss, degradation, and fragmentation of estuarine
POLICIES

The following portfolio of policies and actions is
designed to:
• Expand and enhance the estuary, particularly
vegetated shallow subtidal and intertidal
habitats and brackish marshes, by restoring
dredged, armored, and filled areas;
• Enlarge the Duwamish estuarine transition zone
habitat by expanding the shallow water and
slow water areas;
• Protect and restore habitat that provides refugia
(particularly side channels, off channels, and
tributary access) and habitat complexity (particularly pools) for juvenile salmon over a range
of flow conditions and at a variety of locations
(e.g., mainstem channel edge, river bends, and
tributary mouths);
• Enhance natural sediment processes (transportdelivery);
• Protect and restore water quality (e.g., temperature, dissolved oxygen, metals and organics) by
addressing point and nonpoint (specifically
stormwater runoff) pollution sources; and
• Protect and improve sediment quality through
the Lower Duwamish Waterway Superfund
cleanup and other cleanup/control efforts.

PROGRAMS

PROJECTS
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Policy DU1:

Endorse the Comprehensive Environmental Response, Compensation, and
Liability Act (Superfund) assessment and cleanup of contaminated sediments in
the Lower Duwamish Waterway Superfund area by the responsible parties and
regulatory agencies because it will improve ecosystem health and increase the
quality of existing salmon habitat.

Policy DU2:

Encourage the Natural Resource Trustees to develop Natural Resources Damages Assessment (NRDA) approaches that allow habitat creation/restoration concurrent with Superfund cleanup of the Lower Duwamish
Waterway. This will accelerate the rate at which mitigation occurs and be more efficient.

Policy DU3:

Encourage businesses in the Lower Duwamish to address source control issues to minimize water pollution
and the potential for sediment contamination or re-contamination.

Policy DU4:
Encourage private property owners to participate in habitat restoration on their land.

Policy DU5:

Encourage the removal of derelict vessels.
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Program D-1:
Eliminate Perennial Pepperweed
Carry out a comprehensive cooperative weed control
effort to eliminate perennial pepperweed (Lepidium
latifolium), a Class B noxious weed, which has formed
a heavy infestation from upstream of North Wind’s
Weir (river mile 6.3) to Herring’s House Park (river mile
1.1). This weed grows well in intertidal and riprapped
areas. Pepperweed control is typically done by hand,
making control relatively expensive and time-consuming compared to control of other weeds. This program
would be carried out by the King County Noxious
Weeds Program in cooperation with public and private
landowners.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
Habitat Management Strategies
• Rehabilitate riparian areas in the entire subwatershed.
• Restore native riparian communities

Program D-2:
Eliminate Common Reed from SR 509 Intertidal Wetlands

Carry out a comprehensive cooperative weed program
to eliminate non-native common reed (Phragmites
australis) at the SR 509 Intertidal Wetlands site and
rehabilitate the existing restoration site. This highlyinvasive weed is localized at this point and could be
controlled at much lower cost than if it were to spread
throughout the Lower Duwamish.
Control options at this site could include excavating as
much of the common reed-infested area as possible, as
well as some of the existing upland habitat, much of
which is overrun with other invasive plants. This
excavation would slope the banks to a flatter slope
angle and create elevations suitable for mudflat and
emergent wetland habitats. Control of invasive weeds
in the upland areas would complement these actions.
This comprehensive approach would physically
remove a great deal of the common reed and create
conditions that favor the formation and maintenance
of more desirable habitat types.
This program would be carried out by the King County
Noxious Weeds Program in cooperation with the land
owners.

The SR 509 wetlands are almost completely filled with common
reed. February 2005 photo.

LINKAGES

Conservation Hypotheses Addressed
Protecting and improving riparian vegetation (All-2)
Habitat Management Strategies
Rehabilitate riparian areas in the entire subwatershed
Restore native riparian communities
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Program D-3:
Develop a Transition Zone Habitat “Blueprint”

Develop a “blueprint” for habitat restoration projects
in the Duwamish Estuary transition zone (Figure 4-1).
The boundary of the transition zone “blueprint”
should be initially determined using the results of the
Duwamish transition zone study that will be completed in 2005. Use results from this study and all other
relevant information to further identify and prioritize
restoration/rehabilitation/substitution projects –
including those listed in this Plan — for implementation.
The “blueprint” could incorporate the latest science
with information about willing land owners, economic
considerations, and overall feasibility and effectiveness
evaluations to identify the best locations for habitat
restoration/rehabilitation/substitution projects.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Enlarging the Duwamish River estuarine transition zone
habitat (Duw-3)
Habitat Management Strategies
• Restore intertidal mudflats (below RM 7) and channel edge
habitats (upstream of RM 7) to create low velocity and/or
shallow water habitat
• Substitute lost slow water/shallow areas, focusing actions at
the mouth of the Duwamish to River Mile 1, between River
Miles 2-5, and upstream of River Mile 5.5
• Rehabilitate riparian areas in the entire subwatershed

To the extent the transition zone encompasses Turning
Basin #3 and areas farther downstream, the “blueprint”
should be coordinated with Natural Resources Damages Assessment mitigation associated with the Lower
Duwamish Waterway Superfund cleanup.
Periodic refinement of the “blueprint” should take into
account any subsequent scientific findings on the
nature and extent of the transition zone.
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Program D-4:
Develop Improvements in Dredging/Sediment Use

Encourage the U.S. Army Corps of Engineers to
identify strategies for maintenance dredging at
Turning Basin #3 that:
• Minimize harmful impacts to salmon habitat in
the dredged area; and
• Improve salmon habitat both in the dredged area
and elsewhere in the Duwamish and Marine
Nearshore Subwatersheds (e.g., through the use of
clean dredged sediment to expand/improve
shallow water habitat).
Turning Basin, looking southeast from river mile 4.9. Biennial
dredging currently occurs in basin at upper right. December 2003
photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving sediment quality
Habitat Management Strategies
• Restore intertidal mudflats (below RM 7) and channel edge
habitats (upstream of RM 7) to create low velocity and/or
shallow water habitat at
• Restore sediment and riparian processes/ conditions that
influence shallow water habitat quality
• Rehabilitate sediment recruitment from both tidal and
riverine processes
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Project Duw-1:
Shallow Water Habitat Creation (15 Acres) at RM 11.0-7.0 (Both Banks)

Project Description
In river miles 11.0-7.0, create a minimum of 15 acres
of new off-channel shallow water/marsh habitat, with
associated riparian vegetation.
Because of the large size of this project, it may be
necessary to conduct it in phases and in multiple
locations (the 15 acres need not be contiguous).
The downstream limit of the project area may be
adjusted to match the upstream boundary of the
transition zone definition resulting from the
Duwamish transition zone study ending in 2005.
Opportunities and Constraints
• This project depends on identifying suitable
properties whose owners are willing to sell. Cost of
property in this area is high. Even doing the
project in phases and multiple locations may
require the simultaneous acquisition of several
adjacent parcels to create projects with adequate
habitat value and economies of scale.
The Duwamish at river mile 8.1. Tukwila Community
Center is to right. July 2004 photo.
LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and restoring side channels, off channel
habitat, tributary access, and pools (Duw-4)
Habitat Management Strategies
• Rehabilitate riparian areas in the entire subwatershed
• Substitute habitat features (e.g., large woody debris) to
stabilize banks, create slow water areas (e.g., pools upstream
of RM 6) and habitat complexity
• Substitute off-channel habitats through creation of wetlands
and sloughs
• Substitute lost slow water/shallow areas, focusing actions
at the mouth of the Duwamish to River Mile 1, between
River Miles 2-5, and upstream of River Mile 5.5
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Project Duw-2:
Shallow Water Habitat Creation and Bank Reshaping at RM 10.3-9.9 (Right Bank)

Project Description

LINKAGES

This project would create off-channel, shallow-water
refuge habitat on the inside of a meander at river miles
10.3 to 9.9, right bank. The project would acquire
property from the private landowner, if the company is
willing to sell, and remove existing structures. The
project would re-slope the rock-lined and
oversteepened bankline to create a low bench and
install large woody debris along the main river bank
and within a newly excavated sandy beach landward
from the bank line. Also included would be excavation
of shallow, off-channel habitat farther from the channel that would be inundated during winter and spring
river stages (about seven feet). The project would add
large woody debris in this excavated area and plant
with native riparian trees and shrubs to provide a flood
refuge and off-channel habitat for juvenile salmonids.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Protecting and restoring side channels, off channel
habitat, tributary access, and pools (Duw-4)
Habitat Management Strategies
• Rehabilitate riparian areas in the entire subwatershed
• Substitute habitat features (e.g., large woody debris) to
stabilize banks, create slow water areas (e.g., pools upstream
of RM 6) and habitat complexity
• Substitute off-channel habitats through creation of wetlands
and sloughs

Alternatively, the entire project area could be excavated to provide shallow water habitat that extends
nearly to the BNSF Railway embankment at the east
edge of the property.
Opportunities and Constraints
• This project depends on the business property
owner being willing to sell.
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Project Duw-3:
Bank Restoration and Revetment Set Back at RM 8.9-8.6; 8.4-8.2 (Left Bank)

Project Description
This project would reshape the revetment at Gateway
South at river miles 8.9-8.6 and 8.4-8.2, left bank. A
segment of the Green River Trail would be relocated
westward to allow reshaping of the revetment. The
project would place large woody debris and revegetate
the river bank with native riparian species.
Opportunities and Constraints

Green River Trail and parking lot that would be set back in
project area. River is to left. February 2005 photo.

• This project depends on voluntary participation
by commercial property landowners through
easement, sale, or other incentive to allow removal
of portions of several parking lots in order to set
back the trail.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
Habitat Management Strategies
• Substitute habitat features (e.g., large woody debris) to
stabilize banks, create slow water areas (e.g., pools upstream
of RM 6) and habitat complexity
• Rehabilitate riparian areas in the entire subwatershed
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Project Duw-4:
Wastewater Pipeline Crossing Retrofit at RM 8.0

Project Description
This project would determine the extent to which the
wastewater pipeline crossing at river mile 8.0 alters
salinity upstream. If reducing the profile of the pipeline crossing will produce significant benefits in terms
of extending the transition zone, the project would
retrofit the pipeline to lower its profile.
The King County Metro wastewater pipeline crossing
at this location during the 1990s was supposed to be
installed below the bed of the river. However, it was
installed at a higher elevation and armored with riprap,
which forms a rock berm that is partially exposed
when low tide coincides with late summer/early fall
minimum river flows. This barrier may alter upstream
water chemistry by limiting the movement of the salt
wedge upstream. It is unclear whether this limitation
occurs during the period of downstream juvenile
migration. The barrier may also pose a partial adult
fish passage migration barrier at certain river and tidal
stages; further study is needed to confirm whether this
also is an issue.
Opportunities and Constraints
• Retrofitting the wastewater pipeline would be a
major capital project. It could also require the
addition of a pumping station, which would create
greater capital costs and probably substantial ongoing operations and maintenance costs.

Riprap being placed over the pipeline during construction. Photo
courtesy of City of Tukwila.

LINKAGES

Conservation Hypotheses Addressed
• Fish passage generally and water quality in terms of
salinity
Habitat Management Strategies
• The functions and structure addressed by this action do not
directly address habitat management strategies specific to
the Duwamish Estuary Subwatershed
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Project Duw-5:
42nd Ave. S. Bank Restoration at RM 7.9-7.1 (Both Banks)

Project Description

Duwamish looking downstream from pedestrian bridge at river mile
7.6 toward northern part of project area. February 2005 photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
Habitat Management Strategies
• Rehabilitate riparian areas in the entire subwatershed
• Substitute habitat features (e.g., large woody debris) to
stabilize banks, create slow water areas (e.g., pools upstream
of RM 6) and habitat complexity

Work with the neighboring community to improve
riparian habitat conditions on the west side of 42nd Ave.
S. at river miles 7.9 to 7.3, right bank. Relocate the
water main that is presently located under the
riverward (west) edge of 42nd Avenue South to the
opposite (east) side of the street in order to allow
restoration of a more stable bank angle and/or excavation of low vegetated benches along the river. A midchannel island with old wooden pilings exists towards
the upstream end of the reach. Large woody debris
would be added to this island by chaining them to the
existing pilings and strategically placed anchor rocks.
In the northern (downstream portion of this reach),
unpaved parking areas at the top of the bank encroach
into the riparian corridor. This portion of the project
site could be fenced off with a guard rail and/or posted
by the City of Tukwila with “no parking” signs to
eliminate these impacts and allow the restoration of
vegetation (while still allowing pedestrian access to the
river).
A complementary project would consist of working
with willing property owners at river miles 7.6 to 7.1,
left bank, to restore riparian vegetation on residential
parcels. If a flat bank toe can be created along the
inside bend at river mile 7.3-7.2, it could possibly
support salt marsh vegetation.
Opportunities and Constraints
• Relocation of the water main would constitute a
major capital project.
• On the left bank, project depends on voluntary
participation of residential property owners.
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Project Duw-6:
S. 115th St. Bank Restoration and Revetment Setback at RM 7.2-6.9 (Right Bank)

Project Description
Reshape and revegetate the river bank along South
115th Street at river miles 7.2 to 6.9, right bank. Set back
the revetment where possible. The project would
include placement of large woody debris and planting
of native vegetation.

Further development of this project should include
consultation with neighbors who successfully advocated for public purchase of a portion of the project
site for a future park.
Opportunities and Constraints
• This project depends on voluntary participation
by a commercial property landowner through
easement, sale, or other incentive to allow set back
of South 115th St.
• The eastern portion of the project area is owned
by the City of Tukwila for use as a future park.

Looking upstream from East Marginal Way S. bridge to project
area. February 2005 photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
Habitat Management Strategies
• Rehabilitate riparian areas in the entire subwatershed
• Substitute habitat features (e.g., large woody debris) to
stabilize banks, create slow water areas (e.g., pools
upstream of RM 6) and habitat complexity
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Project Duw-7:
Shallow Water Habitat Creation (20 Acres) at RM 7.0-5.5 (Both Banks)

Project Description
At river miles 7.0-5.5, both banks, create a minimum of
20 acres of new off-channel shallow water/marsh
habitat with associated riparian vegetation.
Because of the large size of this project, it may be
necessary to conduct it in phases and in multiple
locations (the 20 acres need not be contiguous).
The upstream limit of the potential project area may
be revised based on the results of the Duwamish
transition zone study ending in 2005.
Seining to collect juvenile salmon migrants has confirmed
concentrated fish use in the Duwamish transition zone. Continued
study in 2005 will refine the boundaries of the transition zone. May
2005 photo.

LINKAGES

Conservation Hypotheses Addressed
• Expanding and enhancing vegetated shallow subtidal and
intertidal habitats and brackish marshes (Duw-1)
• Enlarging the Duwamish River estuarine transition zone
habitat (Duw-3)
Habitat Management Strategies
• Restore intertidal mudflats (below RM 7) and channel edge
habitats (upstream of RM 7) to create low velocity and/or
shallow water habitat
• Rehabilitate riparian areas in the entire
subwatershedSubstitute lost slow water/shallow areas,
focusing actions at the mouth of the Duwamish to River
Mile 1, between River Miles 2-5, and upstream of River
Mile 5.5

The 20 acres created in this area would be in addition
to acreage created by project Duw-10: North Wind’s
Weir.
An intermediary step prior to conducting this project
should be the development of a Transition
Zone’“blueprint” based on the boundaries identified
by the Duwamish transition zone study ending in 2005
(see Duwamish program D-3).
Opportunities and Constraints
• This project depends on identifying suitable
properties whose owners are willing to sell. Cost of
property in this area is high. Even doing the
project in phases and multiple locations may
require the simultaneous acquisition of several
adjacent parcels to create projects with adequate
habitat value and economies of scale.
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Project Duw-8:
Riverton Creek Habitat Rehabilitation and Fish Passage Improvement at RM 6.6
(Left Bank)
Project Description
Rehabilitate habitat within Riverton Creek and improve its connection to the Duwamish River to improve fish access and provide off-channel rearing and
refuge habitat.
This 3.4-acre site is along the lower section of Riverton
Creek where it meets the Duwamish at about river mile
6.6. The project includes installation of large woody
debris, removal of accumulated sediment, addition of
gravel, and revegetation with native riparian species.
In addition, a flapgate at the mouth would be replaced
with a self-regulating tidegate to allow normal tidal
flushing while reducing flooding on Riverton Creek
during high flows in the Duwamish.

Coho salmon in Riverton Creek. Photo courtesy of City of Tukwila.

This is a Green/Duwamish Ecosystem Restoration
Project.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving water quality (All-1)
• Protecting and improving riparian vegetation (All-2)
• Protecting and improving access to tributaries (All-3)

Opportunities and Constraints
• This project also will benefit coho salmon that
spawn in Riverton Creek.

Habitat Management Strategies
• Restore tributary access by removing fish passage barriers
and modifying tributary mouth configuration
• Rehabilitate riparian areas in the entire subwatershed
• Rehabilitate wetlands and sloughs where they currently
exist, including re-connecting those isolated from the river
channel or re-establishing wetlands/sloughs
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Project Duw-9:
Bank Restoration and Revetment Setback at RM 6.6-5.5 (Left Bank)

Project Description
Set back and restore the river bank at river miles 6.6 to
5.5, left bank. Revegetate the river banks with native
riparian species.
An intermediary step prior to conducting this project
should be the development of a Transition Zone
“blueprint” based on the boundaries identified by the
Duwamish transition zone study ending in 2005 (see
Duwamish program D-3).
Looking downstream to project area on the far (left) bank at river
mile 6.3. May 2005 photo.

LINKAGES

Opportunities and Constraints
• This project depends on voluntary participation
by a commercial property landowner(s) through
easement, sale, or other incentive to allow set back
of the river bank.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Enlarging the Duwamish River estuarine transition zone
habitat (Duw-3)
Habitat Management Strategies
• Rehabilitate riparian areas in the entire subwatershed
• Substitute habitat features (e.g., large woody debris) to
stabilize banks, create slow water areas (e.g., pools upstream
of RM 6) and habitat complexity
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Project Duw-10:
North Wind’s Weir Shallow Water Habitat Rehabilitation at RM 6.3 (Right Bank)

Project Description
Create two acres of off-channel, shallow water habitat
in the transition zone at North Wind’s Weir, river mile
6.3, right bank. Project includes excavation of two
acres of off-channel habitat and planting of native
riparian species.
Soil remediation is occurring in two phases:
• First phase for compliance was completed in 2004;
and
• Second phase for fish and wildlife habitat will be
completed in 2006, provided funding is available.
Soil remediation underway at project site. November 2004 photo.
This is a Green/Duwamish Ecosystem Restoration
Project.
Opportunities and Constraints

LINKAGES

• Land was purchased by local government partners
and has strong support from local government
leaders.
• First phase of soil remediation is completed.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Expanding and enhancing vegetated shallow subtidal and
intertidal habitats and brackish marshes (Duw-1)
• Enlarging the Duwamish River estuarine transition zone
habitat (Duw-3)
Habitat Management Strategies
• Restore intertidal mudflats (below RM 7) and channel edge
habitats (upstream of RM 7) to create low velocity and/or
shallow water habitat
• Rehabilitate riparian areas in the entire subwatershed
• Substitute lost slow water/shallow areas, focusing actions
at the mouth of the Duwamish to River Mile 1, between
River Miles 2-5, and upstream of River Mile 5.5
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Project Duw-11:
Shallow Water Habitat Creation (10 Acres) at RM 5.5-4.7 (Both Banks)

Project Description
At river miles 5.5-4.7, both banks, create a minimum
of 10 acres of new off-channel, shallow water/marsh
habitat.
Because of the large size of this project, it may be
necessary to conduct it in phases and in multiple
locations (the 10 acres need not be contiguous). One
possible site for consideration is the Hamm Creek/City
Light North property at river mile 5.2-4.9, left bank.

Turning Basin at river mile 5.3, looking north toward project area.
December 2003 photo.

LINKAGES

Conservation Hypotheses Addressed
• Expanding and enhancing vegetated shallow subtidal and
intertidal habitats and brackish marshes (Duw-1)
• Enlarging the Duwamish River estuarine transition zone
habitat (Duw-3)
Habitat Management Strategies
• Restore intertidal mudflats (below RM 7) and channel edge
habitats (upstream of RM 7) to create low velocity and/or
shallow water habitat
• Rehabilitate riparian areas in the entire subwatershed
• Substitute lost slow water/shallow areas, focusing actions
at the mouth of the Duwamish to River Mile 1, between
River Miles 2-5, and upstream of River Mile 5.5

The downstream limit of the potential project area
may be revised based on the results of the Duwamish
transition zone study ending in 2005.
An intermediary step prior to conducting this project
should be the development of a Transition Zone
“blueprint” based on the boundaries identified by the
Duwamish transition zone study ending in 2005 (see
Duwamish program D-3).
Opportunities and Constraints
• This project depends on identifying suitable
properties whose owners are willing to sell. Cost of
property in this area is high. Even doing the
project in phases and multiple locations may
require the simultaneous acquisition of several
adjacent parcels to create projects with adequate
habitat value and economies of scale.
• There may be opportunities to create/improve offchannel habitat in aquatic lands outside the
shipping channel, possibly in conjunction with
sediment cleanup efforts.
• Use of the Hamm Creek/City Light North property
depends on Seattle City Light agreeing to sell the
property and securing a suitable alternative site
for future substation or electrical generation
needs.
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Project Duw-12:
South Park Bank Restoration and Shallow Water Habitat Creation at RM 3.8-3.7
(Left Bank)

Project Description
Rehabilitate a series of small shallow-water habitats at
street ends to create two acres of shallow water and
riparian habitat and increase the shoreline from 1,450
feet to 2,225 feet. This two-phase project was
developed by local community groups in cooperation
with private property owners.
Opportunities and Constraints
• Residential property owners and neighbors helped
develop project, creating a high level of community support.
Left bank of the Duwamish in South Park showing “Duwamish
Revival” project area. February 2005 photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing new bank/shoreline armoring and fill and
removing existing armoring (All-6)
• Expanding and enhancing vegetated shallow subtidal and
intertidal habitats and brackish marshes (Duw-1)
Habitat Management Strategies
• Rehabilitate shorelines to provide shallow water along the
banks of the Duwamish River, particularly in the industrial/
commercial areas between RM 0-1, 2-5, and upstream of the
Turning Basin (RM 5.5)
• Rehabilitate riparian areas in the entire subwatershed
• Substitute lost slow water/shallow areas, focusing actions at
the mouth of the Duwamish to River Mile 1, between River
Miles 2-5, and upstream of River Mile 5.5
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Project Duw-13:
Kellogg Island Rehabilitation at RM 1.4-1.2

Project Description
Rehabilitate/reconfigure Kellogg Island and improve
riparian vegetation at river mile 1.4-1.2. Reshape
Kellogg Island to provide more off-channel and marsh
habitat by excavating some of the island to provide
more shallow water/intertidal area. Restoration
options range from scalping the entire island to recreating its historic profile to creating several lagoons.
Prior to 1965, the island provided some tidal marsh
habitat. Beginning in 1965-1966, dredge spoils were
deposited on the island and this continued until the
mid-1970s.
Kellogg Island in 1966 shortly after filling began. Log rafts
are moored around perimeter of island. Photo courtesy of
Port of Seattle.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Expanding and enhancing vegetated shallow subtidal and
intertidal habitats and brackish marshes (Duw-1)

Opportunities and Constraints
• Soil contamination may be an issue because the
island was built up with dredge spoils, presumably
from the Lower Duwamish Waterway.
• Kellogg Island is owned by the Port of Seattle,
which has no development plans for the site that
would preclude the project. The Port wishes to
maintain future control over decisions affecting its
land.

Habitat Management Strategies
• Rehabilitate riparian areas in the entire subwatershed
• Substitute lost slow water/shallow areas, focusing actions
at the mouth of the Duwamish to River Mile 1, between
River Miles 2-5, and upstream of River Mile 5.5
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RECOMMENDED POLICIES AND ACTIONS FOR THE MARINE NEARSHORE SUBWATERSHED

T

he Marine
Nearshore Subwatershed encompasses all the
WRIA 9 shorelines of Puget Sound and streams that
drain directly to Puget Sound. The mainland
portion stretches from West Point in Seattle to the
western boundary of the city of Federal Way. For
salmon habitat planning purposes, Vashon/Maury
Island is included in this subwatershed. Much of
the shoreline has been modified to accommodate
residential and commercial development. Residential (68%) and industrial (10%) development are the
primary land uses on the mainland portion of the
subwatershed. Residential development accounts
for 92% of the land use on Vashon/Maury Island.
Historic and current land use practices have
degraded nearshore habitats, interrupted habitatforming processes, degraded water and sediment
quality, decreased riparian functions, and introduced non-native species. Some 80% of the mainland shoreline and 50% of the Vashon/Maury Island
shoreline have some form of shoreline armoring
(combined average of 64% is armored). The
nearshore is critical to juvenile salmon for rearing,
refuge from predators, transitioning to salt water
habitats, and as a migration corridor to the Pacific
Ocean. In a recent study, juvenile Chinook from at
least 10 different Puget Sound stocks were identified in the marine waters of WRIA 9. Given that the
POLICIES

Duwamish Estuary is substantially degraded, it is likely
that nearshore habitats have taken on more importance for juvenile Chinook rearing than they would
have historically. (See Chapter 4 for a more detailed
description of conditions in the Marine Nearshore
Subwatershed.)
The following portfolio of policies and actions is
designed to:
• Protect, restore, or rehabilitate:
– Nearshore sediment transport processes by
reconnecting sediment sources and removing
shoreline armoring that impacts sediment
transport;
– Pocket estuaries (the mouths of smaller
salmon-bearing and non-salmon bearing
streams), lagoons, and spits; and
– Sediment quality, particularly in Elliott Bay;
• Protect and expand forage fish spawning areas by
maintaining/increasing high intertidal zone
access and maintaining/increasing the availability
of suitable substrate sizes; and
• Protect and increase the availability of vegetated
shallow nearshore and marsh habitats.
(Continued)

PROGRAMS

PROJECTS
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RECOMMENDED POLICIES AND ACTIONS FOR THE MARINE NEARSHORE SUBWATERSHED

The marine nearshore includes a number of pocket
estuaries, such as Judd Creek on Vashon Island, which
provide rearing habitat for juvenile salmonids. August 2004
photo.
While much is known about the ecology of the
marine nearshore, there is relatively less information about salmonid habitat needs and project
opportunities compared to the fresh water ecosystems in WRIA 9. At the time of publication of this
Plan, there were two efforts underway that were
expected to identify new projects and programs and
help prioritize implementation of all marine
nearshore actions, including those in this Plan.
These consisted of:
• “Inventory and Assessment of Current and
Historic Beach Feeding Sources/Erosion and
Accretion Areas for WRIAs 8 and 9”
(Johannessen and MacLennan 2005). This
assessment was scheduled for completed by
September 2005. In addition to classifying
shoreline segments according to their sediment
transport role, the study also will make habitat
protection and restoration recommendations
based on sediment transport processes.

POLICIES

• “Habitat Prioritization in Marine Nearshore Areas
in Support of Juvenile Salmonid Growth and
Survival in WRIA 9.” This project was scheduled
for completion by December 2005. This study will
incorporate geomorphic data from the
Johannessen and MacLennan assessment
(above), along with previously collected biological data to prioritize restoration and protection
actions throughout the marine nearshore.
The prioritization and implementation projects in the
marine nearshore in 2006 and beyond should incorporate the findings of these two studies. Future
updates to the Plan should fully integrate these
findings.

PROGRAMS

PROJECTS
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Policy NS1:

Encourage nearshore property owners to continue the replacement of creosote pilings and structures with
non-creosote alternatives as well as the removal of obsolete/abandoned facilities that contain significant
amounts of creosoted wood.

Policy NS2:

Encourage the Washington State Department of Ecology and the U.S. Coast Guard to update oil spill response
plans as new habitat or oceanographic data becomes available.

Policy NS3:

Support the implementation of the Miller/Walker and Salmon Creek Basin Plan by the Cities of Burien and
Normandy Park, King County, the Port of Seattle, and the Washington State Department of Transportation.

Policy NS4:

Encourage the fishery co-managers to consider the impacts on salmonids when establishing regulations for
the harvest of forage fish (Pacific herring, surf smelt, and sand lance) throughout the WRIA.

Policy NS5:
Encourage the removal of derelict vessels.

Policy NS6:

Actively feed beaches, where appropriate, with sediment where there is a lack of sediment due to interrupted
supply from bulkheads or other forms of shoreline armoring.
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Program N-1:
Promote Habitat Restoration on Private Property by Offering a “Toolbox” of Nearshore
Habitat Project Designs

This program would promote voluntary restoration on
private properties by creating a “toolbox” of stock or
model habitat designs/techniques that can be applied
to create needed habitats (e.g., removal of derelict
docks, revegetation with riparian vegetation). Attention would focus on promotion of restoration when
opportunities arise, particularly along feeder bluffs
and pocket estuaries throughout the subwatershed.
Accompanying the “toolbox” would be technical
assistance to landowners who lack funding and
expertise to manage habitat restoration/ rehabilitation
projects. Types of actions in the”“toolbox” could
include: removal of unneeded riprap and other
armoring (bulkheads, groins, etc), removal of unneeded fill, removal of derelict pilings and derelict
overwater structures, and restoration/rehabilitation of
riparian vegetation.
Armoring and other structures are frequently in need
of repair or replacement. However, some existing
shoreline armoring was not in fact needed or was
placed lower in the intertidal zone than is appropriate.
Businesses and private property owners are more likely
to consider allowing habitat restoration/rehabilitation
on their property if doing so is easy to visualize and
can be conducted with the least amount of sitespecific design. (Standard models or templates for
“soft” armoring are probably not worth creating due to
the need to tailor such projects to site-specific conditions.)

Watershed basin stewards could promote the “toolbox”
and provide or arrange for technical assistance for
private property owners seeking to pursue good
stewardship techniques. A starter list of smaller
projects was compiled from projects evaluated by the
Science Panel in 2004 and 2005. The majority of these
smaller projects were originally identified in the draft
report, “Inventory and Assessment of Current and
Historic Beach Feeding Sources/Erosion and Accretion
Areas for WRIAs 8 and 9” (Johannessen and
MacLennan 2005). This list provides over 100 projects
for this program to undertake once it is started. Implementation of any of these potential projects would
depend on the voluntary participation of the property
owner(s). The list of projects can be found in Volume II:
Appendix G.
This program also could be applied to the lower few
miles of the Duwamish given that habitat there is
believed to function much like marine nearshore
habitat.

Incentives may encourage private property owners to
allow habitat improvements on private properties,
possibly as part of site redevelopment.
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Discouraging use of structures such as these groins on Vashon
Island is a focus of this proposed program. September 2000 photo
courtesy of Washington State Department of Ecology.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)Protecting and enhancing pocket estuaries and
tributary stream mouths (Near-5)
Habitat Management Strategies
• Restore sediment recruitment and transport processes
• Restore shallow water habitats
• Restore/Rehabilitate riparian vegetation and buffers
• Restore/Rehabilitate hydrologic and sediment process
• Restore/Rehabilitate eelgrass and kelp beds by allowing
natural processes to occur
• Restore/Rehabilitate beaches, backshore and associated plant
communities
• Restore/Rehabilitate salt marshes
• Rehabilitate shoreline areas to reduce water quality
impacts
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Program N-2:
Create a Soft Armoring Technical Assistance and Cost-Share Program

This program would both offer technical assistance on
alternative shoreline protection (“soft” armoring) and
provide a cost-share program to encourage landowners to use these techniques.
Bulkhead removal is expensive and the unique nature
of each site is not conducive to the use of standard
models or templates of soft armoring. Consequently,
encouraging use of soft armoring – when some form of
beach protection is absolutely necessary — will require
a personalized approach.
This beach was restored by removing rip rap armoring and replacing
it with gravel. Photo courtesy of Washington State Department of
Ecology.

Many landowners and consultants are unfamiliar with
how to undertake soft armoring approaches. Technical
assistance will allow for these alternatives to be considered more often than at present, when the customary response is hard armoring.
Incentives should encourage private property owners
to adopt “soft” armoring and/or the addition of habitat
improvements as part of site development or redevelopment. The initial focus of this program would be on
properties identified as altering sediment recruitment
and transport processes or directly impacting marsh
habitat or pocket estuaries.

LINKAGES

Conservation Hypotheses Addressed
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)
Habitat Management Strategies
• Restore/Rehabilitate sediment recruitment and transport
processes
• Restore/Rehabilitate shallow water habitats
• Restore/Rehabilitate riparian processes and functions
• Restore/Rehabilitate eelgrass and kelp beds by allowing
natural processes to occur
• Restore/Rehabilitate beaches, backshore and associated plant
communities
• Restore/Rehabilitate salt marshes
• Restore/Rehabilitate shoreline areas to reduce water
quality impacts

Page 7-104
Green/Duwamish and Central Puget Sound Watershed Salmon Habitat Plan—August 2005

Program N-3:
Create an Incentive Program to Encourage Multiple Family/Neighborhood Use of Docks
and Boat Ramps
This program would reduce the impacts of docks and
boat ramps by encouraging consolidation of several
docks or ramps into one structure that would serve the
entire community. Frequently, many shoreline houses
adjacent to one another have their own boat ramps
and/or over water structures such as docks. These
structures have a variety of long-lived negative impacts
including shading of submerged aquatic vegetation,
interfering with sediment transport, and possibly
altering salmonid migration.
This program could be instituted both for new construction proposals and for consolidating existing
structures as they are repaired or redeveloped. The
financial incentives could include government cost
share, reduction in permit costs, tax reductions within
the Public Benefit Rating System, and technical and
legal assistance. Moreover, this program also could
help landowners save money by spreading out the
costs of creating and maintaining these structures.

A program encouraging shared used of docks and boat ramps
would help property owners in situations such as this where two
boat ramps are less than 100 feet apart. September 2000 photo
courtesy of Washington State Department of Ecology.

Along with the financial incentives, it is necessary to
create examples or templates of legal agreements for
access to, maintenance of, and general rules of use of
the structures. This would help communities understand how to share use of such facilities and help to
relieve fears of misuse of the rules by a single party.
Major redevelopment or repair of older structures may
result in further alterations to the shoreline. Where an
incentive can be provided to the private-property
owner or developer, it may result in a reduction in the
overall impacts to a particular area of shoreline.

LINKAGES

Conservation Hypotheses Addressed
• Protecting against watershed and upland impacts (All-5)
• Preventing/removing armoring and fill (All-6)Protecting/
increasing vegetated shallow nearshore and marsh habitats
(Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)
Habitat Management Strategies
• Protect/Restore/Rehabilitate sediment recruitment and
transport processes
• Protect/Restore/Rehabilitate shallow water habitats
• Protect/Restore/Rehabilitate riparian processes and functions
• Protect/Restore/Rehabilitate eelgrass and kelp beds by
allowing natural processes to occur
• Protect/Restore/Rehabilitate beaches, backshore and
associated plant communities
• Protect/Restore/Rehabilitate salt marshes
• Protect/Restore/Rehabilitate shoreline areas to reduce
water quality impacts
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Program N-4:
Create a Financial Incentive Program to Replace/Repair Failing Septic Systems on Vashon/
Maury Islands within Quartermaster Harbor
Provide incentives to replace or repair those failing
septic systems contributing to water quality problems
in Quartermaster Harbor on Vashon/Maury Island.
Failing or inappropriately sited septic systems on
Vashon/Maury Island are known to be a common
problem. These failing systems have been associated
with shellfish harvesting closures and other water
quality concerns, especially within Quartermaster
Harbor. While the direct impact on shellfish harvesting
is a human health concern, the water quality impacts
negatively affect various parts of the ecosystem that
supports Chinook salmon. Currently, there is no
financial incentive for property owners to repair or
relocate septic systems as long as sewage is not backing up into the dwelling.

LINKAGES

Conservation Hypotheses Addressed
• Protecting water quality (All-1)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
Habitat Management Strategies
• Protect/Restore water quality where state standards are
being met or exceeded
• Protect/Restore eelgrass, kelp and other macroalgae

This program would create a financial incentive to fix
problems through cost shares, education, and technical assistance. The program could supplement current
efforts by the Puget Sound Action Team, such as the
education program that uses “septic socials” in which
property owners teach other property owners about
proper septic system maintenance. Creating a cost
share and technical assistance program will enhance
the existing education program and be more likely to
cause failing septic systems to be replaced.
Many properties on Vashon/Maury Island have limited
sites suitable for septic systems. Some residents on
Vashon/Maury Island have asked that the Washington
State Department of Health and King County Department of Development and Environmental Services
allow greater flexibility to take these physical constraints into account and thereby encourage people
with failing systems to fix them sooner.
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Program N-5:
Citizen Volunteer Forage Fish Monitoring Program

This program would both help to fill important data
gaps about where forage fish spawn and educate the
public — especially marine shoreline landowners —
about the importance of a healthy nearshore.
Forage fish are at the base of the food chain, with many
declining species in Puget Sound relying on them as a
primary food source (including various salmonids,
marine birds, marine mammals, and other fish). The
Washington State Department of Fish and Wildlife
currently protects all known forage fish spawning
beaches.
The program would collect data on forage fish presence/absence, timing, species, use of different substrate types, and intertidal and upland habitat condition following protocols developed in other Puget
Sound jurisdictions. Volunteers would be taught about
forage fish ecology, beach morphology, and sediment
transport process. They will be trained on how to
sample for forage fish, characterize habitat conditions,
and water safety. Results would be published via the
web and on CD annually. Data structure would be
constructed to be compatible with Washington State
Department of Fish and Wildlife forage fish database
and shared with the agency.

Scientific assessment work provides opportunities to involve and
inform the public. August 2001 photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and expanding forage fish spawning areas
(Near-4)
Habitat Management Strategies
• Protect beaches and backshore areas and associated plant
communities

A number of citizens on Vashon/Maury Island have
expressed interest in such a program. Its implementation would likely attract attention from non-participants and provide opportunities to convey messages
about the importance of protecting and restoring a
healthy marine nearshore.
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Project NS-1:
Pier 90 Shallow Water Habitat Rehabilitation

Project Description
There is currently a small amount of shallow water
habitat along the eastern side of Pier 90 in Elliott Bay in
Seattle. This project would protect and expand that
area of shallow water habitat. The land comprising
shoreline east of Pier 90 would need to be purchased.
The riprap and fill would be moved in order to create
additional shallow water habitat and the shoreline
would be planted with riparian vegetation.
Opportunities and Constraints

Site of proposed project east of Pier 90. Galer Street Bridge over the
BNSF Railway tracks has been constructed since photo was taken.
September 2000 photo courtesy of the Washington State
Department of Ecology.

• The road leading to Pier 90 would need to be
relocated, as it is right along the shore and is
heavily used.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and expanding forage fish spawning areas
(Near-4)
Habitat Management Strategies
• Protect/Restore shallow water habitatsResto
• Restore riparian vegetationRestore beaches, backshore
and associated plant communities
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Project NS-2:
Myrtle Edwards Park Small Pocket Beaches/Shallow Water Habitat Rehabilitation

Project Description
This project would create several pocket beaches in
Myrtle Edwards Park on Elliott Bay in Seattle and to
the north of the park. Riprap armoring would be
removed and the slopes would be graded back to
create natural slopes. Pocket beaches would have a
fishmix (sand and gravel) of sediments placed on
them. Some of the riparian area would be planted
with native vegetation. A shallow water bench such as
that described for Project NS-3 (below) may also be
constructed waterward of the pocket beaches.
Opportunities and Constraints
• The project sites are popular, high-visibility parks
owned by the City of Seattle and Port of Seattle.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and expanding forage fish spawning areas
(Near-4)
Habitat Management Strategies
• Restore/Rehabilitate shallow water habitats
• Restore/Rehabilitate riparian vegetation
• Restore/Rehabilitate beaches, backshore and associated plant
communities
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Project NS-3:
Olympic Sculpture Park Tidal Embayment/Shallow Water Habitat Rehabilitation

Project Description

Site of proposed Olympic Sculpture Park restoration on Elliott Bay at
south end of Myrtle Edwards Park. July 2004 photo.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and expanding forage fish spawning areas
(Near-4)

This project would create a 0.64 acre tidal embayment
at the northern end of the Elliott Bay seawall and an
approximately 800 foot long and 15 foot wide habitat
bench between Pier 70 and Myrtle Edwards Park. The
habitat bench would be a 15 foot wide lower intertidal
(0 to -1 foot mean lower low water) bench along
approximately 770 feet of the buttress that will be
added to re-enforce the seawall. The bench would be a
combination of fish mix (sand and gravel) and larger
cobbles to provide a setting to support algae growth
and epibenthic/benthic invertebrate production. The
outer face of the bench will slope to deeper depths and
will provide boulder habitat for understory and overstory kelp colonization. The riparian area would be
partially planted with native marine riparian vegetation.
Opportunities and Constraints
• This project already has the support of the City of
Seattle, which owns Myrtle Edwards Park. It would
be part of the larger Olympic Sculpture Park
redevelopment currently underway. Its habitat
value is complemented by its high visibility and
contribution to public awareness.

Habitat Management Strategies
• Restore/Rehabilitate shallow water habitats
• Restore/Rehabilitate riparian vegetation
• Restore/Rehabilitate beaches, backshore and associated
plant communities
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Project NS-4:
Seattle Waterfront Shallow Water Bench Habitat Rehabilitation

Project Description
This project is conceptual at this point but is based on
the fact that the Seattle waterfront seawall and Alaskan
Way viaduct may be replaced in the future. These
replacements create a rare opportunity to turn the
eastern Elliott Bay shoreline into a fish friendly environment. The project would involve creating shallow
water habitat benches and fish friendly structures
along the waterfront. This proposal also encompasses
the relocation of the Washington State Ferry system’s
Colman Ferry Dock offshore, allowing room for installing a shoreline beach. These changes would open up a
migration corridor and increase the amount of shallow
water area for juvenile Chinook foraging.
Opportunities and Constraints

The central Seattle waterfront provides poor salmon habitat today.
Seawall replacement offers opportunities to improve habitat value.
July 2004 photo.

• The project depends on funding and construction
of the Alaskan Way Viaduct replacement.

LINKAGES

• Pier relocation would be required.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and expanding forage fish spawning areas
(Near-4)
Habitat Management Strategies
• Restore/Rehabilitate riparian vegetation
• Restore/Rehabilitate beaches, backshore and associated
plant communities
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Project NS-5:
Burien Seahurst Park Shoreline Restoration, Phase II

Project Description
Continue shoreline restoration actions conducted in
southern portion of Seahurst Park in Burien by removing shoreline armoring along approximately 3,000 feet
of shoreline, restoring natural beach slopes, adding
riparian vegetation, and connecting riparian vegetation and sediment supply to the aquatic portion of
nearshore. This Phase II would add to the successful
Phase I seawall removal/beach restoration conducted
in 2004-2005.
Opportunities and Constraints
Southern portion of Seahurst Park following removal of a failing
seawall and beach restoration (Phase I). February 2005 photo
courtesy City of Burien.

• The combined project (Phase I and II) would
result in almost a mile of unarmored shoreline
and be one of the largest contiguous lengths of
unarmored shoreline within WRIA 9.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)
Habitat Management Strategies
• Restore sediment recruitment and transport processes
• Restore shallow water habitats
• Restore riparian vegetation
• Restore beaches, backshore and associated plant
communities
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Project NS-6:
Skeeter Creek Pocket Estuary Restoration on Vashon Island

Project Description
This project would restore the mouth of Skeeter Creek
on the northwestern side of Vashon Island. Currently
the mouth is a four foot culvert through substantial fill
and bulkheading at the top of the beach. The culvert
appears to be a complete fish barrier. The project
would remove the 15 foot tall bulkheading and restore
a natural beach profile. It is likely that a portion of a
driveway would need to be relocated.
Opportunities and Constraints
• This project depends on a voluntary cooperation
with the existing property owner or purchase if the
owner is willing to sell.

Skeeter Creek where it enters Colvos Passage on the west side of
Vashon Island. September 2000 photo courtesy of the Washington
Department of Ecology.
LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Improving tributary access (All-3)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)
Habitat Management Strategies
• Protect/Restore shallow water habitat
• Protect/Restore intact riparian areas and associated
functions
• Protect/Restore tributary mouths
• Protect/Restore beaches and backshore and associated plant
communities
• Protect/Restore salt marshes
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Project NS-7:
Cove Creek Pocket Estuary Restoration on Vashon Island

Project Description

Cove Creek where it enters Colves Passage on the west side of Vashon
Island. September 2000 photo courtesy of Washington State
Department of Ecology.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Improving tributary access (All-3)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)

This project would restore the mouth of Cove Creek on
the northwestern side of Vashon Island. Puget Sound
Energy owns the property where Cove Creek enters
Puget Sound through a bulkhead/culvert combination.
King County owns the two parcels upstream. There is a
road that leads to and ends at the Puget Sound Energy
property. Since Puget Sound Energy would need the
road to maintain the equipment on site, the bulkhead/
culvert would be replaced with a box culvert and the
road would be moved as far back from the shoreline as
possible. It is also possible that a new road crossing
could be built onto the Puget Sound Energy property
off of the adjacent King County property. This would
have the stream crossing occurring approximately 150
feet upstream of the mouth. The northern half of the
bulkhead, which is not protecting any structures or
road, would be removed. The stream mouth area
would be planted with riparian and marsh vegetation.
Opportunities and Constraints
• The project depends on the cooperation of the
Puget Sound Energy.

Habitat Management Strategies
• Protect/Restore shallow water habitat
• Protect/Restore intact riparian areas and associated
functions
• Protect/Restore tributary mouths
• Protect/Restore beaches and backshore and associated plant
communities
• Protect/Restore salt marshes
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Project NS-8:
Dillworth and Gorsuch Creek Pocket Estuaries Restoration on Vashon Island

Project Description
Dillworth and Gorsuch Creeks enter Puget Sound at
nearly the same location, creating a single fan type
delta on the northeastern shore of Vashon Island. The
creek mouths are approximately 300 feet apart. Both
streams are currently in constrained channels for the
lower 150 feet. Both channels would have the bank
armoring (both banks) removed and a meandering
stream channel established. If the property were
purchased, the northern property’s house and bulkhead would be removed.

Gorsuch and Dilworth Creeks where they enter Puget Sound on the
east side of Vashon Island. Photo courtesy of Washington State
Department of Ecology.
LINKAGES

Opportunities and Constraints
• This project depends on the voluntary sale of one
or two of the parcels by the property owners and
the cooperation of neighboring property owners.
• Purchase of the two properties would make the
project much easier and more sustainable by
allowing the channels to move around the alluvial
fan over time, but it is still possible to improve
habitat conditions while retaining the existing
buildings.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Improving tributary access (All-3)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)
Habitat Management Strategies
• Protect/Restore shallow water habitat
• Protect/Restore intact riparian areas and associated
functions
• Protect/Restore tributary mouths
• Protect/Restore beaches and backshore and associated plant
communities
• Protect/Restore salt marshes
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Project NS-9:
Mileta, Ellisport, Camp Sealth, Bates, and Tsugwalla Creek Fish Passage Improvements on
Vashon Island
Project Description
This project would restore fish passage to five streams
on Vashon Island by replacing existing culverts with
improved culverts or bridges. The streams are Mileta,
Ellisport, Camp Sealth, Bates, and Tsugwalla Creeks.
Restoring fish passage at these locations was evaluated
as having likely direct Chinook benefit by opening up
currently inaccessible habitat to serve as pocket
estuaries. These fish passage blockages were confirmed in the 2000/2001 Washington Trout field survey
of passage blockages across Vashon/Maury Island.
Mouth of Tsugwalla Creek showing fish passage blockage. June 2000
photo courtesy of Washington Trout.

Opportunities and Constraints
• This project depends on voluntary cooperation of
private property owners.

LINKAGES

Conservation Hypotheses Addressed
• Improving tributary access (All-3)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)
Habitat Management Strategies
• Restore access to tributaries
• Restore pocket estuaries
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Project NS-10:
Ellis Creek Saltmarsh Protection and Restoration on Vashon Island

Project Description
This project would acquire the salmonid-accessible
saltmarsh and riparian land at the mouth of Ellis Creek
on Tramp Harbor, on the east side of Vashon Island.
There is currently a functioning saltmarsh that is
constrained in size by a dirt road that gives access to
five privately-owned parcels. The five parcels comprise
four acres of upland and saltmarsh habitat. The project
would remove the dirt access road, increasing the total
saltmarsh area by approximately 33%.
Purchase (if the property owners are willing to sell) is
required because removal of the access road would
preclude use of the upland parcels.

Ellis Creek mouth. September 2000 photo courtesy of the Washington
State Department of Ecology.

The newly opened area would be evaluated in the
future to determine if active restoration of the plant
community is needed or whether passive restoration
will suffice to restore the saltmarsh community.
Opportunities and Constraints
• This project depends on the voluntary sale of the
parcels by the property owners.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Improving tributary access (All-3)Preventing/removing
armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)
Habitat Management Strategies
• Protect/Restore shallow water habitat
• Protect/Restore intact riparian areas and associated
functions
• Protect/Restore tributary mouths
• Protect/Restore beaches and backshore and associated plant
communities
• Protect/Restore salt marshes
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Project NS-11:
Feeder Bluff Protection and Restoration of Beach Feeding Processes in Normandy Park

Project Description

Undeveloped feeder bluffs that would be purchased. September 2000
photo courtesy of Washington State Department of Ecology.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)

This project would purchase and restore one of the last
major privately-held undeveloped feeder bluffs along
the mainland marine shoreline. The project is located
just north of Marine View Park in Normandy Park. The
bluff is approximately 1,000 feet long and is made up
of 27 separate parcels, totaling 13.5 acres. Three of the
27 parcels are already in public ownership (two owned
by King County and one by the City of Normandy
Park). While the upland is not developed, there is a
bulkhead along 80% of the shoreline of the bluff. Once
the parcels are purchased, the bulkhead would be
removed to allow for natural sediment beach feeding
processes to occur.
Opportunities and Constraints
• This project depends on the voluntary sale of the
parcels by property owners.

Habitat Management Strategies
• Restore sediment recruitment and transport processes
• Restore shallow water habitatsRestore riparian vegetation
• Restore beaches, backshore and associated plant
communities
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Project NS-12:
Pocket Estuary Restoration at Mouth of Unnamed Creek in Normandy Park

Project Description
This project would acquire two parcels, one on each
side of the mouth of an unnamed creek just south of
Marine View Park in Normandy Park. Each parcel has a
house and bulkhead on it, which fill portions of the
intertidal zone. The bulkheads and houses constrain
the stream channel to an approximately four to fivefoot wide cement walled channel. Once the parcels
were purchased the houses and bulkheads would be
removed, the slope would be regraded and revegetated. Marsh vegetation would be planted adjacent to
the mouth.

Unnamed creek flows between two houses in Normandy Park.
September 2000 photo courtesy of Washington State Department of
Ecology.
LINKAGES

Opportunities and Constraints
• This project depends on the voluntary sale of the
parcels by property owners.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Improving tributary access (All-3)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)
Habitat Management Strategies
• Protect/Restore shallow water habitat
• Protect/Restore intact riparian areas and associated
functions
• Protect/Restore tributary mouths
• Protect/Restore beaches and backshore and associated plant
communities
• Protect/Restore salt marshes
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Project NS-13:
Massey Creek Pocket Estuary Restoration in Des Moines

Project Description

Massey Creek empties into Puget Sound between two rock walls at
top of photo. Project would remove small jetty to south (right). City of
Des Moines Marina is to left. September 2000 photo courtesy of
Washington State Department of Ecology.

LINKAGES

This project would involve restoring parts of the
estuary of Massey Creek in Des Moines. Massey Creek
enters Puget Sound just south of the Des Moines
Marina. The project would remove 300 feet of the
southern, rock-lined bank of the creek and a small jetty
(about half of that distance is the jetty; the other half is
the channelized stream). The 150-foot jetty extending
out into the subtidal area would be removed (there is
another jetty protecting the Des Moines Marina on the
north side of the stream; this project does not propose
changes to that jetty). Approximately 150 feet of the
channel upstream of the mouth would be widened and
meandered away from the northern rock wall to create
two natural banks for the creek. The area on both sides
of the creek would be revegetated with upland and
marsh vegetation.
Opportunities and Constraints
• This project depends on either the voluntary
cooperation of the current landowner or through a
conservation easement on the western half of the
property.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Improving tributary access (All-3)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)
Habitat Management Strategies
• Protect/Restore shallow water habitat
• Protect/Restore tributary mouths
• Protect/Restore beaches and backshore and associated plant
communities
• Protect/Restore salt marshes
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Project NS-14:
Evaluate How to Improve Habitat Value of Raab’s Lagoon/Pocket Estuary on Maury Island

Project Description
This project would work with the property owner and
people who moor boats in Raab’s Lagoon to identify
ways to improve its value in terms of salmon habitat.
Prior to the 1920’s, Raab’s Lagoon was a properly
functioning subestuary on Quartermaster Harbor on
Maury Island. A bulkhead was placed across the
mouth to provide a road to Maury Island. Later, this
bulkhead was partly removed and replaced with a
water control structure that allowed for boat moorage
in the lagoon.
This project would involve examination of the lagoon
to determine whether and how it could be modified to
improve habitat value for salmonids. This examination
would require the participation of the property owner
and those who moor boats in the lagoon to better
understand how it is managed currently, the implication of any potential changes both to current users and
the existing habitat, and ways to mitigate the harmful
impacts of potential changes. Potential changes could
range from modifications of the water control structure operations to restoration of full fish access and
tidal inundation of the lagoon by removing the water
control structure and reestablishing a sand spit across
the mouth. If changes to the control structure increased salinity in the lagoon, salt marsh restoration
could be undertaken where elevations are appropriate. The riparian area also could be planted.

Raab’s Lagoon on Maury Island. September 2000 photo courtesy of
the Washington State Department of Ecology.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)

Opportunities and Constraints
• This project depends on the voluntary cooperation by the property owner and lagoon neighbors.
There is a high level of interest in and concern
about this potential project among lagoon neighbors.

Habitat Management Strategies
• Restore sediment recruitment and transport processesRestore
shallow water habitats
• Restore riparian vegetation
• Restore salt marshes
• Protect/Restore/Rehabilitate beaches, backshore and
associated plant communities
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Project NS-15:
McSorley Creek Pocket Estuary Restoration in Des Moines

Project Description

McSorley Creek where it empties into Puget Sound at Saltwater State
Park in Des Moines. September 2000 photo courtesy of Washington
State Department of Ecology.

This project would remove rock armoring along
approximately 150 feet on both banks of McSorley
Creek upstream from the mouth. McSorley Creek in
Des Moines enters Puget Sound along a heavily modified shoreline at Saltwater State Park. The project
would also remove all armoring along the marine
shoreline within 150 on either side of the stream
mouth. The beach fill would be excavated and the
beach regraded to a natural slope (similar to the
current southern shoreline beyond the existing 150
feet of armoring). The area adjacent to the mouth
would be planted with dune grass and other native
vegetation.
Opportunities and Constraints
• This project depends on the cooperation of
Washington State Parks. The project would impact
some of the park uses (three to five picnic and
barbecue areas), while improving both the natural
aesthetic values and ecological values of the site.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Improving tributary access (All-3)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)

• The park and community uses the stream ecology
and salmon runs on McSorley Creek as an educational tool.

Habitat Management Strategies
• Protect/Restore shallow water habitat
• Protect/Restore intact riparian areas and associated functions
• Protect/Restore tributary mouths
• Protect/Restore beaches and backshore and associated plant
communities
• Protect/Restore salt marshes
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Project NS-16:
Dash Point State Park Pocket Estuary Restoration in Federal Way

Project Description
This project would improve the stream mouth of an
unnamed creek (#0391) that enters Puget Sound
through Dash Point State Park in Federal Way. The
creek banks are armored from the mouth up to the
road bridge, 200 feet upstream. The project would
remove the armoring on both banks up to either the
foot bridge (100 feet upstream from the mouth) or all
the way to the road bridge (200 feet upstream). Between the footbridge and the road bridge there is a
building approximately 50 feet from the right bank. An
initial part of the project would be to evaluate if the
armoring in this reach can be removed without endangering that building.

View upstream from mouth of creek #0391, showing armoring that
would be removed.

Opportunities and Constraints

LINKAGES

• This project depends on the cooperation of
Washington State Parks. The project does not
appear to impact any direct park uses (picnicking,
barbecuing, etc) and would improve the aesthetics
of the park as well as the ecological values of the
stream.

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Improving tributary access (All-3)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)
Habitat Management Strategies
• Protect/Restore shallow water habitat
• Protect/Restore intact riparian areas and associated
functions
• Protect/Restore tributary mouths
• Protect/Restore beaches and backshore and associated plant
communities
• Protect/Restore salt marshes
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Project NS-17:
Functioning Nearshore Habitat Protection on Vashon/Maury Island

Project Description
Approximately 50 different locations along Vashon/
Maury Islands have been identified as having high
habitat resource values worthy of protection (see
Figure 7-5 for the approximate locations). This list of
locations was developed in part by the Vashon-Maury
Island Land Trust. Protection of these nearshore
habitats could occur through purchase, conservation
easements, tax incentive programs, or other changes to
property ownership. Alternative protection measures
could include education and informational workshops
for interested property owners.
Vashon/Maury Island shoreline showing healthy nearshore habitat.
September 2000 photo courtesy of the Washington State
Department of Ecology.

Given the large list of locations, a further analysis of
the threat of development to properties in those areas
should be undertaken to help prioritize the list. The
size and shape of each protection area will be determined through this further analysis, on-site visits, and
discussions with current property owners regarding
whether and how they wish to participate in protection
efforts.

LINKAGES

Conservation Hypotheses Addressed
• Protecting and improving riparian vegetation (All-2)
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)
• Protecting and enhancing pocket estuaries and tributary
stream mouths (Near-5)

In addition, there are two high value habitat areas to be
protected on the WRIA 9 mainland. One is in the
Perkins Lane neighborhood of Magnolia in Seattle and
the other in the city of Normandy Park.
Opportunities and Constraints
• This project depends on voluntary participation
by property owners through easement, sale, or
other incentives.

Habitat Management Strategies
• Protect sediment recruitment and transport processes
• Protect shallow water habitats
• Protect intact riparian areas
• Protect stream mouths
• Protect water quality where state standards are being met
• Protect cool, clean surface and ground water
• Protect current water quantity from further modification
• Protect beaches, backshore and associated plant communities
• Protect remaining salt marshes
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Project NS-18:
Sandford Point Feeder Bluff Restoration on Vashon Island

Project Description
This project would remove a derelict bulkhead just
north of Sandford Point on the west side of Vashon
Island. Currently there is a failing creosote pile bulkhead in front of an active feeder bluff. While the bluff
behind the bulkhead is still eroding, the bulkhead is
limiting the amount of erosion that is occurring and it
is holding back slide debris.
Opportunities and Constraints
• There do not appear to be any structures on top of
the bluff that would require protection through a
new bulkhead.
• The project would depend on voluntary cooperation of private property owners.

Site of proposed derelict bulkhead removal (bulkhead not easily
visible in picture). September 2000 photo courtesy of the Washington
State Department of Ecology.
LINKAGES

Conservation Hypotheses Addressed
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)
Habitat Management Strategies
• Restore/Rehabilitate sediment recruitment and transport
processes
• Restore/Rehabilitate shallow water habitats
• Restore/Rehabilitate riparian processes and functions
• Restore/Rehabilitate eelgrass and kelp beds by allowing
natural processes to occur
• Restore/Rehabilitate beaches, backshore and associated plant
communities
• Restore/Rehabilitate shoreline areas to reduce water
quality impacts
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Project NS-19:
Tramp Harbor Intertidal Fill Removal on Vashon Island

Project Description
There are currently two large areas intertidal fill
located near the public dock along Dockton Road
Southwest. The two areas of fill are being held in place
by old creosote bulkheads. There are no structures on
the fill. This project would remove the fill and reestablish a natural grade to the shoreline.
Opportunities and Constraints
• This project would complement a recent King
County Department of Transportation project that
removed a smaller amount of fill adjacent to a
pier.

Sites of intertidal fill removal in Tramp Harbor. The King County
Department of Transportation recently removed the smaller fill just
to the left of the pier. September 2000 photo courtesy of the
Washington State Department of Ecology.

• It is not clear who owns the intertidal parcels.
Purchasing of the two areas or permission from a
private property owner(s) may be required.

LINKAGES

Conservation Hypotheses Addressed
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)
Habitat Management Strategies
• Restore/Rehabilitate sediment recruitment and transport
processes
• Restore/Rehabilitate shallow water habitats
• Restore/Rehabilitate eelgrass and kelp beds by allowing
natural processes to occur
• Restore/Rehabilitate beaches, backshore and associated plant
communities
• Restore/Rehabilitate shoreline areas to reduce water
quality impacts
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Project NS-20:
Maury Island Fill Removal

Project Description
There is currently an area of intertidal fill located
between the Gold Beach neighborhood and the Glacier
Northwest gravel pit pier. There are no structures on
the fill. The fill appears to be causing some sediment to
accumulate on the downdrift side of the fill. The fill
also appears to be inhibiting natural erosion of the
adjacent bluffs onto the beach. This project would
remove the fill and reestablish a natural grade to the
shoreline.

Site of fill removal just southwest of the Gold Beach Neighborhood.
September 2000 photo courtesy of the Washington State
Department of Ecology.

Opportunities and Constraints
• This project depends on the cooperation of
Glacier Northwest.

LINKAGES

Conservation Hypotheses Addressed
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)
Habitat Management Strategies
• Restore/Rehabilitate sediment recruitment and transport
processes
• Restore/Rehabilitate shallow water habitats
• Restore/Rehabilitate eelgrass and kelp beds by allowing
natural processes to occur
• Restore/Rehabilitate beaches, backshore and associated plant
communities
• Restore/Rehabilitate shoreline areas to reduce water
quality impacts
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Project NS-21:
Sandy Beach Fill and Derelict Pier Removal on Vashon Island

Project Description
There is currently an area of intertidal fill and a derelict
dock located just south of the Sandy Beach neighborhood on the west side of Vashon Island. The fill is in the
form of an intertidal rockery, which appears to be
acting as a deeper water bulkhead. This project would
remove the fill and the derelict dock and reestablish a
natural grade to the shoreline.
Opportunities and Constraints
• The dock and the fill appear to be on two different
properties.
Site of proposed pier removal (left) and intertidal fill removal (right)
just south of the Sandy Beach neighborhood. September 2000 photo
courtesy of the Washington State Department of Ecology.

• The project would depend on voluntary cooperation of private property owners.

LINKAGES

Conservation Hypotheses Addressed
• Preventing/removing armoring and fill (All-6)
• Protecting/increasing vegetated shallow nearshore and
marsh habitats (Near-2)
• Protecting and restoring nearshore sediment transport
processes (Near-3)
• Protecting and expanding forage fish spawning areas
(Near-4)
Habitat Management Strategies
• Restore/Rehabilitate sediment recruitment and transport
processes
• Restore/Rehabilitate shallow water habitats
• Restore/Rehabilitate riparian processes and functions
• Restore/Rehabilitate eelgrass and kelp beds by allowing
natural processes to occur
• Restore/Rehabilitate beaches, backshore and associated plant
communities
• Restore/Rehabilitate shoreline areas to reduce water
quality impacts
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8.1 INTRODUCTION
This chapter provides an overview of the proposed
approach and elements for implementation of the
Habitat Plan for the Green/Duwamish and Central
Puget Sound Watershed (Water Resource Inventory
Area 9 [WRIA 9]). It provides background on the
organizational structure of WRIA 9 salmon habitat
planning and governance, some basic history of the
WRIA 9 planning effort that has a bearing on the
proposed approach to Plan implementation, and
information about the linkages of the WRIA 9 plan to
the regional Puget Sound Salmon Recovery Plan and
federal assurances. This chapter also includes policies
(in italics and indicated by an I-prefix) that establish
the implementation strategy for this Habitat Plan.

•

Tracking and reporting results, developing appropriate indicators related to projects and watershed
improvements, conducting progress assessments,
and issuing final reports;

•

Communicating, cooperating, and negotiating
with the state and Puget Sound regional recovery
plan implementation body, other governments,
and project sponsors; and

•

Fundraising to support both local and watershedwide project and program priorities, including
monitoring and adaptive management.

To act on the recommendations of this Plan, this
chapter proposes the implementation commitments
and efforts appropriate for local governments of
WRIA 9.

Implementation Functions of Local
Governments

8.2 AUTHORITY AND RESPONSIBILITY
FOR IMPLEMENTATION

Implementing the Habitat Plan by local governments
will include consideration of the following functions:
•

Establishing and managing a watershed-scale
institutional structure, decision process, participant norms, and rules governing watershed–wide
decision-making;

•

Identifying, prioritizing, refining, and implementing projects and programs;

•

On-the-ground project and program operations
and maintenance and guidance to project/program sponsors;

•

Coordinating and integrating with other conservation, restoration, and development activities in the
watershed, and coordinating and integrating local
projects and programs into the watershed Habitat
Plan and watershed projects and programs into the
regional Puget Sound Salmon Recovery Plan; 1

•

Protecting habitat through local regulations
(adopting, administering, and enforcing them) and
voluntary conservation programs;

•

Educating and outreaching to citizens on both
regional and local projects and programs and
encouraging citizen participation in and ownership of both the WRIA 9 Habitat Plan and the Puget
Sound Salmon Recovery Plan;

•

Monitoring effectiveness of actions;

1.

Federal agencies are required to ensure that any
actions they fund, permit, or carry out are not likely to
jeopardize species that are listed under the Endangered Species Act (ESA). Federal agencies must consult
with the listing agency (NOAA Fisheries or U.S. Fish
and Wildlife Service) regarding actions they take that
“may affect” the listed species or its critical habitat.
Actions that may affect but are “not likely to adversely
affect” the species undergo an informal consultation,
while those that are likely to adversely affect the
species or its critical habitat must undergo more
lengthy formal consultation. The ESA also prohibits
the “take” of listed species, either through Section 9
(for an endangered species) or through Section 4(d)
(for threatened species).
Citizens, landowners, businesses, and local governments all can be affected by the federal consultation
requirement or the Endangered Species Act prohibition of take. For example, ESA consultations can affect
the time it takes to issue a permit, fund a project, or
complete an action when a federal agency is involved.
Consultation might also affect the conditions on a
permit or funding or the manner in which a project is
completed. The take of a listed species can occur as a
result of many of the everyday activities carried out in
a watershed, resulting in an ESA violation.

The Puget Sound Salmon Recovery Plan includes the WRIA 9 Salmon Habitat Plan by reference.
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In WRIA 9, local, state, and federal agencies, environmental groups, businesses, and other stakeholders
developed this Habitat Plan primarily to guide and
prioritize efforts over the next 10 years to improve
watershed health and habitat conditions for listed fish
species. (The ecosystem approach adopted in the Plan,
however, should benefit all salmonid species, not just
those currently listed under the ESA.) The WRIA 9
Habitat Plan also is included as a chapter of the Puget
Sound Salmon Recovery Plan. As such, commitments
from local participants to implement provisions of the
WRIA 9 Habitat Plan are also contributing to implementation of the Puget Sound Salmon Recovery Plan.

From the federal agency standpoint, the ability to
provide certainty and regulatory relief to local governments and other implementers is based on several
considerations including:
• Comprehensiveness, level of detail, and scientific
certainty of results;
• Comprehensiveness and certainty of commitments;

8.3 LOCAL COMMITMENTS
AND FEDERAL ASSURANCES

• Demonstrated progress in implementing actions;
and

Local governments and other WRIA 9 stakeholders
have an impressive history of working together to
protect and restore salmon habitat. The broad level of
commitment that already exists can be shown in the
following three examples:

• Documented improvements in the viable salmonid population parameters for listed species.

• Seventeen local governments jointly funded the
development of the WRIA 9 Habitat Plan through
an interlocal agreement. Prior to the interlocal
agreement and the listing of Chinook salmon and
bull trout, the 17 local governments had already
been working together for two years on salmon
habitat planning and project implementation;
• The local governments and the U.S. Army Corps of
Engineers have been cooperating in the Green/
Duwamish Ecosystem Restoration Project for
eight years; and
• Local governments have used their own funds and
regionally-pooled funds (e.g., from a conservation
district-wide assessment) to implement habitat
projects and programs and to prepare technical
studies that support the recommendations of this
Plan.
In order for the watershed to reach its habitat goals,
local governments and other potential implementing
entities must make commitments to implement the
actions recommended by the Habitat Plan. Commitment can come in several forms and at varying levels.

Potential implementers will want to know what
benefits they will receive by making commitments and
what federal and state agencies will do to support
commitments. The nature of specific commitments
and potential benefits is an iterative discussion that
will continue beyond approvals of this Habitat Plan.

In the case of both technical and policy reviews of the
March 10, 2005 draft WRIA 9 Habitat Plan conducted in
spring 2005 by federal agencies, integration of habitat,
hatcheries, and harvest factors of decline was noted as
missing, not only in the WRIA 9 Habitat Plan but in
those for many watersheds throughout Puget Sound
and in the Puget Sound Salmon Recovery Plan. The
federal agencies indicated that the results of proposed
habitat actions will be more certain to achieve results
when harvest and hatchery actions are integrated into
the habitat plans. To help facilitate integration, the
Washington State Department of Fish and Wildlife has
committed to working with others to tailor an approach to integrating harvest and hatcheries in habitat
plans throughout Puget Sound, including WRIA 9.
In exchange for making commitments to implement
the Plan, local governments may want to negotiate
benefits and legal assurances with federal and state
regulating agencies, either through direct negotiations
or potentially through regional efforts (the Puget
Sound region-wide approach to and roles in implementation, if any, are unknown at this time). Whatever
approach is taken, WRIA 9 local governments have
neither the resources nor the responsibility to fully
recover the populations of its federally-listed fish
populations. Recovery will take a long-term partnership with federal, state, and local governments, including significant financial support from federal and state
sources.
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Expectations for Potential Benefits that Could
be Negotiated with Regulating Agencies
It is not clear at this time exactly what assurances —
whether legal, funding, regulatory, or other — the
federal government could or will provide for implementing salmon habitat plans at the watershed and
local governmental levels. Several options should be
considered by federal agencies as incentives for
implementing habitat plans (particularly if federal
agencies determine that the habitat plans meets any
recovery plan requirements and other federallyrecommended recovery criteria) including:
• Consultation on the issuance of the recovery plan
so that the review of subsequent actions by federal
agencies is expedited;
• A policy statement that federal agencies will not
initiate enforcement actions against parties that
are making reasonable good faith efforts consistent with the Puget Sound Salmon Recovery Plan
and its component watershed habitat plans;
• Adopt reasonable “may affect” and “not likely to
adversely affect” thresholds for Endangered
Species Act (ESA) consultations on actions consistent with the Puget Sound Salmon Recovery Plan.
For example, federal agencies could adopt a policy
that small land development projects that are
covered by federal Clean Water Act requirements
and are consistent with the recovery plan would
be presumed not to have more than minimum
effects on ESA-listed species and, therefore no ESA
consultation on the project proposal is needed;
and/or
• Adopt a policy that projects consistent with the
Puget Sound Salmon Recovery Plan that “may
affect” salmon are presumed to be “not likely to
adversely affect” Endangered Species Act-listed
salmon unless federal agencies find that extraordinary circumstances may cause significant adverse
effects.
There may be new types of legal assurances that the
federal government could develop and offer as well.
Assurances and grants in return for commitments to
implement the Habitat Plan may be appropriate
through federal laws other than the Endangered
Species Act, as well as through state laws and programs. Effective implementation by local governments
of the provisions of the Clean Water Act is an example
of an effort for which local governments should be

given credit. Local governments with effective land use
plans, regulations, and programs that are consistent
with the recovery plan should receive credit for their
efforts to integrate habitat recovery needs with state
planning requirements.
Opportunities to receive federal and state grants
through the Salmon Recovery Funding Board should
be linked to Puget Sound Salmon Recovery Plan
implementation. Other funding programs, such as the
Centennial Clean Water Fund and the Washington
Wildlife and Recreation Program, should offer bonus
points for projects that implement the recovery plan.

Participation by Other Entities
Local governments have neither the means nor the
authority to implement all the actions necessary to
protect and restore salmon habitat in WRIA 9. Recovery
of salmon must be undertaken by a broad partnership
that reaches beyond local governments. To advance
participation of other entities in Plan implementation,
public-private partnerships, contracts between local
governments and utilities, funding and assistance from
foundations, and funding from the state and federal
governments should be pursued.
Other possible tools to facilitate Plan implementation
by others besides local governments include:
• Letters of understanding that consider the WRIA 9
Habitat Plan as guidance when fulfilling related
responsibilities;
• Commitments to implement Habitat Plan actions;
• Legislative or regulatory changes that are recommended by the Habitat Plan;
• Budget and work program line items that implement Habitat Plan actions;
• Letters to appropriate potential partners from the
WRIA 9 Forum;
• Negotiations through the Puget Sound Shared
Strategy (or its successor) among federal and state
regulating agencies, co-managers, local governments, and other partners;
• Working with state legislators and members of
Congress; and
• Requests from citizens, community groups,
business, and other non-government partners to
appropriate potential partners.
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governments “as may be required for further action.”
Nonetheless, WRIA 9, Puget Sound Shared Strategy,
and state and federal agencies already have acknowledged the importance of working together on the
Habitat Plan iteratively and consequently much
substantive discourse and helpful feedback has
occurred among these entities over the course of the
development of this Plan. As discussed above, conversations and negotiations with regulating agencies for
potential negotiated benefits and assurances will occur
as part of the state and federal approval processes for
the Puget Sound Salmon Recovery Plan, which includes the WRIA 9 Habitat Plan. It is critical that local
governments be integral to the discussions about and
negotiations over the type and level of commitments
expected from them.

WRIA 9 partners have been working hard to develop long-term
relationships needed for Habitat Plan implementation. Here, Senator
Patty Murray, the commanding officer of the Seattle District of the U.S.
Army Corps of Engineers, and local elected officials celebrate federal
funding for the initial projects of the Green/Duwamish Ecosystem
Restoration Project. February 2004 photo.

This list is not definitive, but rather begins to generate
ideas in building broad support and partnerships to
implement the Habitat Plan.
As evidenced in various policies and programs in this
Plan, a significant role is also envisioned for the many
citizens who depend on a healthy watershed. Increased citizen understanding, support, and
volunteerism should increase the likelihood that both
local governments and other entities receive the
support needed to be active implementers of the
recommendations of this Plan.

Puget Sound Shared Strategy defined commitment as
“a statement of the willingness of an entity or person to
implement an action or set of actions within a designated timeframe.” Examples of ways to demonstrate
commitments include:
• Demonstrating a history of commitments to
actions that have contributed to salmon recovery;
• Adopting a clear action plan describing how and
by whom selected projects will be implemented;
• Budgeting for specific projects and programs;
• Incorporating salmon recovery actions into local
capital improvement programs (CIPs);
• Passing a formal resolution pledging to take
actions consistent with salmon recovery goals;
and

Type and Level of Commitments
Recommended For Local Governments to
Implement the Plan

• Passing regulations that are consistent with local
salmon habitat recovery goals.

Local governments and other potential implementers
of the WRIA 9 Habitat Plan will be expected to make
commitments to implement actions and monitoring
over the next 10 years. In addition, longer term actions
(10-20 years out) that do not have commitments now
need to be lined up for commitments in the future.
Pursuant to an interlocal agreement among all local
governments of WRIA 9, commitments to implement
the Habitat Plan must follow approval of the Plan by
the WRIA 9 Watershed Forum and ratification of the
Plan by parties to the interlocal agreement. Indeed,
these two steps must occur before the Habitat Plan can
be officially transmitted to the state and federal

Local governments of WRIA 9 will need to determine
their role in and commitments to implementation,
including their continued regional and watershed
collaboration on planning, tracking, assessing, evaluating, and communicating implementation progress and
securing funding, implementing programmatic and
site-specific habitat projects and other policy recommendations, and monitoring of projects. The level and
type of commitments can range from no formal
commitments to signed concurrence plans. Generally,
when there are no formal commitments, implementation is difficult to track and less successful. Formal
commitments generally increase the likelihood of
implementation. The extent to which a WRIA entity
might either receive regulatory relief or assurances
against take liability will likely depend on the extent to
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Commitments from Local Governments

which the entity commits to taking certain specific
actions that implement the WRIA 9 Habitat Plan.

Provisions of the Puget Sound Salmon
Recovery Plan
The WRIA 9 Salmon Habitat Plan is included as a
chapter of the Puget Sound Salmon Recovery Plan by
reference. The Puget Sound-wide plan suggests that
assurances be based on milestones for reviewing and
evaluating progress. The crafters of the regional
recovery plan believe that both its watershed chapters
and the regional elements together meet Section 4(f)
recovery requirements of the Endangered Species Act
as well as recovery criteria recommended by federal
agencies.
As a first step to providing assurances, upon the
adoption of the Puget Sound Salmon Recovery Plan by
federal agencies (both its watershed chapters and the
regional elements), a conservation agreement would
be signed by the federal agencies and the State of
Washington for the conservation and recovery of listed
salmon. The agreement would provide a means to
formalize shared understanding of commitments that
would support implementation of this Habitat Plan.
The conservation agreement would acknowledge that
the Puget Sound Salmon Recovery Plan is the agreedupon approach for achieving recovery. It would
identify key measures that would be monitored for
success, the process for adapting to new information,
and the initial milestones over a 10 year period during
which progress and results would be evaluated. The
agreement also would state the intention of the state
and federal agencies to jointly pursue funding for local
communities to use in implementing the watershed
habitat plans. The agreement would indicate the
support of the recovery plan actions as the appropriate
solution for the area in the event of third-party lawsuits and identify review points at specific time intervals. At each review point, the progress would be
evaluated for each watershed, fish population, and the
whole Puget Sound Evolutionarily Significant Unit. The
federal agencies would determine if additional assurances or regulatory relief would be provided.2

2.

Table 8-1 provides local governments with a range of
commitment options that are not mutually exclusive
(it is the assumption that the state and federal governments will make solid funding commitments to local
governments in tandem with any local governmental
commitments).
Option 1 is probably insufficient to obtain the desired
level of assurances in return for commitments. Option
3 is in all likelihood a minimum commitment to
participate. Option 2, combined with either Option 4
or 5, would demonstrate the most definitive commitments, in turn likely resulting in the greatest level of
assurances from the federal regulatory agencies.

Next Steps
The background information provided above is a
starting point for discussing expectations for and
commitments to implementing the WRIA 9 Habitat
Plan. Decisions about roles, responsibilities, commitments, and assurances will be made over the course of
the next several months as this Habitat Plan is considered by the WRIA 9 Forum and local governments for
approvals and ratification, respectively, and as the
Puget Sound Salmon Recovery Plan is reviewed by
federal and state agencies.
The remaining sections of this chapter provide specific
information about priority projects and funding
strategies to implement the Habitat Plan and the
governance structure for overseeing and making
implementation decisions. The funding strategies and
governance structure are key elements to establishing
commitments to implement the Habitat Plan.

Shared Strategy Summit 2005, Draft Platform Statement, Federal Assurances under the Endangered Species Act. January 20, 2005.
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TABLE 8-1: Local Government Commitment Options
Option 1

Option 2

Option 3

Option 4

Option 5

Local governments
implement the Plan as they
choose; no formal
commitments to actions or
regional process

Local governments continue
coordinated watershed-wide
decision-making process and
pooled funding for operating
needs and capital investments, possibly through an
interlocal agreement

City/county councils pass
resolutions to formally
consider the Plan as guidance
and best available science for
capital improvement
programs, critical areas
ordinances, comprehensive
plan updates, National
Pollutant Discharge
Elimination System permits,
and shoreline management
plans

City/county councils formally
commit to implementing
particular actions by signing
concurrence plan or interlocal
agreement.Actions could be
undertaken:

City/county councils ratify or
adopt entire Plan as policy
and implement through
local ordinances and capital
improvement programs

• By individual jurisdiction
(e.g., specific habitat
projects)
• Cooperatively by sub-basin
(e.g., joint hiring of basin
steward)
• Watershed-wide (e.g.,
collaborative analysis of
effectiveness monitoring)

Notes: Table 8-1 provides local governments with a range of commitment options that are not mutually exclusive; (it is the assumption that the state and federal governments will make solid funding commitments to local governments in tandem with any local governmental commitments).
Option 1 is probably insufficient to obtain the desired level of assurances in return for commitments. Option 3 is in all likelihood a minimum commitment to participate.
Option 2, combined with either Option 4 or 5, would demonstrate the most definitive commitments, in turn likely resulting in the greatest level of assurances from the federal
regulatory agencies.

8.5 FUNDING STRATEGY FOR
HABITAT PROJECTS AND PROGRAMS

8.4 PRIORITY PROJECTS
FOR THE NEXT 10 YEARS
This Habitat Plan includes a wide variety of actions
that focus on habitat recovery for Chinook salmon,
bull trout, and other salmonids for the next 10 years.
Due to the large number of important projects and the
cost of implementing them, this Plan provides further
prioritization to guide efforts to recover the Green
River Chinook population. This prioritization is based
on the provisions of management strategy MS1 (Chapter 5 – Section 5.7) and the tier 1 conservation hypotheses. The prioritized habitat projects are listed in
Table 8-2.

This section describes the funding strategy for implementing the WRIA 9 Habitat Plan.
The foundation of the funding strategy is based on four
important provisions of the Habitat Plan that put WRIA
9 on the path to habitat recovery in 10 years:
• Biological needs of the fish;
• Ecological economics analysis;
• Cost estimates of actions; and
• Prioritization of actions.
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TABLE 8-2

The priority projects listed in this matrix implement
management strategy Policy MS1
(Chapter 5 – Section 5.7) and the Habitat Plan tier 1 conservation hypotheses.

Summary of Priority Projects

Total costs to implement these priority projects range from
$198.3 million to $291.4 million
(Note: There is some overlap among Middle Green River,
Lower Green River, and Duwamish Estuary projects within
each subwatershed-wide category. Costs are adjusted to
avoid double counting).

Duwamish Estuarine Transition Zone
Viable Salmonid
Population
Parameters
Addressed
Abundance,
Productivity,
Diversity

Conservation Hypothesis

Habitat Management Strategy

Hypothesized Necessary Future Conditions

No.

Habitat Plan Action

Location by River
Mile/Reach

DUW-3: Enlarging Duwamish River Estuarine transition zone
habitat by expanding the shallow water and slow water areas
will enhance habitat quantity and quality of this key Chinook
salmon rearing area, leading to greater juvenile salmon
residence time, greater growth, and higher survival.

Restore intertidal mudflats (below
RM 7) and channel edge habitats
(upstream of RM 7) to create low
velocity and shallow water habitat at
expected flow levels during juvenile
migration.

Estuarine habitat (transition zone area where
juveniles adjust to hyperosmotic conditions) is
expanded to encompass 30% of historical habitat
area (target is 173 acres) and habitat quality is
functioning to improve juvenile growth and
survival rate.

1

Duw-7: Shallow water habitat creation (20 acres)

RM 7.0 to 5.5 (both banks)

$15 million to $26 million

2

Duw-9: Bank restoration and revetment setback

RM 6.6 to 5.5

$1,06 million to $1,8 million

3

Duw-10: North Wind’s Weir shallow water habitat

RM 6.3 (right bank)

$1.8 million to $2 million

4

Duw-11: Shallow water habitat creation (10 Acres)

RM 5.5 to 4.7

$17 million to $43 million (10 ac).

Costs

Substitute lost slow water/shallow
water areas, focusing actions at the
mouth of the Duwamish to RM 1,
between RM 2-5, and upstream of RM
5.5.
Rehabilitate riparian areas in the
entire watershed.
Total:
$35 million to $73 million

File Name: 0508_W9HP_T8-2A.eps lpre

TABLE 8-2

Summary of Priority Projects

Middle Green River, Lower Green River, Estuary, and Marine Nearshore Rearing Habitat
Viable Salmonid
Population
Parameters
Addressed

Conservation Hypothesis

Habitat Management Strategy

Hypothesized Necessary Future Conditions

No.

Habitat Plan Action

Location by River
Mile/Reach

Costs

Refugia is established that provides habitat to
support both juvenile and adult Chinook (RM
31.3-45.3).

1

MG-1: Upper (Middle) Green River side channels

RM 60

$676,000 to $775,000

2

MG-2: Brunner Slough (Kanaskat North) off-channel
creation

RM 58

$1.2 million to $1.4 million

3

MG-3: Flaming Geyser floodplain reconnection,
side channel connection, and habitat restoration

RM 45.1 to 44.3

$2.2 million to $3.4 million

4

MG-4: Flaming Geyser side channel construction,
floodplain reconnection

RM 44

$608,000 to $1.1 million

5

MG-6: Newaukum Creek riparian planting and
large woody debris placement

RM 14.3 to 0

$4.3 million to $4.9 million

6

MG-8: Newaukum Creek mouth riparian planting
and large woody debris

RM 4.3 to 0.3

$938,000 to $1.1 million

7

MG-9: Lones Levee removal and channel migration
restoration

RM 38

$2.9 million to $3.3 million

9

MG-10: Burns Creek replanting, large woody
debris placement, fencing

RM 38

$421,500 to $483,000

10

MG-11: Turley Levee setback, floodplain reconnection

RM 37

$195,000 to $222,000

11

MG-12: Levee Setback to reconnect floodplain
and allow channel migration

RM 36

$1.5 million to $2.7 million

12

MG-13: Hamakami Levee breach to reconnect
Floodplain

RM 36

$650,000 to $ 744,000

13

MG-14: Kaech Side Channel and wetland reconnection

RM 35

$267,000 to $305,000

14

MG-15: Neely and Porter Levees setback and
floodplain reconnection

RM 35.5 to 34.5

$7.5 million to $13 million

15

MG-16: Ray Creek replanting, off-channel
reconnections, and fencing

RM 34.2

$2.2 million to $2.5 million

16

MG-17: Porter Levee setback and floodplain
reconnection

RM 34

$974k to $1.1 million

17

MG-18: Fenster-Pautzke setback and floodplain
reconnection

RM 32

$940,000 to $1.7 million

18

MG-19: Middle Green acquisitions

Various

$23.7 million to 26.2 million
(if all properties acquired)

Middle Green River Subwatershed
Abundance,
Productivity,
Diversity, and Spatial
Structure

MG1: Protecting and creating/restoring habitat that provides
refuge (particularly side channels, off channels, and tributary
access), habitat complexity (particularly pools) for juvenile
salmon over a range of flow conditions and at a variety of
locations (e.g. mainstem channel edge, river bends, and tributary
mouths) will enhance habitat quality and quantity and lead to
greater juvenile residence time, greater growth, and higher
survival.
MG3: Protecting and restoring natural sediment recruitment
(particularly spawning gravels) by reconnecting sediment
sources to the river will help maintain spawning, adult holding,
and juvenile habitat.

Restore areas with some functioning
off-channel habitat; restore lateral
channel migration to create
off-channel habitat.
Restore lateral channel migration to
recruit sediments.
Restore natural cycle of succession
and plant diversity of riparian areas.
Substitute sediment recruitment
through gravel and large woody
debris supplementation.

Total:
$51.2 million to $65 million
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TABLE 8-2

Summary of Priority Projects

Middle Green River, Lower Green River, Estuary, and Marine Nearshore Rearing Habitat
Viable Salmonid
Population
Parameters
Addressed

Conservation Hypothesis

Habitat Management Strategy

Hypothesized Necessary Future Conditions

No.

Habitat Plan Action

Location by River
Mile/Reach

Mainstem, tributary, and off-channel habitats are
improved to increase juvenile rearing, life-stage
diversity and productivity (increase egg-to-fry and
fry-to-fingerling survival rates). Targets are
functioning habitats representing 45% of historical
habitat area. Habitats are side channels (target =
4.5 km), wetlands (target = 1185 acres, tributaries
within the valley bottom (target = 36 km), ponds
(target = 32 acres), shallow channel edges, large
woody debris jams, and in-channel pools.

1

LG-1: Riverside Estates side channel

RM 28.8 (left bank

$504,000 to $577,000

2

LG-2: Olson Creek

RM 28.5 (right bank)

$700,000 to $900,000

3

LG-3: Horsehead Bend

RM 26

$605,000 to $692,000

4

LG-4: Off-channel habitat rehabilitation

RM 25.9 (left bank)

$970,000 to $1.8 million

5

LG-5: Northeast Auburn Creek

RM 25.6 (left bank)

$732,000 to $838,000

6

LG-6: Acquisition, revetment setback, floodplain
wetland restoration and off-channel habitat
rehabilitation

RM. 25.3-25.1 (left bank)

$2.8 million to $5.0 million

7

LG-7: Lower Mill Creek, Green River Park,
Hawley Road Levee and Lower Mullen Slough

RM 24-21.3

$4.4 million to $5 million

8

LG-8: Schuler Brothers Reach

RM 2.1-0.3

$2.5 million to $3 million

9

LG-9: Rosso Nursery off-channel rehabilitation
and riparian restoration

RM 20.8 to 20

$1.0 million to $1.6 million

10

LG-10: Mainstem maintenance
(including Boeing Levee)

RM 32 to 17

$35 million to $40 million

11

LG-11: Acquisition and off-channel habitat
rehabilitation

RM 17.3-16

$11.0 million to $22 million

12

LG-12: Briscoe Levee setback/off-channel
habitat rehabilitation

RM 16.1-15.8

$700k to $1.2 million

13

LG-13: Acquisition, levee setback,
habitat rehabilitation

RM 15.3-14.7

$2.6 million to $ 3.7 million

14

LG-15: Habitat rehabilitation

RM 12.65-12.5

$1.0 million to $1.5 million

15

LG-16: Gilliam Creek

RM 12.5

$629,000 to $721,000

16

LG-17: Fort Dent Levee setback

RM 11.7–11.4

$200,000 to $330,000

17

LG-18: Black River Marsh

RM 11.0

$45,000 to $52,000

18

LG-19: Lower Springbrook Reach

RM 1.0

$4.3 million to 5 million

Costs

Lower Green River Subwatershed
Abundance,
Productivity,
Diversity, and Spatial
Structure

LG1: Protecting and creating/restoring habitat that provides
refuge (particularly side channels, off channels, and tributary
access), habitat complexity (particularly pools) for juvenile
salmon over a range of flow conditions and at a variety of
locations (e.g. mainstem channel edge, river bends, and tributary
mouths) will enhance habitat quality and quantity and lead to
greater juvenile residence time, greater growth, and higher
survival.

Rehabilitate existing bank lines to
create low velocity and shallow water
habitat during juvenile migration
Rehabilitate off-channel habitat by
reconnecting habitats to mainstem.
Rehabilitate riparian areas by
establishing native vegetation along
banks of mainstem and tributaries.
Substitute loss of slow water areas by
creating new off-channel habitats
and placement of large woody debris
along bank lines.

Hydrologic connection to floodplain, tributaries
and historical off-channel habitats are restored to
achieve 45% of historical habitat area.

Total:
$70 million to $94 million
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TABLE 8-2

Summary of Priority Projects

Middle Green River, Lower Green River, Estuary, and Marine Nearshore Rearing Habitat
Viable Salmonid
Population
Parameters
Addressed

Conservation Hypothesis

Habitat Management Strategy

Hypothesized Necessary Future Conditions

No.

Habitat Plan Action

Location by River
Mile/Reach

Mainstem, off-channel, and tributary habitats are
improved to increase juvenile rearing, life-stage
diversity and productivity (increase egg-to-fry and
fry-to-fingerling survival rates). Targets are
functioning habitats representing 30% of historical
habitat area. Habitats are shallow channel edge,
Palustrine and Riverine-tidal wetlands
(target=267 acres), and off-channel habitat
(target=5 acres).

1

Duw-7: Shallow water habitat creation (20 acres)

RM 7.0-5.5

$15 million to $26 million

2

Duw-9: Bank restoration and revetment setback.

RM 6.6 to 5.5

$1.06 million to $1. 8 million

3

Duw-10: North Wind’s Weir shallow
water habitat creation

RM 6.3 (right bank)

$1.8 million to $2 million

4

Duw-11: shallow water habitat creation (10 acres)
at RM 5.5-4.7 (both banks)

RM 5.5-4.7

$17 million to $43 million

5

Duw-12: South Park bank restoration and
shallow water habitat creation

RM 3.8-3.7 (left bank)

$1.6 million -$1.7 million

6

Duw-13: Kellogg Island rehabilitation

RM 1.4-1.2

$2.5 million to $ 7.7 million

Costs

Duwamish Estuary Subwatershed
Abundance,
Productivity,
Diversity

DUW-3: Enlarging Duwamish River Estuarine transition zone
habitat by expanding the shallow water and slow water areas
will enhance habitat quantity and quality of this key Chinook
salmon rearing area, leading to greater juvenile salmon
residence time, greater growth, and higher survival.

Restore intertidal mudflats (below
RM 7) and channel edge habitats
(upstream of RM 7) to create low
velocity and shallow water habitat at
expected flow levels during juvenile
migration.

Total:
$39 million to $82.2 million
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TABLE 8-2

Summary of Priority Projects

Middle Green River, Lower Green River, Estuary, and Marine Nearshore Rearing Habitat
Viable Salmonid
Population
Parameters
Addressed

Conservation Hypothesis

Habitat Management Strategy

Hypothesized Necessary Future Conditions

No.

Habitat Plan Action

Location by River
Mile/Reach

Marine sediment recruitment and transport rates
approach natural rates to maintain existing habitat
and support habitat development to increase
life-stage productivity.

1

NS-1: Pier 90 shallow water habitat rehabilitation

Pier 90 (Seattle)

$2.2 million to $6 million

2

NS-2: Myrtle Edwards Park small pocket beaches/
shallow water habitat rehabilitation

Myrtle Edwards Park
(Seattle)

$7.7 million to $8.9 million

Marine habitats are improved to increase juvenile
rearing, life-stage diversity, and productivity.
Marine nearshore habitats include salt marshes,
beaches and backshore, pocket estuaries, and
shallow water habitat.

3

NS-3: Olympic Sculpture Park tidal embayment/
shallow water habitat rehabilitation

Olympic Sculpture Park
(Seattle)

$2.5 million

4

NS-4: Seattle Waterfront shallow water bench
habitat rehabilitation

Elliott Bay (Seattle)

$7.7 million to $8.5 million

5

NS-5: Burien Seahurst Park shoreline restoration,
Phase 2

Seahurst Park (Burien)

$5.3 million to $5.9 million

6

NS-10: Ellis Creek saltmarsh protection and
restoration on Vashon Island

Ellis Creek (Vashon Island)

$450,000 to $1.6 million

7

NS-11: Feeder Bluff protection and restoration of
beach feeding processes in Normandy Park

Normandy Park

$318,000 to $ 1 million

8

NS-12: Pocket Estuary restoration of Unnamed Creek
in Normandy Park

Normandy Park

$600,000 to $2,000,000

9

NS-14: Evaluate how to improve habitat value of
Raab’s lagoon.

Raab’s Lagoon (Maury Island)

Costs not available

10

NS-17: Functioning nearshore habitat protection

Various locations

$11.3 million to $12.6 million
(total cost if all 51 properties
were acquired)

11

NS-18: Sandford Point feeder bluff restoration
on Vashon Island

Vashon Island

$90,000 to $300,000

12

NS-19: Tramp Harbor intertidal fill removal
on Vashon Island

Vashon Island

$90,000 to $300,000

13

NS-20: Maury Island fill removal

Vashon Island

$45,000 to $150,000

14

NS-21: Sandy Beach fill and derelict pier removal
on Vashon Island

Vashon Island

$82,500 to $275,000

Costs

Marine Nearshore Subwatershed
Abundance,
Productivity,
Diversity, and Spatial
Structure

NSP2: Protecting and increasing the availability of vegetated
shallow nearshore and marsh habitats will enhance habitat
quantity and quality and lead to greater juvenile salmon
residence time, greater growth, and higher survival.

Abundance,
Productivity

NSP3: Protecting nearshore sediment transport processes by
reconnecting sediment sources and removing shoreline
armoring that impacts sediment transport will lead to greater
prey production, greater juvenile salmon growth and higher
survival.

Protect existing functioning
nearshore rearing habitat.
Restore sediment recruitment and
transport processes.
Restore shallow water habitats.
Restore riparian vegetation.
Restore beaches, backshore, and
associate plant communities.

Marine riparian zone is functioning and effective
buffer widths are established to provide all riparian
functions.

Total:
$38 million to $50 million
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TABLE 8-2

Summary of Priority Projects

Middle Green River and Lower Green River Spawning Habitat
Viable Salmonid
Population
Parameters
Addressed

Conservation Hypothesis

Habitat Management Strategy

Hypothesized Necessary Future Conditions

No.

Habitat Plan Action

Location by River
Mile/Reach

Costs

Middle Green River Subwatershed
Abundance,
Productivity,
Diversity, and Spatial
Structure

Abundance,
Productivity

MG1: Protecting and creating/restoring habitat that provides
refuge (particularly side channels, off channels, and tributary
access), habitat complexity (particularly pools) for juvenile
salmon over a range of flow conditions and at a variety of
locations (e.g. mainstem channel edge, river bends, and tributary
mouths) will enhance habitat quality and quantity and lead to
greater juvenile residence time, greater growth, and higher
survival.
MG3: Protecting and restoring natural sediment recruitment
(particularly spawning gravels) by reconnecting sediment
sources to the river will help maintain spawning, adult holding,
and juvenile habitat.

Restore areas with some functioning
off-channel habitat; restore lateral
channel migration to create
off-channel habitat.
Restore lateral channel migration to
recruit sediments.
Restore natural cycle of succession
and plant diversity of riparian areas.
Substitute sediment recruitment
through gravel and large woody
debris supplementation.

Refugia is established that provides habitat to
support both juvenile and adult Chinook (RM
31.3-45.3).

(See Middle Green River Subwatershed section of
Table 7-2.

(See Middle Green River
Subwatershed section of
Table 7-2)

All of the projects provide both spawning and rearing
habitat benefits.)

Sediment recruitment and transport rates
approach natural rates to increase productivity of
spawning areas and to maintain and develop
habitats (e.g. pool tail outs, spawning riffles,
shallow channel edge) for improving life-history
productivity. Segment target with suitable gravel
size is 6,300 cubic yards/year to support spawning
habitat (RM 64.4 to 31.3).

Lower Green River Subwatershed
Abundance,
Productivity,
Diversity, and Spatial
Structure

LG1: Protecting and creating/restoring habitat that provides
refuge (particularly side channels, off channels, and tributary
access), habitat complexity (particularly pools) for juvenile
salmon over a range of flow conditions and at a variety of
locations (e.g. mainstem channel edge, river bends, and tributary
mouths) will enhance habitat quality and quantity and lead to
greater juvenile residence time, greater growth, and higher
survival.

Rehabilitate existing bank lines to
create low velocity and shallow water
habitat during juvenile migration
Rehabilitate off-channel habitat by
reconnecting habitats to mainstem.
Rehabilitate riparian areas by
establishing native vegetation along
banks of mainstem and tributaries.
Substitute loss of slow water areas by
creating new off-channel habitats
and placement of large woody debris
along bank lines.

Mainstem, tributary, and off-channel habitats are
improved to increase juvenile rearing, life-stage
diversity and productivity (increase egg-to-fry and
fry-to-fingerling survival rates). Targets are
functioning habitats representing 45% of historical
habitat area. Habitats are side channels (target =
4.5 km), wetlands (target = 1185 acres, tributaries
within the valley bottom (target = 36 km), ponds
(target = 32 acres), shallow channel edges, large
woody debris jams, and in-channel pools.
Hydrologic connection to floodplain, tributaries
and historical off-channel habitats are restored to
achieve 45% of historical habitat area.

1

LG-1: Riverside Estates Side Channel

RM 28.8 (left bank

$504,000 to $577,000

2

LG-2: Olson Creek

RM 28.5 (right bank)

$700,000 to $900,000

3

LG-3: Horsehead Bend

RM 26

$605,000 to $692,000

4

LG-4: Off-channel habitat rehabilitation

RM 25.9 (left bank)

$970,000 to $1.8 million

5

LG-5: Northeast Auburn Creek

RM 25.6 (left bank)

$732,000 to $838,000
Total:
$3.5 million to $4.8 million

Sediment processes and transport rates that
produce spawning gravel (RM 25 to 32) are
reestablished and improved to increase productivity spawning areas, increase spatial structure and
maintain and develop habitats (e.g. pool tail outs,
spawning riffles, shallow channel edge) that will
increase life-history productivity. Spawning
habitat target with suitable gravel size is 45% of
historical levels (5,000 CY/year) for viability of
population.
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Strategies for Funding Actions
in the First Ten Years
The following strategies are intended to maximize both
funds available over the first 10 years of the Plan and
the effectiveness with which they are used:
• Apply funds to the 10-year priority watershed
projects identified in the Habitat Plan (see Table 82: Summary of Priority Projects);
• Maximize existing salmon funding sources and
draw on additional existing sources that could be,
but have not been, used for salmon recovery
priorities;
• Use funds generated in the watershed;
• Aggressively pursue appropriate use of mitigation
funds;
• Track success of overall funding, sources, and
distribution against desired results; and
• If funds fall short of goals, explore alternative
sources or change the Habitat Plan implementation approach.

Proposed Funding Level
The funding needed in the first 10 years to implement
the Habitat Plan priority projects is estimated to be
$164 to $333 million. This amount is based on the 10year priority projects listed in Table 8-2.
In addition, 15% of the total capital investment, or $25
to $50 million over ten years, is recommended by
Puget Sound Shared Strategy to be allocated toward
monitoring, adaptive management, and other key
operational tasks associated with implementation.

Sources of Funds in the First Ten Years

The cornerstone of funding salmon recovery in Washington State is the state Salmon Recovery Funding
Board (SRFB). The mission of the SRFB is to distribute
state and federal funds for salmon habitat projects to
local watersheds through “lead entities.” Currently,
there is no other mechanism in the state that serves
this vital function.
State law, enacted in 1998, required counties, cities,
and tribal governments to jointly designate the area for
which a habitat project list is to be developed and the
lead entity that is to be responsible for submitting the
habitat project list to the SRFB for funding. Shortly
after enactment of these requirements, King County
was nominated as the lead entity for WRIA 9. The
planning area of WRIA 9 initially was the Green/
Duwamish River Watershed and the direct drainages to
Puget Sound, including Elliott Bay and its drainages.
Over the years, agreements were reached with other
watershed groups and communities to include
Vashon/Maury Island and the Puget Sound drainages
of Federal Way in the WRIA 9 salmon habitat planning
area. Today, the planning area of WRIA 9 encompasses
664 square miles, including all of the area of WRIA 9
and portions of WRIAs 8, 10, and 15 (Figure 1-1 of
Chapter 1).
Under the Salmon Recovery Fund Board funding
construct, the WRIA 9 Steering Committee has provided a citizen-based evaluation of the projects and
assessments proposed to protect and restore salmon
habitat in WRIA 9. Since 1999, the WRIA 9 Steering
Committee has secured over $7.3 million in SRFB
grants for 16 habitat projects. These SRFB-funded
projects have been matched by over $4.2 million of
local funds. An additional estimated $10.8 million of
leveraged funding is anticipated as restoration work
advances on the 16 projects. Table 8-3 contains the
projects that have been implemented through the
SRFB funding mechanism in WRIA 9.

The following funding source goals would partially
contribute to meeting funding needs. Regional, state,
and federal funding to make up the balance is discussed in Section 8.6 below.
State Salmon Recovery Funding Board
Goal: Maintain a minimum of $1.45 million in annual
grant appropriations to WRIA 9.

Policy I1:

State Salmon Recovery Funding Board funds shall
be targeted toward the highest habitat priorities for
the recovery of salmon in WRIA 9 in accordance
with the acquisition and project priority system
established in Policy MS1, and guided by the
technical habitat management strategies of
Chapter 5.
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Table 8-3: Salmon Recovery Funding Board Funded Projects in WRIA 9*
Project Name

Project
Sponsor

Year

SRFB Funds
Awarded

Local Match

Total Project
Cost

O’ Grady Park Stream
Restoration

King County

1999

$100,000

$122,000

$222,000

Porter Levee Section 1135
Project

King County

1999

$40,000

$150,000

$190,000

North Fork Newaukum Creek
Habitat

King County

1999

$40,000

$81,019

$121,019

Site 1/Acquisition

King County

2000

$500,000

$1,411,000

$1,911,000

Big Spring Creek Acquisition

King County

2000

$525,000

$95,000

$620,000

Metzler Park Side Channel
Acquisition

King County

2000

$450,000

$90,000

$540,000

Kanaskat North Acquisition

King County

2000

$515,000

$95,000

$610,000

Seahurst Park Sea Wall
Assessment

City of Burien

2000

$82,000

$18,000

$100,000

Kanaskat Reach Acquisition

King County

2001

$795,000

$400,000

$1,195,000

Middle Green Reach
Acquisition

King County

2001

$1,011,000

$179,000

$1,190,000

Habitat Inventory &
Utilization

City of Seattle

2002

$300,000

$90,000

$390,000

Lower Green River Acquisition

City of Kent

2002

$975,000

$230,000

$1,205,000

Kanaskat Reach (Phase 3)

King County

2002

$596,000

$105,000

$701,000

Seahurst Park Nearshore
Restoration

City of Burien

2004

$190,500

$897,500

$1,088,000

Piner Point Acquisition on
Maury Island

King County

2004

$398,980

$71,000

$469,980

Newaukum Creek Restoration

King County

2004

$788,581

$150,000

$938,581

$7,307,061

$4,184,519

$11,491,580

Total

*Includes projects submitted in 1999 to the Interagency Committee’s precursor of the Salmon Recovery Funding Board.
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King Conservation District
Goal: Double the current assessment per parcel from
$5 to $10, and allocate the revenue as follows:
• Double the appropriation to the WRIA Forums.
• Double the appropriation to participating local
governments.
• Double the appropriation to the King Conservation District.
Since 1949, the King Conservation District (KCD) has
helped citizens manage and protect natural resources
in King County. The KCD is a non-regulatory agency
that provides technical assistance and education to
citizens about sustainable agriculture and livestock
management practices, stream and wetland habitat
protection and restoration, and water quality protection and improvement.
The activities of the King Conservation District are
funded primarily through a $5 per-parcel assessment
on properties of member jurisdictions within its
boundaries (most of King County). (At the time of
publication of this Plan, discussions were under way
about increasing the assessment to $10 per parcel
beginning in 2006 and how to allocate the revenue.)
Currently, 20% of the assessment (about $575,000) is
used for operations, programs, and projects of the
KCD, 20% ($575,000) is distributed to the originating
local governments for natural resource management
and conservation projects and programs, and 60%
(about $1,725,000) is distributed through grants to the
Watershed (WRIA) Forums for the Green/Duwamish
and Central Puget Sound ($690,000), Lake Washington/

WRIA 9-endorsed King Conservation District grant applications are often
used as a match to leverage funds from other sources, as was done for the
Olson Creek restoration in Auburn. Photo courtesy of City of Auburn.
Cedar/Sammamish ($690,000), and Snoqualmie
($345,000) Watersheds. The Forums make recommendations to the KCD Board of Supervisors
about how to allocate the grants to a wide range
of natural resource conservation and management projects and programs, many of which are
oriented toward salmon habitat needs and
priorities. The WRIA 9 Watershed Forum recommends a significant portion of its KCD grant to
advance the Green/Duwamish Ecosystem Restoration Project (described below).

Policy I2:
The King Conservation District assessment allocated and split among the Watershed Forums, as
well as the portion of the allocation to local governments, will be a primary source of funding to
implement the habitat actions of the Habitat Plan
during the first 10 years of implementation. The
WRIA 9 Watershed Forum and the King Conservation District should work together to integrate the
habitat project and program priorities of the two
entities.

Grants from the Salmon Recovery Funding Board have allowed the
protection through acquisition of high value habitat such as this shown
here near river mile 39. May 2005 photo.
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Green/Duwamish Ecosystem Restoration
Project

Local Government Contributions
Goals:

Goal: Receive targeted federal budget appropriations
of at least $2.5 million per year.
The Green/Duwamish Ecosystem Restoration Project
(ERP) is the result of eight years of collaborative efforts
to improve fish and wildlife habitat. Over the years, all
of the local governments of WRIA 9 have worked with
the U.S. Army Corps of Engineers, the Muckleshoot
Indian Tribe, and others on this project that identified
45 restoration sites to improve ecosystem conditions in
the watershed. In 2004, Congress provided an initial
appropriation of $500,000 to begin construction. An
additional $1.25 million was appropriated in 2005,
with the local governments having committed to the
local funding requirements of the program. It is
estimated that $113 million is needed to fully implement all 45 projects, many of which are focused on
Chinook salmon habitat restoration. Chinook salmonfocused ERP projects and their locations are included
in Chapter 7 of this Plan.

Policy I3:
The Chinook salmon-focused Green/Duwamish
Ecosystem Restoration Projects will be included
among the priority habitat capital projects for
implementation during the first 10 years of the
Habitat Plan. The primary funding source for
these projects will be direct federal appropriations, matched by local funds primarily through
value of land and King Conservation District
funds allocated to the WRIA 9 Watershed Forum.

• Demonstrate historical, current, and future
commitments to a collaborative, inclusive planning and implementing process for improving
watershed health and recovering listed species;
• Establish strong partnerships with state and
federal governments to fund significant shares of
the priority actions identified in the Habitat Plan;
and
• Document and receive credit for the significant
financial and other contributions that local
governments have made and will make to watershed health and salmon habitat recovery in the
development of the Habitat Plan and Near-Term
Action Agenda and implementation of early
actions. Early actions would include, for example,
matching funds for the Green/Duwamish Ecosystem Restoration Project, matching funds for state
Salmon Recovery Funding Board projects, King
Conservation District funding, and other city and
county projects and programs.
Early in 2000, guided by the Tri-County Model Conservation Planning Effort, local governments of WRIA 9
entered into an interlocal agreement (ILA) to establish
a governance, planning, decision making, and funding
structure for developing, adopting, and ratifying a
comprehensive salmon habitat plan. The 17 local
governments that signed the ILA are: Algona, Auburn,
Black Diamond, Burien, Covington, Des Moines,
Enumclaw, Federal Way, Kent, Maple Valley, Normandy
Park, Renton, SeaTac, Seattle, Tacoma, Tukwila, and
King County.
The WRIA 9 Watershed Forum is the central component of the interlocal agreement governance structure.
Each of the 17 member governments is represented on
the Forum by either an elected official or senior
manager. The Forum functions as the–“board of
directors” in implementing the provisions of the ILA,
primarily the development of this WRIA-based Habitat
Plan to address habitat needs for federally-listed fish
species. The Forum (with the addition of the U. S.
Army Corps of Engineers at the table) also functions as
an executive committee for the Green/Duwamish
Ecosystem Restoration Project (described above). The
Forum has a chair and vice-chair who are annually
selected by its member representatives. The chair of
the Forum functions as the chief executive officer,
providing day-to-day direction on watershed matters.
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has been supported by a Project Selection and Evaluation Committee in its work to identify Salmon Recovery Funding Board projects and the Project Management Committee in its work to advance the Green/
Duwamish Ecosystem Restoration Project.

North Wind’s Wier off-channel habitat construction in Tukwila is one of the
first projects of the Green/Duwamish Ecosystem Restoration. Cleanup of
contaminated soils began in 2004. November 2004 photo.

The Watershed Forum is supported by a seven-member Management Committee. The Management
Committee functions as the executive committee to
the Forum, developing the annual budget proposal
and making management recommendations to the
Forum for decision. It is chaired by the Forum chair.
Pursuant to the WRIA 9 interlocal agreement, the WRIA
9 Steering Committee functions as a multiple-stakeholder planning commission that oversaw the development of this Habitat Plan. (The Steering Committee
also functions, under state law, as the citizen-based
committee that identifies habitat projects and assessments for funding by the state Salmon Recovery
Funding Board as discussed above.) The Steering
Committee has overseen the development of several
major planning and technical documents – WRIA 9
Habitat Limiting Factors and Reconnaissance Assessment (Kerwin and Nelson 2000); the Strategic Assessment (King County Department of Natural Resources
and Parks et al. 2004); and the Near-Term Action
Agenda (WRIA 9 Watershed Coordination Services
2002) — on its journey towards the ultimate product
authorized by the ILA, this comprehensive Habitat
Plan. The Steering Committee is led by co-chairs who
function as facilitators of the planning process.
The Steering Committee has received support from
several subcommittees in developing the above
planning documents, including the Planning Work
Group, Technical Committee, Public Outreach Work
Group, and most recently the Science Panel (see
Chapter 2 – Section 2.5 for additional information on
the roles and responsibilities of these committees). It

The WRIA 9 interlocal agreement creates a funding
mechanism for the above functions of its governance
and decision making structure. Each member local
government provides a cost share that is based on its
population, geographic area, and the assessed value of
property in the jurisdiction. The total cost-shared
amount to support staff and operations is approximately $470,000 annually. About $70,000 is provided
annually by the Washington State Department of Fish
and Wildlife for operating expenses associated with the
Salmon Recovery Funding Board project identification
function of the Steering Committee. King Conservation
District grants match interlocal agreement operating
funds with $60,000 to $250,000 annually, primarily to
support planning, education, and stewardship.
Operating funds are used primarily to support five staff
members who are employees of the King County
Department of Natural Resources and Parks, which
functions as the service provider and fiscal agent of the
interlocal agreement (ILA). While employed by King
County, the ILA staff, referred to as the Watershed
Coordination Services Team, work on behalf of all the
partners to the ILA. King County provides personnel
management of these staff members, but the primary
direction of their work occurs through a memorandum
of understanding among the ILA cost-sharing partners.
King County executes the memorandum of understanding through the Director of the King County
Department of Natural Resources and Parks, but the
Forum acts in its “board of directors” capacity through
the Forum chair.
The memorandum of understanding establishes the
specific services and staff to be provided by the King
County Department of Natural Resources and Parks.
The services include:
• Forum, Management Committee, and Steering
Committee coordination;
• Development of the WRIA 9 Habitat Limiting
Factors and Reconnaissance Assessment, Strategic
Assessment, Near-Term Action Agenda, and this
Habitat Plan;
• Public outreach; project identification and funding;
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• Green/Duwamish Ecosystem Restoration
Project coordination; and

Policy I6:

• Program management and administration.
The following policies are intended to identify
and support the cooperative and individual roles
of the local governments implementing the
Habitat Plan:

Local governments shall consider the priority
habitat projects and programs of the WRIA 9
Habitat Plan as each develops and implements
local capital improvement programs.

Policy I4:
Policy I7:
The WRIA 9 Watershed Forum shall consider the
interlocal agreement for the Watershed Basins
within Water Resource Inventory Area 9 as the
primary implementing governance and decision
making structure of the WRIA 9 Habitat Plan. In so
doing, the Forum should first consider roles and
tasks associated with implementation, thereupon
Forum members should consider one of more of
the following service provisions required to support the implementation of the Habitat Plan:

Local governments shall consider the priority
habitat projects and programs of the WRIA 9
Habitat Plan as each develops and implements
land use, community development, and public
facility plans.

Policy I8:

A. Service provision under contract (existing
arrangement);
B. Creation of a non-profit organization; and
C. Shared service provision for WRIAs 8 and 9.
An initial evaluation of services should occur in
year two or three following approval of services to
make sure the initial course is correct. Subsequent
evaluation may occur on a six-year time frame.

Discussion:
The purpose of Policy I8 is to retain established
land use, zoning, and habitat project provisions on
unincorporated lands that were enacted by King
County to protect habitat. On occasion, these
provisions have been removed as a condition of
annexation.
Policy:
Local governments shall execute annexation and
incorporation agreements that are consistent with
and support the priority habitat projects and
programs of the WRIA 9 Habitat Plan.

Policy I5:
Local governments shall consider the habitat
project and program priorities of the WRIA 9
Habitat Plan as each updates, develops, implements, and enforces land use regulations.
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8.6 ALIGNING FUNDING OF
WRIA 9 PRIORITIES WITH THE PUGET
SOUND SALMON RECOVERY PLAN

Policy I9:
Local governments should coordinate Habitat
Plan implementation with other large-scale
programs and initiatives including but not limited
to the Green/Duwamish Ecosystem Restoration
Project, the Puget Sound Nearshore Ecosystem
Restoration Project, the Washington State Department of Natural Resources and Tacoma Public
Utilities Habitat Conservation Plans, hatchery and
genetic management plans, the Hatchery Scientific Review Group recommendations, the Forest
Legacy Program and Cascade Foothills Initiative,
King County Noxious Weed Program to reduce
invasive species, King County Flood Hazard
Reduction Program, the Lower Duwamish Waterway Superfund cleanup, Vashon Forest Stewards,
and the Urban Forest Program for Ecological
Restoration. This coordination will focus on the
best use and timing of WRIA 9 habitat projects,
programs, and other actions in relation to these
other programs and initiatives.

Policy I10:
Local governments should promote the crossjurisdictional sharing of innovative and proven
approaches for implementing Habitat Plan
actions.

The costs of recovery actions in WRIA 9 are high. It is
estimated that the funding needed to implement the
priority capital project actions identified in Table 8-2
will range from $198 to $291 million over the first 10
years of implementation. Appendix I contains the
estimated cost of each capital project action, the total
cost of projects in each subwatershed, and the rolledup estimated costs of all projects over the next 10
years. Costs have not yet been estimated for recommended programs.
In the past several years, WRIA 9 has managed, through
the funding sources described above, to secure from
$1.4 to $2.5 million annually to implement priority
habitat actions (of the Near-Term Action Agenda and
pursuant to existing technical guidance). While existing funding from the Salmon Recovery Funding Board,
King Conservation District, and other state and federal
programs, together with current local funds used for
fish and habitat management actions such as the
Conservation Futures Tax program, has been adequate
to put WRIA 9 on the road to recovery, current sources
and amounts are not enough to achieve implementation of the actions of Chapter 7 in 10 years. It is widely
acknowledged that it will be more difficult to raise even
current funding levels from existing sources in the near
future as environmental funding is shrinking or
stagnant at every level of government.
A funding strategy was developed for the Puget Sound
Salmon Recovery Plan to fund priority actions in Puget
Sound. A leadership group that was convened by
Shared Strategy provided guidance on several key
issues and recommended that partners:

Policy I11:
Implementers should maintain vegetation at
habitat restoration and protection projects.
Maintenance at both types of projects consists of
control of noxious weeds and other non-native
invasive plants and deterrence of undesired uses
such as dumping and occupancy that can damage
habitat value.

• Aim for a doubling from combined current local,
state, and federal funding levels in Puget Sound
(estimated to be about $60 million per year) to an
average of $120 million per year over 10 years
(with the greatest increases in funding from the
state and federal governments);
• Maximize existing salmon funding sources and
draw on additional existing sources that could be
used for salmon recovery priorities such as
mitigation dollars, federal farm programs, and
public and private grant programs;
• Redirect a portion of mitigation funding toward
recovery plan priorities, especially in highly
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urbanized watersheds that have the greatest
opportunities for mitigation;

Policy I13:

• Distribute funds across Puget Sound to address
both scientific and policy issues; and
• Maintain the contributions to salmon recovery of
local governments.
It is not known which priority actions of WRIA 9 will
be considered as priorities cross-Puget Sound. It is
likely, however, that the $120 million per year target
for Puget Sound offers meaningful funding
opportunities for WRIA 9. A smaller group of regional
leaders, including representatives from WRIA 9, will
continue to address the many issues associated with
the regional funding strategy.
With the likely funding need cross-Puget Sound so
high — indeed with the cost of habitat recovery so
high in WRIA 9 alone — it behooves WRIA 9 to
examine its own dedicated funding sources to
implement the priority actions of the Habitat Plan.
The ecological economics analysis that was performed
for WRIA 9 (Asia-Pacific Environmental Exchange
2005) demonstrates a vast amount of value provided
by the Green/Duwamish and Central Puget Sound
Watershed to its citizens. Moreover, the analysis
suggests that salmon restoration in WRIA 9 will
enhance at least 23 highly valuable ecosystem
services. Chapter 6, Ecological Economics
Foundation, provides more information on how the
ecological economics analysis that was performed in
WRIA 9 can help substantiate funding for
implementing the Habitat Plan.
The following policies address how to fund Habitat
Plan implementation and complement policies I1, I2,
and I3 described above:

Policy I12:
Local governments will support examining
funding options and a financing strategy for
identifying priority habitat projects and programs
throughout Puget Sound. The WRIA 9 Watershed
Forum will seek representation on the regional
leadership group and its subcommittees that will
be tasked with the examination of options and
identification of priorities.

During the first year of implementation, local
governments shall develop and consider a menu
of funding ideas for implementing priority habitat
actions of the WRIA 9 Habitat Plan.

Policy I14:
During the first three years of the Habitat Plan,
federal, state, regional, and local governments will
align appropriate funding sources with the
priority habitat projects and programs of the
Habitat Plan. When applicable, other stakeholders,
including businesses, corporations, land trusts,
conservancies, and non-profits, are strongly
encouraged to align funding with the
recommendations of the Habitat Plan. Local
governments will seek untapped or underused
funding sources for salmon projects.

Policy I15:
Pursuant to monitoring and adaptive
management recommendations of the Habitat
Plan, progress on implementation should be
coordinated among federal, state, regional, and
local governments and other stakeholders. Open
communication and honest assessment of
progress will be used to ensure that the public
understands and supports Plan implementation
and that implementation stays on track.
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3) Projects that are within the Agricultural Production District, but not on farmland that is within
the Farmland Preservation Program, shall be
implemented third and shall follow the principles of Habitat Plan Policy I18 (below).

Policy I16:
An appropriate level of mitigation funding should
be re-directed (either on-site or off-site,
whichever is applicable) toward Habitat Plan
priority actions in the distinct habitats outlined in
Policy MS1 in Chapter 5 (Duwamish Estuary
transition zone habitat; Middle Green River,
Lower Green River, Duwamish Estuary, and
Marine Nearshore rearing habitat; and Middle
Green River and upper Lower Green River
spawning habitat).

Approach to Habitat Project Implementation
in the Agricultural Production Districts of
WRIA 9
Agriculture is a critically important land use and
commercial enterprise system that must be preserved
in tandem with salmon recovery in WRIA 9. Indeed,
one only need float the Green River between Flaming
Geyser State Park to Highway 18 (an area that is wholly
within a King County Agricultural Production District)
to gain a sense of how agriculture has already
contributed to salmon recovery (see Chapter 2–
Section 2.6 for discussion of the role of the agricultural
community in salmon habitat recovery). This reach of
the river is remarkably undeveloped, with broad
sweeps of unfragmented habitat and room for the
river to move. While the Habitat Plan documents
factors of decline in the Middle Green River and it lists
many capital projects to restore and augment natural
features and processes that will help salmon in the
Middle Green, the fact remains that this portion of the
river has benefited from agricultural zoning and
farming when compared to alternative land zoning
and uses.

During the second 10 years of the Habitat Plan, proposed projects that negatively affect tillable surface
may be reconsidered. Reconsideration shall happen
after there has been an evaluation of the results of the
agricultural restoration projects that have occurred
without negatively affecting existing tilled soils. This
evaluation shall occur as a part of the adaptive management process.
Cities benefit from farming and the products that
farming near the cities provides. Cities also benefit
from the low-density requirements in farming and
rural areas that complements the density directed to
the Urban Growth Area. It behooves cities to do what
they can to help the County administer programs that
help keep agricultural land and farming in WRIA 9.

Policy I17:
Implementation of the King County Livestock Management ordinance should be supported by cities. This
ordinance, which is implemented by King County,
seeks to improve and protect riparian areas in agricultural areas through setbacks, compliance monitoring,
and cost sharing.

For the first 10 years of the Habitat Plan, the construction of the priority habitat rehabilitation projects
identified by the Middle Green“Blueprint” (Chapter 7)
for the mainstem Green River shall be sequenced as
follows:
1) Projects located on existing public land shall be
implemented first;
2) Project located within the Rural and Urban
Growth Areas shall be implemented second;
and

The Upper Green Agricultural Production District, located between river
miles 43 and 34, ensures continued agricultural land uses adjacent to the
Middle Green. September 2002 photo.
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Policy I18:
Jurisdictions shall protect, enhance, and restore
high quality salmon habitat in the Agricultural
Production Districts while retaining the agricultural lands zoned for protecting and maintaining
the viability of agriculture. Jurisdictions and
agencies shall work with agricultural landowners
in the Agricultural Production Districts to:
• Correct water quality problems resulting from
agricultural practices, including:
- Implementing best management practices
for livestock and horticulture.
- Planting riparian corridors as needed where
temperature is a water quality issue for
salmonids.
• Prevent any further removal of forested
riparian buffers.
• Continue riparian plantings, levee and
revetment setbacks, relocation of channels
and construction of off-channel refugia,
limiting the scope of projects such that future
farming on non-forested acreage is not
precluded through acquisition unless:
- Projects are on lands that are not farmed or
deemed as farmable; or
- Projects also present benefits for farmland
such as reducing bank erosion.
•

Encourage landowners to pursue voluntary
sustainable actions for fish, farms, and soils.
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9.1 INTRODUCTION
The Habitat Plan is meant to guide local actions over
the next 10 years to move habitat conditions in the
Green/Duwamish and Central Puget Sound Watershed
(Water Resource Inventory Area 9 [WRIA 9]) towards
conditions that will support salmon recovery. The Plan
reflects the best available information at the time of
completion, but there is still much to be learned
through Plan implementation efforts.1
Adaptive management is a systematic process for
continually improving management policies and
practices by learning from the outcomes of projects
and programs (Marmorek 2003). Adaptive management embodies a simple imperative: policies and
actions are experiments – learn from them (Lee 1993).

Adaptive management recognizes that uncertainty and
unexpected changes are inherent in managing complex ecological systems. Adaptive management is a
problem-solving approach to address this uncertainty
that relies on six steps (see Figure 9-1): 1) assessment,
2) design, 3) implementation, 4) monitoring, 5) evaluation, and 6) adjustment. Assessment involves defining
the problem, selecting indicators, and assessing
alternative management actions. Design involves the
development of a management experiment and the
identification of expected outcomes for the different
actions. Implementation of actions follows within the
context of learning from expected action outcomes.
Monitoring is carried out to determine the effectiveness of the actions in meeting the goals or outcomes.
Data from monitoring are evaluated and compared to
expected outcomes and results are interpreted to
analyze unexpected outcomes. Decision makers adjust
goals and/or actions in response to new information to
more effectively address Plan goals.

FIGURE 9-1: Six Steps of Adaptive Management

ASSESS

Define the problem and
identify uncertainties
DESIGN

Identify actions and
expected outcomes

ADJUST

IMPLEMENT

Compare results to
expected outlines

IMPLEMENT

MONITOR

1. An aspect of adaptive management and monitoring are scientific studies that tell us more about the watershed. A list of possible
studies for the WRIA 9 Watershed is found in Appendix J.
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9.

9.2 ADAPTIVE MANAGEMENT
Adaptive management is an integral component of
implementation. An adaptive management framework
includes an institutional structure that, in combination with monitoring and evaluation, can be used to
judge progress in achieving Plan goals and objectives.
The framework also explicitly lays out how information
from monitoring and evaluation efforts will guide
decisions about future strategies and actions.
The adaptive management literature identifies the
basic elements of an adaptive management based
program to implement a plan such as this Habitat
Plan. The draft platform statement on implementation
from the Shared Strategy Summit (dated January 20,
2005) also identifies the necessary elements of an
adaptive management plan for Puget Sound salmon
recovery plans that are quite similar to the components included in the WRIA 9 Technical Strategy (2003).
Using these background materials, the basic elements
of an adaptive management program for WRIA 9 can
be summarized as follows:
1.

Goals: What goals for salmon does the WRIA 9
Habitat Plan aim to achieve?

2.

Hypotheses: What are the hypotheses regarding
life stages that are thought to be limiting recovery
of the salmon populations in WRIA 9?

3.

Strategies: What habitat, hatchery, and harvest
strategies will be used to address the primary
factors hypothesized to be limiting recovery of
WRIA 9 salmon populations?

4.

Actions: What specific actions are included in the
WRIA 9 Plan to implement the strategies and
achieve objectives?

5.

Measures: What metrics will be used to indicate
population status and the effectiveness of actions
aimed at improving the population status?

6.

Communication and Decision Making: How will
key people be made aware of the results of actions
on salmon?

7.

Institutional Structure: What is the institutional
structure that supports the implementation of the
Habitat Plan and clearly defines roles and responsibilities for each element?

Commitments: What commitments will key
players provide that are necessary for Habitat Plan
implementation?

Passive Versus Active Adaptive Management
Literature about adaptive management notes that
there are two key options for implementation: passive
or active. “Passive” adaptive management is a more
formal approach where historical information is used
to select the best alternative management actions.
Ecosystem response to the action(s) is observed and
the action is adapted accordingly. A major drawback of
passive adaptive management is that it confounds
(mixes together) environmental and anthropogenic
(human-caused) effects because replicates and controls are not utilized. This often leads to conflict over
whether ecological responses are due to environmental or anthropogenic effects.
“Active” adaptive management is a systematic process
of modeling, experimentation, and monitoring to
compare the outcomes of alternative management
actions (Farr 2000). Here, multiple management
actions are applied to the landscape following a
rigorous experimental design that allows scientists and
managers to compare ecosystem response to alternative management actions. Through experimental
design, active adaptive management accelerates the
rate of learning about managed ecosystems, allowing
managers to select more effective actions and reduce
the economic and ecological cost of resource management. In active adaptive management, managers
design actions to discriminate between alternative
approaches, and thus reveal the “best” management
action.
Both passive and active adaptive management require
careful implementation, monitoring, evaluation of
results, and adjustment of objectives and practices.
Active adaptive management usually allows more
reliable interpretation of results, leads to more rapid
learning, and is recommended for implementation in
WRIA 9 wherever feasible. It also leads to more certainty that actions are leading to desired or expected
outcomes.

8. Resources: What are the resources necessary to
carry out each element of the Habitat Plan over the
necessary time period and geographic area?
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WRIA 9 Adaptive Management Plan Elements
Using the basic elements of an adaptive management
program noted above as a framework, the summary
responses to the organizing questions for WRIA 9 are
presented below. More detail is presented in the WRIA
9 Strategic Assessment (King County Department of
Natural Resources and Parks et al. 2004).
Goals: What goals for salmon does the WRIA 9 Habitat
Plan aim to achieve?
The overall goal for WRIA 9 (Steering Committee 2002)
is to protect, rehabilitate, and enhance habitat to
support viable salmonid populations in response to
the Endangered Species Act listing of Chinook salmon
and bull trout using an ecosystem approach. This
approach will also benefit other non-listed aquatic
species. More detail on other goals and objectives are
presented in Chapter 4 - Section 4.3.

Adaptive management requires careful planning to ensure that
monitoring provides useful data for future management decisions.

Recognizing Uncertainty in Plan
Implementation
Despite significant efforts to assess and evaluate
salmonid populations and to develop a plan of action
to protect, restore, rehabilitate or substitute aquatic
habitats, considerable uncertainty still exists in
determining the effectiveness of these collective
actions. If this uncertainty is acknowledged and
understood to be a consequence of the inherent
complexity of the ecological systems being addressed,
it is possible to plan for it in monitoring and adaptive
management efforts. These uncertainties originate in
the unpredictability of the response of salmonids to
habitat management actions, the limits of existing
analytical techniques to accurately describe the
response, and the varying and often long time frames
necessary for data collection and monitoring efforts to
measure the response (WRIA 8 2004). If this
uncertainty is recognized, it is possible to capitalize
on it in adaptive management and monitoring efforts
by turning new knowledge into more effective actions
in the future. Actions that carry the greatest
uncertainty, but also great potential for benefits,
should receive emphasis in monitoring and adaptive
management efforts.

The recommended preliminary long-term population
target for Chinook salmon is 27,000 spawning adults
(King County Department of Natural Resources and
Parks et al. 2004). Refinement of the planning target
will occur as additional analyses are completed.
Increasing productivity of the natural origin recruit
population is the short-term priority goal, with the
intent of maintaining or improving the current adult
recruits per spawner ratio of 2.3. The longer-term goal
is to enhance the spatial structure of the Chinook
population because of the significant losses in spatial
structure that have occurred over time. With improvements to spatial structure, greater diversity, particularly with respect to life history trajectories, will also
follow. Addressing spatial structure and diversity is a
long-term process, but it should begin now. An important objective will be to expand the spawning aggregations for natural origin recruits by increasing the
number of suitable habitat patches for successful
spawning. The existing life history trajectories should
be conserved and the opportunity for expression of
historical life history trajectories should be enhanced.
More detail on the goals for the viable salmonid
population (VSP) parameters are presented in the
Strategic Assessment (King County Department of
Natural Resources and Parks et al. 2004). Habitat
targets have also been developed for the five
subwatersheds to support a viable Chinook population. More detail on these targets can be found in
Chapter 4 - Section 4.6.
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recovery. It is important to recognize that these hypotheses represent habitat conditions that are believed
necessary to achieve a viable salmon population.
Throughout implementation, monitoring, and evaluation, these hypotheses can be tested and refined to
reflect improved understanding of habitat conditions
and population response.
Strategies: What habitat, hatchery, and harvest strategies will be used to address the primary factors hypothesized to be limiting recovery of WRIA 9 salmon populations?

Juvenile salmonid survival studies have provided information on life
stages limiting survival. Shown here is a screw trap for juvenile capture in
Kent. 2003 photo.
Hypotheses: What are the hypotheses regarding life
stages that are thought to be limiting recovery of the
salmon populations in WRIA 9?
It is hypothesized that Duwamish estuary transition
zone habitat; Middle and Lower Green River,
Duwamish estuarine, and marine nearshore rearing
habitat; and Middle Green and upper Lower Green
spawning habitat are the most limiting habitats
affecting Chinook recovery in the WRIA 9 watershed.
WRIA-wide, the primary factors hypothesized to be
contributing to the reduced quantity and quality of
rearing and spawning habitat include shoreline
armoring (conservation hypothesis All-6), instream
flows (All-4), and riparian zone conditions (All-2). (See
Chapter 4 – Section 4.5 for information on the conservation hypotheses.) In the five subwatersheds (Figure
1-1), Chinook salmon access above the dams (conservation hypothesis UG-1), natural sediment recruitment in the Upper and Middle Green (UG-4, MG-3),
habitat that provides refugia (side channels, off channels, and tributary access) and habitat complexity over
a range of flow conditions and at a variety of locations
(Duw-4, LG-1, MG-1), preserving/restoring habitat in
lower Newaukum and Soos creeks (MG-4), expanding
and enhancing the estuary, particularly shallow
subtidal and intertidal habitats, the transition zone,
and natural sediment process (Duw-1, Duw-3, Duw-5),
and protecting and restoring nearshore sediment
transport and shallow water habitat (Near-3, Near-2)
are key factors to be addressed. Finally, improving
harvest practices to target hatchery salmon and release
naturally-produced salmon (conservation hypothesis
NH-1) and modifying hatchery practices (NH-2) are
seen as important actions to support and achieve

The WRIA 9 Plan is designed to increase rearing and
spawning habitat in the fresh water areas of the
watershed and rearing habitat in the estuary and
marine nearshore. Habitat management strategies in
fresh water environments include protecting or
restoring natural channel geomorphology, sediment
recruitment, off-channel habitats, tributary habitats
and inaccessible mainstem segments, refugia, riparian
areas, water quality, and water quantity. In marine and
estuarine nearshore areas, strategies focus on shallow
water habitats, riparian areas, sediment recruitment,
habitat formation and maintenance, migrational
passage, water quality, sediment quality, pocket
estuaries, water quantity (including springs and
seeps), submerged aquatic vegetation, beaches and
backshore, and salt marshes. More detail on these
strategies is presented in Chapter 5, Habitat Management Strategies and Policies.
In planning for rearing habitat for juvenile salmonids
in the Middle and Lower Green River, Duwamish
estuary, and marine nearshore, it is important to take
into account the habitat needs of both hatchery and
natural origin salmon. This includes habitat capacity
and availability of prey, particularly as related to
potential competition between hatchery and natural
origin (wild) fish. Several strategies are being considered for management of hatchery effects, including
timing of hatchery releases and management of the
hatchery broodstock. Under an integrated approach,
the goal would be to reduce hatchery origin recruit
escapement to the spawning grounds to 30% or less
(for perspective, under a segregated approach, the goal
would be 5% or less).
Harvest strategies also could be altered to maximize
the catch of hatchery fish and minimize catch of
natural origin recruits. A strategy to employ live
capture techniques to harvest hatchery salmon and
release natural salmon would reduce mortality of
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Spatial Structure:

naturally-produced salmon while providing the
opportunity to harvest a greater percentage of hatchery fish. This also would reduce straying of hatchery
fish to the spawning grounds.

• Spawning surveys to determine if spawning aggregations are expanding;
• Juvenile outmigration to gauge whether
the timing and percentage of fry/fingerlings outmigrants changes with better
quality habitat and changes in flow
management; and

Actions: What specific actions are included in the WRIA 9
Plan to implement the strategies and achieve objectives?
Freshwater projects include levee setbacks, construction of side channel and off channel habitat, floodplain
connections, large woody debris placement and gravel
supplementation, riparian revegetation, and improved
management of water quantity and quality. Estuarine
projects include revetment setbacks, creation of
shallow water habitat, vegetation rehabilitation,
improvement of water quality, and noxious weed
control. Marine nearshore projects include creation or
rehabilitation of small pocket beaches, shallow water
habitats, tidal embayments, and salt marshes, improved access for salmonids to tributaries, encouragement of soft armoring of shorelines (where armoring is
absolutely necessary), and improved management of
septic systems. Habitat protection using a variety of
techniques is also recommended to protect existing
functioning habitat. See Chapter 7 for more detail on
proposed WRIA 9 actions.

• Utilization of rearing habitats by juvenile
salmonids in the river, estuary, and
marine nearshore (expensive and highly
variable).
2.

Determine if water quality is improving for critical
parameters (e.g., temperature, dissolved oxygen)
and reaches (e.g., key spawning and rearing areas
of the Middle and Lower Green River, and tributaries);

3.

Determine if flow conditions have improved in
terms of meeting instream flow targets (e.g.,
conservation flows from the Howard Hanson Dam
Additional Water Storage Project, achieving more
natural flow regimes);

4.

Determine the change in specific habitat types
identified in the Necessary Future Conditions
analysis (e.g., estuarine wetland habitat, braided
channels, side channels, shallow channel edge
habitat, large woody debris jams, in-channel
pools). (Specific information on targets for hypothesized Necessary Future Conditions can be found
in Chapter 4-Section 4.5); and

5.

Implementation monitoring to determine whether
projects and programs are being implemented per
the Plan and whether projects are accomplishing
the anticipated results from a biological standpoint. Focus should be on actions where the
uncertainty of outcomes and potential for benefits
is greatest.

Measures: What metrics will be used to indicate population status and the effectiveness of actions aimed at
improving the population status? What data will be
collected to track progress in the metrics over time?
Indicators of changes in population and habitat
conditions could be measured as follows (more detail
is found in Section 9.4 below, Table 9-1, and Table 5-1:
1.

Determine if the priority viable salmonid population (VSP) parameters (productivity and spatial
structure) are increasing during the first 10 years of
implementation. Measures could include the
following:
Productivity:
• Otoliths2 studies to find contributions of
life history types to adult returns; and
• Smolt trapping at river mile 34.5 (Washington State Department of Fish and
Wildlife) and perhaps lower downstream
combined with adult numbers on the
spawning grounds to estimate lambda
values, which measure the growth rate of
the population.

2. A bone-like structure found in the inner ear of fish. Otoliths record daily rings that are correlated with fish growth. The increase
in Strontium in otoliths can be used to estimate entry to brackish marine waters.
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Communication and Decision Making:

state or federal agency, non-profit group, or some
combination of partners. Guidance on successful
adaptive management efforts recommends involvement from the following types of groups: managers,
ecological experts, stakeholders, biometricians, policy
makers, and operational staff.

How will key people be made aware of the results of
actions on salmon?
How will the increase in understanding of how the
freshwater nearshore ecosystems work affect decisions
about strategies and actions in the WRIA 9 plan?
The WRIA 9 Steering Committee, Forum, Planning
Work Group, and Technical Committee or their successors, and the citizens and landowners of the watershed
will be the target of communication efforts. The
Steering Committee, Forum, and member jurisdictions
(cities in WRIA 9, King County) will be the primary
decision makers with respect to implementation of
actions related to habitat. Any entity involved in
implementation of actions will also be making decisions about its roles and responsibilities in implementation. The co-managers — Washington State Department of Fish and Wildlife, Muckleshoot Indian Tribe
and other tribal interests — will be the primary decision makers with respect to hatchery and harvest
issues.
Ongoing communication with external parties about
progress toward the Plan goals will be essential to
ensure success. Clear messages and accurate information about the results of habitat actions will help
maintain the support of funding entities, elected
officials, and citizens. Consideration should be given to
communication at both the local jurisdictional and
WRIA-wide levels. The Public Outreach Work Group or
its successor will help support and carry out the
communication efforts.
Institutional Structure: What is the institutional structure
that supports the implementation of the Habitat Plan
and clearly defines roles and responsibilities for each
element?
The institutional structure consists primarily of the
WRIA 9 Steering Committee, a multi-stakeholder
group that includes representation from local, state,
and federal governments, businesses, and environmental and community groups, and the WRIA 9
Forum, a caucus of local governments represented by
elected officials from the 17 member jurisdictions.
These groups or their successors will be responsible for
overseeing implementation of the WRIA 9 Habitat
Plan. Implementation of individual on-the-ground
projects will vary and could be carried out by the
private property landowner, local government, a Tribe,

Many adaptive management efforts also note the
importance of having an independent science group
involved in the process that is not subservient to the
management group. This group may be involved in
monitoring decisions, review of data and interpretation, and formal peer review (either integrated into the
process or in review of draft documents). Other
guidance emanating from decision support systems
efforts suggests the importance of “integrators” who
can communicate and work with decision makers,
stakeholders, and technical experts. This guidance
should be considered in the development of an institutional structure to oversee Plan implementation,
including adaptive management and monitoring. The
institutional structure for implementation is expected
to be developed and refined in late 2005-early 2006.
Resources: What are the resources necessary to carry out
each element of the Habitat Plan over the necessary time
period and geographic area?
An estimate of the resources to carry out Plan implementation over the next 10 years can be found in
Chapter 8 and Volume II - Appendix I. The components
of the adaptive management and monitoring program
are still being developed and the costs are not yet
completely known. Some coarse level detail on specific
monitoring program elements are contained in Table
9-1. More detailed information will be available when
the monitoring and adaptive management plans are
further refined and additional information is available
from local jurisdictions, resource agencies, and others.
Resources are expected to come from a combination of
local, state, and federal sources, together with some
funding from private resources, non-profits, and other
non-governmental organizations.
Commitments: What commitments will key players
provide that are necessary for Habitat Plan implementation?
The implementing entities will be making commitments in conjunction with ratification of the WRIA 9
Plan after approval by the WRIA 9 Steering Committee
and Forum (see Chapter 8 for further discussion).
Those making the commitments are expected to be
local governments that are members of the Forum and
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other implementing entities that could include state
and federal agencies, businesses, non-governmental
organizations, and other groups. These commitments
will become clearer by the end of 2005. Separate
commitments related to hatcheries and harvest will be
the purview of the co-managers as noted above and
will be integrated into the Plan with the assistance of
the Washington State Department of Fish and Wildlife.

Funding for this component of the Plan is currently
uncertain. Leadership will be required at both the
policy and technical levels to implement this essential
element of adaptive management.

It is expected that local jurisdictions will work with
federal and state governments to negotiate potential
benefits and assurances for different levels of commitment. Making greater commitments may well result in
greater potential assurances, but it is recognized that
this will need to be worked out at both the local and
regional Puget Sound levels.

The Independent Science Panel (2000) recommended
three different types of monitoring to support salmon
recovery efforts in Washington State, which have been
adapted for application in WRIA 9:
1.

Implementation Monitoring – confirms that
management actions (e.g., projects, programs,
guidance) were implemented. (Did proponents
implement the project as proposed?);

Further Refinement of the WRIA 9 Adaptive
Management Plan

2.

Effectiveness Monitoring – monitors the status
and trends of habitat characteristics to assess
whether desired performance objectives are being
achieved. (Did the management actions result in
improved habitat conditions?). Effectiveness
monitoring can occur at two levels:

9.4 TYPES OF MONITORING

The WRIA 9 adaptive management plan is still evolving. It is expected to be discussed and further developed in late 2005-early 2006 as part of the early implementation of the Plan.

• direct (Are specific project actions achieving
anticipated outcomes?) and
• cumulative (Is the sum of all actions within a
study area or segment achieving the anticipated
outcomes?); and

9.3 MONITORING
Monitoring allows measurement and evaluation of the
success of actions aimed at protecting, restoring, and
rehabilitating habitat. Benefits of monitoring include:

3.

• Providing certainty that money is spent effectively
on priority actions;
• Showing that the actions are achieving desired
objectives; and
• Assessing progress towards WRIA goals for habitat
and populations.
For monitoring to fulfill its key role in the context of
adaptive management, on-the-ground projects must
be planned within the context of a monitoring experiment (Ralph and Poole 2002). Specifically, the monitoring experiment must test hypotheses about the effects
of particular management actions.
It is only through monitoring data that federal agencies
will be able to come to a de-listing decision based on
the recovery of Chinook salmon and bull trout populations. However, this level of monitoring and decision
making has not been carried out before in WRIA 9.

Validation Monitoring – confirms that management actions and restoration projects produced
the desired change in population conditions and
status. (Do all actions taken together support the
overall recovery of the Green River Chinook
population in terms of the viable salmonid population parameters?).

Ralph and Poole (2002) recommend designing monitoring experiments in a hierarchical fashion to elucidate responses at different spatial scales. Applied to
WRIA 9, this would include three distinct spatial scales:
1.

Site scale, encompassing a single management or
restoration project;

2.

Segment scale, encompassing specific stream/
riparian, floodplain, and hillslope complexes
(segments were identified for the Green/
Duwamish River mainstem and the marine
nearshore in the Strategic Assessment [King
County Department of Natural Resources and
Parks et al. 2004]); and

3.

Watershed or WRIA scale.
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At each spatial scale, there should be a monitoring
purpose, monitoring questions and objectives, appropriate monitoring variables, and design criteria to aid
selection of individual sampling sites.
Monitoring will be integral to Plan implementation for
WRIA 9. The information generated should provide
specific information to inform decisions based on
management questions or hypothesis testing and be
available in a timely manner for use by decision
makers. Monitoring is particularly critical when
dealing with complex issues involving salmon conservation because resources are limited, accountability is
important, and uncertainty is sometimes high due to
lack of basic understanding of relationships between
habitat and population response or the effectiveness of
proposed or implemented actions. Linking monitoring
to actions of highest importance or related to greatest
uncertainty provides decision makers with data that
can: 1) help provide certainty that money is spent on
the most critical actions; 2) show that actions are
achieving objectives; and 3) describe progress towards
goals (WRIA 8 2005).

Implementation Monitoring
Implementation monitoring is necessary to track
which management actions have been implemented,
including basic information (e.g., who, what, where,
cost). It is anticipated to be a relatively simple checklist
summary that includes the type of action, the specific
objectives of the action, the reach or segment affected,
the focus of the action (e.g., length of levee or revetment setback, area of riparian zone re-vegetated, area
of off-channel habitat created), the anticipated outcomes of the action, and the costs. Information should
be developed by implementing entities, but use
common definitions and standard forms, and then
compiled at the WRIA level.
To support this type of implementation monitoring,
the WRIA 9 Forum of local governments should coordinate among its members and work with local, state,
tribal, and federal agencies; businesses; community
and environmental groups, and other organizations to
report annually on steps taken to implement the
Habitat Plan. This type of monitoring was recommended in the Near-Term Action Agenda (Kulzer (Ed.)
2002). Following its recommendation, annual reports
were compiled to record habitat actions taken in WRIA
9 in 2002 and 2003 (these are posted at the WRIA 9

website at http://dnr.metrokc.gov/Wrias/9/
NTAA.htm). Such reports should contribute to a sense
of accountability because they help measure the extent
to which local governments and other partners actually carry out the recommendations of the Habitat
Plan.
The template for tracking implementation monitoring
information will be completed upon approval of the
WRIA 9 Plan and could be adapted from the tracking
form used for the Near-Term Action Agenda.

Effectiveness Monitoring
Effectiveness monitoring provides the basis for determining whether action outcomes are achieved and
how project and program designs can be improved for
future implementation. Monitoring objectives, approaches, and protocols related to monitoring specific
project types have been developed by Washington
State (Johnson et al. 2001) and could be applied in
WRIA 9. Direct effectiveness monitoring will occur at
the project or site scale, while cumulative effectiveness
monitoring will occur at the segment or watershed
scale. Draft priorities for effectiveness monitoring will
be proposed by the WRIA 9 Technical Committee and
reviewed by the Steering Committee. Specific monitoring plans will be developed upon completion of the
WRIA 9 Plan and prioritization of actions for implementation.
Preliminary recommendations for direct and cumulative effectiveness monitoring are summarized in Table
9-1. This table includes information about the monitoring questions, type of monitoring, and parameters.

Validation Monitoring
Validation monitoring is used to confirm that management actions produce the desired change in population conditions and status at the overall population
level. For WRIA 9, this is primarily the Green River
Chinook population in terms of the four viable salmonid population parameters: abundance, productivity,
spatial structure and diversity. A second part of validation monitoring will be carried out at the Evolutionarily Significant Unit level for Puget Sound Chinook
and the constituent 22 populations. The validation
monitoring approach will be developed in cooperation
with the region upon completion of the Puget Sound
Salmon Recovery Plan.
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Proposed WRIA 9 Monitoring
Recommendations
WRIA 9 does not currently fund a comprehensive
monitoring program. Through grants from the King
Conservation District and Salmon Recovery Funding
Board and through resources from local jurisdictions
and resource agencies, the WRIA has partially funded a
combination of salmonid studies, habitat inventories,
and water quantity and quality assessments in the
watershed. There also have been extensive technical
data generated by individual jurisdictions and resource
agencies in WRIA 9 including spawner surveys, smolt
trapping, and additional habitat studies carried out by
Washington State Department of Fish and Wildlife and
the U.S. Army Corps of Engineers.

Integration of Monitoring Efforts
In the further planning and implementation of WRIA 9
monitoring efforts, opportunities should be examined
to integrate environmental monitoring efforts to
achieve efficiencies in responding to both the Endangered Species Act (ESA) and Clean Water Act requirements. This could include National Pollutant Discharge Elimination System (NPDES), Total Maximum
Daily Load (TMDL), and ESA-related monitoring
activities. Opportunities for coordination include
water quantity, water quality, land cover information,
and possibly habitat measures. These options should
be fully explored and evaluated in the context of
negotiations related to monitoring with regional, state,
and federal partners.

A sustained monitoring effort will need to be well
designed to address the range of monitoring elements.
It will probably be funded by a combination of local,
state, and federal sources. Preliminary recommendations for monitoring in WRIA 9 to achieve the goals
noted above — providing certainty that money is spent
effectively on priority actions, showing that the actions
are achieving desired objectives, and assessing
progress towards WRIA goals for habitat and populations — are presented in Table 9-1. The table includes
information on:
• Types of monitoring (including monitoring
questions);
• Recommended monitoring;
• Status of existing monitoring;
• Planning level cost estimates; and
• Tasks for coordination during Plan implementation.

Coordination of Monitoring Between Agencies
Monitoring is being carried out by many jurisdictions,
resource agencies, and independent parties. It is
critical that this monitoring be coordinated to reduce
duplication and redundancy, increase the effective use
of resources in scientific studies and monitoring, and
yield the greatest amount of information to inform
decision making. This coordination should occur at
both the WRIA level and the regional (Puget Sound)
level. It will also be important to ensure greater consistency between efforts by developing common protocols, coordinating training, having common quality
assurance and control programs, and coordinating
data management and analyses.
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TABLE 9-1

WRIA 9 Proposed Monitoring Recommendations
Type of Monitoring
(monitoring questions)
Direct Effectiveness*
• Did the action(s) result in the anticipated habitat response?
• Are salmon present and how are they using the site?

Recommended Monitoring

What is status of existing monitoring?

Project Actions:
The following are the types of project actions:

• There are a few monitoring programs geared towards
evaluating the direct effectiveness of projects or to improve
future designs. However, the majority of monitoring conducted
at the project scale is that required by permit conditions. Some
qualitative/semi-quantitative assessment of individual projects
may be carried out by implementing entities.

1. levee setbacks/ floodplain connection
2. side-channel habitat
3. large woody debris placement
4. gravel supplementation
5. improving water quality (e.g., temperature, dissolved oxygen)
6. riparian revegetation
7. creation of shallow water habitat
8. noxious weed control
9. creation of salt marshes/mudflats
10. soft shoreline armoring
Note: Prioritization of project actions for monitoring to be based
on uncertainty regarding habitat and population response
relationships
Monitoring plan would include clear statement of goals and
objectives, questions to be answered, hypotheses, response
indicators, monitoring design, decision criteria, sampling
approach, specific methods, testing for significance, data
management and reporting.
Cumulative Effectiveness*
Chinook Salmon
• Is the distribution of spawning Chinook increasing in the
Green River, tributaries, and side channels?

Adult salmon spawner surveys:
Middle/Lower Green River, Upper Green River (after passage),
Newaukum and Soos creeks

• Is the productivity of Chinook salmon life history trajectories
increasing?

• The Lower Newaukum Creek restoration project recently
funded by the Salmon Recovery Funding Board (SRFB) was
selected for more rigorous monitoring using the "Protocol for
monitoring effectiveness of in-stream habitat projects" developed
by the SRFB.

Adult spawning surveys:
Detailed adult spawner surveys have been carried out by
Washington State Department of Fish and Wildlife (WDFW) in
the Green River mainstem in river miles 25.4-61 since 1999.
Newaukum Creek surveys are carried out in river miles 0-3.8.
Additional surveys are needed in Soos Creek to quantify
spawning of this sub-population.

Committee Tasks for Coordination
During Plan Implementation

• Sample by project type –per Salmon Recovery Funding Board– • WRIA 9 Technical Committee or successor should coordinate
costs range from $4,000 (rip-rap removal) to $175,000 (offmonitoring protocols and results with the Salmon Recovery
channel habitats and wetlands)
Funding Board staff.
• Total cost will depend on type and number of plan actions;
representative monitoring expected both in WRIA 9 and within
Puget Sound Evolutionarily Significant Unit

• Coordination of project direct effectiveness monitoring efforts
should also occur at the regional (Puget Sound Evolutionarily
Significant Unit) level.

• King Conservation District grant ($30,000) approved to support
pilot program to develop monitoring program design and some
baseline monitoring for two projects
Total Direct Effectiveness Cost:
Estimated annual range may vary from $400,000-500,000
depending on the number and types of projects
implemented. [Note: some of these costs could possibly
be covered as part of overall project costs.]

Spawning surveys:
Estimated costs are $40,000 annually; long-term funding is
expected to be quite firm (given high priority on stock
assessment work by Washington State Department of Fish and
Wildlife). High probability of funding through 2014.

Spawner surveys and smolt traps:
Technical Committee or successor should work with the comanagers and federal entities for assessment of Green River
population status. Work to stabilize state/federal funding for
smolt traps and spawner surveys beyond 2010. Technical
Committee work with co-managers to coordinate local
monitoring protocols and efforts.

Corps doing redd mapping surveys in river miles 56.5-61 from
2003-2008 (different from WDFW surveys in that individual
Chinook redds are mapped).

• Have changes to habitat improved egg to outmigrant survival
(i.e. improved juvenile distribution across habitats in
Middle/Lower Green and Duwamish)?
Smolt (screw) trapping:
• Mainstem Green River at river mile 34.5
• Possibly at river mile 18 also in some years

Juvenile migration and distribution:
• Duwamish seining
• Otolith studies
• Juvenile snorkel index reaches
• Juvenile distribution (electrofishing, traps, hydro-acoustics)
(Otolith study would be used to examine fish growth in relation
to fish density and to estimate residence time in Duwamish
estuary [by measuring strontium levels in the otholiths]. More
detail on the otholith study can be found in the Chinook
Salmonid Research framework [p. 45-46]. Examination of adult
otoliths can be used to determine productivity of different life
history trajectories.)
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• U.S. Army Corps of Engineers is monitoring the effectiveness
of gravel and wood supplementation, including intensive gravel
monitoring from 2004-2009 that involves cross-section surveys,
gravel patch mapping, pebble counts, and redd mapping
(estimated $40,000 annually). Habitat monitoring by the Corps
listed below is also geared to evaluate effectiveness of gravel
and large woody debris projects.

How much will it cost?
(Planning estimates, only)

Smolt (screw) trapping:
Smolt (screw) trapping: $100,000 annually per trap. NOTE:
Approx. $100,000 per trap annually for the Green River. Past and funding needed for 2011-2015.
current funding has come from Corps, WDFW and Salmon
Recovery Funding Board. Funding for 2006-2010 for mainstem
trap is likely from the Corps as part of the Howard Hanson Dam
Additional Water Storage Project. (Second trap would be lower
cost = $50,000)
Juvenile salmonid studies occurred in 2002, 2003, and 2005
to examine migration, growth and habitat use in the Lower
Green and Duwamish (2003 and 2005 efforts were $100200,000). This could continue every 2-3 years to characterize
juvenile survival, migration and timing, and variability for
different conditions.

Juvenile migration and distribution:
$100,000–200,000 on a bi-annual basis
Otolith study costs estimated at ~$50,000-100,000 depending on
number of samples

Juvenile migration and distribution:
Funding uncertain for ongoing juvenile salmonid studies (Studies
to date funded by King Conservation District and Salmon
Recovery Funding Board grants and in-kind support from King
County and Seattle).

Experimental otolith study was carried out by Volk and
Ruggerone (2004) – need to assess results and fine tune
recommended monitoring

Total Annual Chinook Cumulative Monitoring Costs
~$250,000-$350,000
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TABLE 9-1

WRIA 9 Proposed Monitoring Recommendations
Type of Monitoring
(monitoring questions)
Cumulative Effectiveness*
Habitat - Are the segment level habitat attributes (e.g., side
channel habitat, shallow water habitat, riparian cover, large
woody debris per kilometer) improving as projected by
implementation of actions?

Recommended Monitoring

What is status of existing monitoring?

Habitat Surveys:
Monitor change in habitat as targeted in Necessary Future
Conditions (NFC) Analysis: carry out monitoring by subwatershed
and representative segments every 5-10 years.

Habitat Surveys:
• U.S. Army Corps of Engineers is carrying out habitat
monitoring from river mile 64.5 to 32 from 2001 to 2050 (every
five years starting in 2001). Parameters monitored include pool
area, large woody debris, riffle particle size, canopy cover,
bankfull width, etc.

Middle/Lower Green
• Assess increase in side channel and off-channel habitat area
in Segments 3 and 4.
• Assess increase in large woody debris jams and pieces in
segments 3, 4 and 6.

• Corps is carrying out habitat monitoring in river miles 70-85
from 2005-2050 (same parameters as noted above).
• Tacoma Public Utilities is carrying out annual large woody
debris monitoring in river miles 32-61.

How much will it cost?
(Planning estimates, only)

Committee Tasks for Coordination
During Plan Implementation

Habitat Surveys:
• Corps monitoring to be covered by Green/Duwamish
Ecosystem Restoration Project funding and Howard Hanson Dam
Additional Water Storage Project for river miles 32-64.5 and
river miles 70-85.

Habitat Surveys:
• WRIA 9 Steering Committee and Technical Committee should
coordinate with Corps and other local entities in habitat
monitoring.

• Monitoring for Lower Green and Duwamish mainstem and
marine Nearshore estimated at $150,000-200,000 on a once
every five year basis (this includes assessment of changes in
habitat quantity for NFC conditions shown for various
representative segments).

• Steering Committee could request that WRIA 9 be included as
an urban example for the Governor’ s Salmon Team
recommendations for a comprehensive watershed monitoring
strategy. This included a recommendation for intensive
monitoring of target watersheds for cumulative effects for habitat.

• Assess increase in in-channel pools in segments 3, 4, and 6.
• Assess increase in hydrologic connection to floodplain and
side channel habitats in segment 4.
Duwamish
• Assess increase in estuarine habitat (transition zone area)
accessible to juvenile salmonids.

• Baseline monitoring of Lower Green (2003), Duwamish
(2004), and Marine Nearshore (2004-5) was carried out as part
of the WRIA 9 Strategic Assessment (funded in part by King
Conservation District and Salmon Recovery Funding Board
grants).

• Assess increases in palustrine and riverine tidal wetland
habitats (area).
• Assess increases in riparian zone coverage in native
vegetation (area or length of streambank).
• Assess increases in shallow subtidal and intertidal habitats
and brackish marshes (area).
Watershed - Are basin level habitat attributes such as forest
cover, impervious surfaces and riparian conditions improving
as anticipated by implementation of the actions in the plan?
Are watershed-wide conditions related to flow, water quality,
and overall stream health improving?

Marine Nearshore
• Assess increases in marine sediment recruitment and
transport rates.
• Assess increases in marine nearshore aquatic habitats
including salt marshes, other shallow water habitats and
submerged aquatic vegetation (SAV) coverage (area).
Watershed-wide:
• Multi-spectral analysis - high altitude preferred over landsat
for both basin and jurisdictional level analyses
-Forest cover
-Impervious Area
-Riparian forest cover
• Flow gauges
-Peak flows
-Low flows
-Flashiness
• Other
-Water quality (dissolved oxygen, temperature, etc.)
-Macroinvertebrates

Watershed-wide:
King County recently completed a high altitude multispectral
flight (as compared to landsat) for approximately $320,000.

Watershed-wide:
Multi-spectral every 5 years
$246,000 – $320,000 (averaged at $49,200-64,000 per year).

Misc. field and habitat assessments – field and habitat
assessments are being conducted by individual jurisdictions using
various protocols and analysis tools. The macroinvertebrate
indicators, using B-IBI (benthic index of biotic integrity), uses a
standard protocol and analysis technique. King County did
benthic sampling at 70 sites in Green/Duwamish watershed in
2002 and 2003 for B-IBI. Benthic sampling will continue in
2005.

Flows – U.S. Geological Survey costs estimate flow gauging
stations cost $14,000 per gauge annually. King County stream
gauging and water quality sampling is expected to continue for
foreseeable future, with perhaps minor adjustments in stations.
There are no new permanent gauges or water quality stations
recommended at this time.

Flows are currently being measured by U.S. Geological Survey
(USGS) gauging stations (Palmer, Auburn, Newaukum) and
individual jurisdictions, particularly King County (continuous
stream gauging at 14 sites in Springbrook, Soos, Jenkins,
Covington, Mill, Des Moines, Miller, and Salmon Creeks).
Selected monitoring of streamflows by cities.
Protocols for installation, operations, and reporting vary. USGS
has a standard data and reporting format and data are available
and transparent. Estimated annual operation costs for USGS
stations are $14,000. Installation of telemetry for real-time data
is approximately $13,000.

Total Annual Cumulative Habitat and Watershed-wide
(not including stream gauging and water quality
sampling) Monitoring Costs: $396,000-520,000 every fifth
year

Watershed-wide:
• Steering Committee should encourage local governments to
continue funding existing permanent flow gauging and water
quality monitoring stations.
• Coordination with other WRIAs in King County can reduce
multi-spectral analysis costs

King County does monthly stream sampling at 15 sites in Green
River mainstem, Newaukum, Soos, Jenkins, Crisp, Springbrook,
Covington, Mill Creeks for water quality analysis.
*At all levels of monitoring and evaluation, data management resources will be necessary for the following tasks: statistical design of habitat and population monitoring, regional data sharing, consistent protocols, quality assurance/quality control (QA/QC) of data collection and analysis. Costs do NOT include regional data management.
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The salmon came riding home
Home from long journeys through the great seas
How magnificent they flash
Look, home is just up there
Push on a little more
Weaving the waves together, the salmon
Dance in small, joyful jumps
Scales shine a bright silver
Riding the rhythm of the breaking waves
They twist their bodies and leap
Mieko Chikappu
Translated from Ainu
Salmon Coming Home in Search of Sacred Bliss
Source: Roche and McHutchinson (Ed.) 1998
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