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Executive Summary
The 2005 Green-Duwamish Salmon Habitat Plan identified protection and improvement of
sediment quality as a Tier 3 conservation hypothesis for salmon recovery. Although
sediment clean-up was hypothesized to benefit Chinook salmon, limited scientific data
were available on the potential impacts of sediment contamination on Chinook salmon
productivity. Other habitat quality and quantity issues were more well-defined and
identified as higher priority needs in the watershed. WRIA 9 commissioned this paper in
2017 – along with several other white papers – to address priority data gaps identified
during the scoping of the 10-year update to the Salmon Plan. This paper summarizes
research completed since the 2005 Plan was adopted on the potential impacts of chemical
contaminants on Chinook salmon productivity in the Green-Duwamish watershed. The
information is intended to inform identification and prioritization of recovery needs as
WRIA 9 watershed partners update the 2005 Salmon Plan.

Contaminants are carried from sources to surface waters as well as within surface waters,
by transport pathways. Contaminants can be carried to the Green-Duwamish receiving
waters by point discharges (permitted industrial, stormwater and combined sewer
overflows [CSOs] discharges), overland flow (stormwater runoff), groundwater, and direct
atmospheric deposition, as well as by spills/leaks and bank erosion. Fish are exposed to
chemicals through multiple routes including water passing through their gills and/or its
ingestion, direct sediment contact and/or its ingestion, and/or through consumption of
contaminated food. The importance of an exposure pathway to a fish is dependent on
several variables primarily related to the chemical properties of the contaminant (e.g.,
hydrophilic, hydrophobic) and the ecology of the species of interest (e.g., diet, benthic or
pelagic habits). Generally, water exposure and food consumption are the greatest exposure
pathways to Chinook. Because juvenile Chinook spend a longer amount of time in the
Green-Duwamish watershed than adult Chinook, their exposure to chemicals and risk of
health impact are greater. In addition, juvenile Chinook are feeding during this period and
consuming prey that are potentially contaminated.

Metals such as aluminum and selenium, have low toxicity under typical environmental
conditions. Several other metals, such as copper, chromium, and lead, share similar acute
symptoms resulting from disturbance of homeostasis. However, chronic exposure
symptoms range widely from neurological and reproductive to sensory system and
immune system impacts. Common classes of organic contaminants include pesticides,
pharmaceuticals, phthalates, polycyclic aromatic hydrocarbons (PAHs), polychlorinated
biphenyls (PCBs), and polybrominated diphenyl ethers (PBDEs). Three commonly detected
organic chemical contaminants in the Puget Sound Region are PCBs, PAHs, and PBDEs.
There is a wide variety of possible health effects in fish from organic chemical exposure.

The available ambient water, sediment, and Chinook salmon tissue chemistry and sediment
bioassay data collected in the Green-Duwamish watershed and the ecological assessments
that use these data are reviewed in this report. Key information found from this review
includes:
King County Science and Technical Support Section
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Observations of potential impacts of contaminants
•

Chinook salmon return rates are substantially lower in contaminated estuaries, like
the Duwamish, compared to uncontaminated estuaries.

Tissue chemistry/biomarkers
•

•
•

•

Lower Duwamish Waterway (LDW) and East Waterway (EW) risk assessments did
not identify risk of impaired growth or survival for juvenile Chinook salmon.
However, the LDW risk assessment noted reduced immunocompetence may occur
in juvenile Chinook migrating through the LDW.

Subsequent studies, using more conservative assumptions, concluded PCBs may be
causing health impacts in Chinook salmon.

The risks of impacts to Chinook salmon from Chemicals of Emerging Concern (CECs)
are unknown although these chemicals are likely present in wastewater discharges,
and to a lesser degree stormwater discharges to the Green/Duwamish watershed.
Relatively little juvenile Chinook tissue data have been collected or evaluated in the
Duwamish Estuary in the last 10 years, and less data are available for the Green
River. Tissue chemistry data indicate juvenile Chinook salmon are bioaccumulating
contaminants while in the Duwamish Estuary. Tissue assessments suggest that PCB
exposure may be causing sublethal adverse effects to juvenile Chinook salmon.

Sediment
•

•
•

•

In the most contaminated areas of the LDW and EW, contaminated sediments are
potentially impacting benthic invertebrates which could reduce the quantity or
quality of food for juvenile salmon.
Juvenile Chinook salmon in the Duwamish Estuary are exposed to sediments
contaminated with PCBs, PAHs, some metals, and phthalates.

In the Duwamish Estuary, PCBs are the most widespread sediment contaminant.
Sediment contaminants in the Green River need more characterization. Based on
existing data, sediment contamination is highest in Mill (in Kent) and Springbrook
creeks and may be a concern to benthic invertebrates. Mill Creek (in Auburn) is less
contaminated, and Jenkins, Newaukum, Covington, or Big Soos creeks are of little
concern. Arsenic and BEHP concentrations most frequently exceeded the no-effects
benthic sediment cleanup level (SCO) in Green River tributaries.

Superfund cleanup of contaminated sediments will be an important step in reducing
the exposure of aquatic life including Chinook salmon to contaminants, particularly
PCBs. Sediment recontamination will remain a risk from dredging activities during
cleanup of the LDW and EW.

Water chemistry
•

Several water quality assessments have not identified any chemicals that are
presenting notable risk to aquatic life. Of the chemicals investigated, mercury in
water may be a chronic exposure risk for juvenile Chinook salmon in the Green
River.
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While tracking the LDW cleanup schedule, it is recommended that further direct work on
Duwamish Estuary Chinook salmon be supported by the WRIA 9 group. Work completed
before cleanup begins on the LDW and EW will provide a foundation for comparison with
future data to measure how juvenile Chinook health and contaminant impacts change over
time. This work will be most efficiently directed at Chinook diet and tissue chemistry,
biomarkers and sublethal effect measurement and improvement of Chinook-specific effect
thresholds.

In addition to ongoing support for cleaning up contaminants in sediments and limiting
future contaminant transport to surface waters, specific recommendations for future work
include:
•

•

•

•

•

Conduct studies that measure contaminants in juvenile Chinook tissues and stomach
contents at different life stages or residence times; e.g., in rearing habitat for
Chinook, in restored habitat project areas, and where tributaries enter the Green
River. This work will strengthen the small dataset available for risk evaluation.
Focus new studies on contaminants known to be elevated in the Duwamish Estuary
and for which substantial effects data are published for some salmonids (PCBs,
PAHs) and opportunistically explore CECs, such as pharmaceuticals, in water and
Chinook salmon to build a chemistry database. CEC analysis is costly, effects analysis
tools are lacking, and substantial new data are necessary to begin risk evaluation for
Chinook. Therefore, prioritizing known contaminants first will optimize resources.
Establish one or more new tissue effect thresholds for PCBs that are Chinookspecific. Effects thresholds are a tool that allow chemistry results to be placed into
the context of toxicity. PCBs are the most widespread contaminant in the Duwamish
Estuary. Outside of Superfund risk assessments, there is only one published PCB
effect threshold that has been developed to assess Chinook in this region. Given the
highly variable assumptions made in defining an effects threshold, developing one
(or more) new PCB thresholds would provide a more stable foundation for
evaluating how PCBs are affecting Chinook survival.

Support studies that examine other effects evidence (e.g., juvenile Chinook
bioassays with Duwamish sediments, biomarkers) by providing in-kind or financial
assistance. In addition to the types of evidence recently collected for Chinook
salmon (tissue and stomach content chemistry concentrations), work on other lines
of evidence that can demonstrate occurrence of contaminant effects. For example,
encourage National Oceanic and Atmospheric Administration or Washington
Department of Fish and Wildlife to conduct laboratory exposure of salmon for PCB,
PBDE, PAH effect endpoints using Duwamish sediments.
Tease out cause(s) of lower smolt-to-adult return (SAR) by collecting juvenile
salmon when they leave the Duwamish Estuary and measure body mass, nutrition
and stomach contents and compare to mass of Chinook salmon at release from
hatcheries. This would test if food quality (e.g., benthic invertebrates) between
hatcheries and Duwamish Estuary mouth may be reducing juvenile health and
decreasing SAR.
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1.0 INTRODUCTION
The 2005 Green-Duwamish Salmon Habitat Plan identified protection and improvement of
sediment quality as a Tier 3 conservation hypothesis for salmon recovery. Although
sediment clean-up was hypothesized to benefit Chinook salmon, limited scientific data
were available on the potential impacts of sediment contamination on Chinook salmon
productivity. Other habitat quality and quantity issues were more well-defined and
identified as higher priority needs in the watershed. WRIA 9 commissioned this paper in
2017 – along with several other white papers (Engel et al., 2017, Higgins 2017, Kubo 2017)
– to address priority data gaps identified during the scoping of the 10-year update to the
Salmon Plan. It summarizes research completed since the 2005 Plan was adopted on the
potential impacts of chemical contaminants on Chinook salmon productivity in the GreenDuwamish watershed. The information is intended to inform identification and
prioritization of recovery needs as WRIA 9 watershed partners update the 2005 Salmon
Plan.
This report does not critique individual studies for the strength of their study design or
sampling or analytical methods. This report does review the type and quantity of
information available from published sources with the intent of summarizing any available
evidence that Chinook salmon may be adversely affected by toxic contaminants as well as
describing where the largest knowledge uncertainty lies.

The concepts of contaminant transport and exposure pathways are defined to provide
context and general information on the potential health effects of specific metals and some
common organic chemical contaminants in fish is included. Then, summaries are provided
of available chemical contaminant and biomarker data measured in Green-Duwamish
watershed water, sediment, and aquatic biota including evaluations of their impacts to
Chinook salmon and/or their prey. Recent and thorough data compilations have been
completed for water and sediment data and are used for efficiency. Relevant findings for
Chinook salmon from Superfund ecological risk assessments are also included. There are
several ongoing Green-Duwamish watershed policy programs and initiatives which have
potential to influence or spawn new actions that influence contaminant sources or cleanup.
These programs/initiatives are briefly described.

The majority of available contaminant information for the Green-Duwamish watershed
comes from the Duwamish Estuary 1 because of investigations completed in the Lower
Duwamish Waterway (LDW) Superfund Site and the West Waterway and East Waterway
portions of the Harbor Island Superfund Site. The LDW Remedial Investigation (RI) was
initiated in 2001 and completed in 2010 (Windward 2010) and the Feasibility Study (FS)
was completed in 2012 (AECOM 2012). EPA released the Record of Decision (ROD) in 2014
(EPA 2014). Concurrently over this period, cleanup actions occurred in three of five Early
Action Areas containing the highest levels of contamination. The LDW site is currently in
pre-design phase before the remaining cleanup begins. A No Action Decision for the West
1

The Duwamish Estuary includes the Lower Duwamish, East, and West Waterways.
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Waterway unit of the Harbor Island Superfund Site (West Waterway) was issued by EPA in
2003 which did not require remediation for this site (EPA 2003). A supplemental RI was
completed for the East Waterway unit in 2014 (Windward and Anchor QEA 2014). The
draft East Waterway FS was completed in 2016 (Anchor and QEA 2016) and will be
finalized in 2018 (pers. comm. Williston 2017).
Relatively little information is available across the entire Green-Duwamish watershed
regarding how chemical contamination impacts Chinook salmon. Therefore, information is
also presented as it relates to salmon or fish in general to provide context regarding the
overall level of contamination in the watershed. There are studies that characterize
chemical concentrations in water and sediment but these have not been tied directly to
salmon impacts. Potential benthic community effects have been assessed with sediment
chemistry and bioassay data. Most of the available data are for sediments in the Duwamish
Estuary because sediments are considered the key medium of contamination driving
human health and ecological risk in the respective Superfund sites. Studies that have
measured contaminants in juvenile Chinook salmon are limited. In addition, data from a
small number of studies are available that have investigated potential adverse health
effects of contaminants in the Duwamish Estuary on salmon. Contaminant information
from these studies is summarized within this report.
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2.0 CONTAMINANT PATHWAYS
Contaminants are carried from sources to surface waters and also within surface waters, by
transport pathways. Understanding which chemical transport pathways are most
important assists in prioritization of sources. Once present in fish habitat, fish may be
exposed to contaminants in various ways, some of which depend on their diet and
behavior. The level of impact that contaminants have on Chinook salmon or other
organisms is dependent on how the fish is exposed (i.e., the exposure pathway),
contaminant quantity (i.e., dose) and the duration of exposure. The conceptual transport
and exposure pathways for fish in the Green-Duwamish River are summarized below; these
concepts are used throughout the document to discuss how chemical contaminants may
affect salmon in the Green-Duwamish watershed.

2.1

Transport Pathways

Contaminants can be carried to the Green-Duwamish receiving waters by point discharges
(permitted industrial, stormwater and combined sewer overflows [CSOs] discharges),
overland flow (stormwater runoff), groundwater, and direct atmospheric deposition
(Figure 1) as well as spills/leaks and bank erosion. Once in the Green-Duwamish River
watershed, contaminants can be transported geographically or within the food web by
different mechanisms such as tidal currents, sediment resuspension by vessel traffic, and
trophic transfer (i.e., through the food web). Transport pathways are not sources
themselves, but routes by which contaminants are moved from sources to receiving waters
or between different geographic areas of receiving waters.

King County Science and Technical Support Section
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Figure 1.

2.2

Conceptual transport pathways to Green-Duwamish River

Exposure Pathways

Fish are exposed to chemicals through multiple routes including water passing through
their gills and/or its ingestion, direct sediment contact and/or its ingestion, and/or
through consumption of contaminated food. The importance of an exposure pathway to a
fish is dependent on several variables primarily related to the chemical properties of the
contaminant (e.g., hydrophilic, hydrophobic) and the ecology of the species of interest
(e.g., diet, benthic or pelagic habits).

For example, polychlorinated biphenyls (PCBs) are a group of chemicals that do not readily
dissolve in water and tend to bind to solids due to their chemical properties. Therefore,
PCBs tend to associate with sediments and accumulate in fish species that have close
contact with the river bottom and/or consume benthic prey. These species experience
higher exposure than those that reside in the water column and consume plankton or
plants. These hydrophobic properties of PCBs result in their affinity for fatty tissue and
their propensity to bioaccumulate. Therefore, fish that are piscivorous (i.e., consume other
fish) tend to accumulate more PCBs than planktivorous or insectivorous fish.
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Chinook salmon are not a demersal species (i.e., one living on bottom sediments) like English
sole. Thus, direct contact with contaminated sediments is likely a relatively minor pathway.
In general, water ingestion through feeding or respiration and food ingestion are primary
exposure pathways for any life stage of Chinook salmon. Incidental sediment ingestion
through feeding may be an important pathway for juvenile Chinook depending on their
feeding strategy. Studies throughout Puget Sound indicate that juvenile Chinook are
opportunistic feeders in estuarine and marine waters, appearing to feed on a wide variety of
prey as opposed to showing clear preferences for a specific category of prey (e.g., plankton)
like other juvenile salmon species (Fresh 2006; Nelson et al. 2013; Figure 2). Stomach
contents of juvenile Chinook from the Duwamish Estuary sometimes contain mainly
terrestrial insects (Morley et al. 2012) or annelid worms, midges and bivalve siphons (David
et al. 2015, Cordell et al. 2006). Directly targeting benthic instead of pelagic food would
increase contaminant exposure of Chinook salmon from incidental ingestion of sediment.
Juvenile Chinook may shift their diet as different prey become available which would also
shift significance of their food and sediment exposure pathways. The importance of the
sediment ingestion pathway to juvenile Chinook is uncertain in the Green-Duwamish
watershed and likely variable in space and time. Risk assessments for juvenile Chinook may
conservatively assume their prey is 100% benthic invertebrates because this results in
higher contaminant exposure from food ingestion than from assuming a plankton diet.
Potential exposure pathways of juvenile Chinook in streams and rivers are illustrated in
Figure 3.
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Figure 2.

Invertebrate prey categories of juvenile Chinook salmon (n=321) from seven
Duwamish Estuary locations (Nelson et al. 2013)
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Figure 3.

Contaminant exposure pathways to juvenile Chinook salmon. Arrow thickness
denotes relative importance.

Life stage is a key factor that determines which exposure pathways are most important for
salmon. The different life stages of Chinook salmon have varied feeding strategies and
residence times. Adult Chinook salmon in the Green-Duwamish watershed are returning to
spawn, no longer feeding and cumulatively spend relatively little time (i.e., 3–5 months) in
the watershed (Engel et al. 2017). Juvenile Chinook salmon spend months to 1+ years in
the Green River and days to months in the Duwamish Estuary (Figure 4). Also, juvenile
Chinook consume a diet of benthic invertebrates and some zooplankton and terrestrial
insects (Cordell et al. 2006), giving them greater dietary exposure, as well as residence
time, than adult Chinook in the Green-Duwamish watershed.
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Figure 4.

Juvenile Chinook salmon residence times in the Green-Duwamish River (modified
from Ruggerone and Weitkamp 2004)
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3.0 CONTAMINANT INFORMATION
This section provides a summary of contaminant concentrations measured in watershed
media and evaluations of their risks to Chinook salmon through direct and indirect
exposure pathways.

3.1

Background on Health Effects of Chemical
Contaminants to Fish

Chemical contaminants can cause a variety of adverse effects in fish. Metals and organic
chemicals are discussed separately in this section due to differences in their behavior and
chemical properties, and, therefore, toxic effects. The following information applies to fish in
general unless a particular species is mentioned. Mechanisms of acute toxicity and adverse
effects of chronic exposure described here are primarily taken from a comprehensive review
by Wood et al. (2012a and b) for metals and several local studies for organic chemicals. The
mechanisms of metals toxicity in Chinook salmon and other marine/anadromous fish are not
well understood (Wood 2012) but are informed by research on freshwater fish. Chinook
salmon and other salmonids may be more or less sensitive to contaminants than freshwater
species. Information specific to Chinook salmon are provided in this section, where available,
particularly from local studies. However, an extensive literature search was not conducted on
this topic. Therefore, this summary is not comprehensive and additional specific studies on
adverse effects may be available for Chinook salmon. This information is intended to provide
a general guide on health effects to fish.

Metals commonly measured as potential environmental contaminants from human sources
include aluminum, arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium,
and zinc. All metals are naturally occurring but also have human sources. Some metals are
essential, meaning they are necessary for biological life in small amounts; some are nonessential. Both types can be toxic to fish, but non-essential metals are more toxic (e.g., cause
effects at lower levels). Metals in aquatic ecosystems can be in free, dissolved form (most
bioavailable) or bound to solids (least bioavailable). Table 1 outlines some common
sources and adverse effects of different metals on freshwater fish. Metals such as aluminum
and selenium, have low toxicity under typical environmental conditions. Several other
metals, such as copper, chromium, and lead, share similar acute symptoms resulting from
disturbance of homeostasis but range widely in their chronic symptoms from neurological
and reproductive to sensory system and immune system impacts.
Organic chemicals are those that contain carbon. The number of possible environmentally
present organic contaminants outnumbers the possible metals contaminants by orders of
magnitude. Common classes of organic contaminants include pesticides, pharmaceuticals,
phthalates, polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs),
and polybrominated diphenyl ethers (PBDEs). Three commonly detected organic chemical
contaminants in the Puget Sound Region are PCBs, PAHs, and PBDEs. There is a wide
variety of possible health effects in fish from organic chemicals. See Table 1 for examples of
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adverse effects caused by exposure to these compounds. Ionic imbalance refers to
problems with osmoregulation with the surrounding waters, usually due to interruptions
of ion pumps located in the gill.
Common sources of common metals and organic chemical contaminants and their
adverse effects on freshwater fish.

Contaminant

Naturally
Occurring?

Common Nonnatural Sources

Symptoms
with Acute
Mortality

Primary Chronic
Exposure Effects

Aluminum

Yes

Mining, aerospace,
many consumer
products (Wood et al.
2012b).

Only in
extreme pH:
ionic
imbalance,
respiratory
disturbance
(Wood et al.
2012b).

Same as acute (Wood
et al. 2012b).

Arsenic

Yes

Mining, smelter
emissions (e.g.
Asarco), treated
wood, roofing
materials (Wood et al.
2012b, Norton et al.
2011).

Acute
mechanism not
well
understood in
fish (Wood
et al. 2012b).

Decreased growth rate,
possible reproductive
effects (Wood et al.
2012b).

Cadmium

Yes

Mining, smelting,
roofing materials
(Wood et al. 2012b,
Norton et al. 2011).

Ionic
imbalance,
respiratory
disturbance
(Wood et al.
2012b).

Ionic imbalance, oxidative
stress, possible
reproductive impairment
(Wood et al. 2012b).

Chromium

Yes

Pulp processing,
electroplating, and
products (e.g.,
stainless steel, spray
paint) (WDOH 2017).

Mucus
overproduction,
ionic
imbalance,
respiratory
disturbance
(Wood et al.
2012a).

Spinal deformities,
anemia, neurological
damage and possible
growth reduction (Wood
et al. 2012a).

Copper

Yes

Mining, pesticides,
fertilizers, brake pads,
boat paint, roofing
materials (Wood et al.
2012a, Norton et al.
2011).

Ionic
imbalance,
sensory
impairment,
reduced
swimming
speed (Wood
et al. 2012a).

Reproductive impairment,
general health decline
from detoxification
(elimination of toxins from
body), oxidative stress
(reactive oxygen damage
repair), sensory
impairment (smell and
lateral line), immune
suppression (documented
in Chinook salmon) (Wood
et al. 2012a).
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Contaminant

Naturally
Occurring?

Common Nonnatural Sources

Symptoms
with Acute
Mortality

Primary Chronic
Exposure Effects

Lead

Yes

Ammunition, lead
shot, wheel weights,
fishing sinkers,
aviation fuel
combustion (Norton
et al. 2011).

Hypocalcemia
and ionic
imbalance
(Wood et al.
2012b).

Reproductive impairment,
general health decline
from detoxification
(elimination of toxins from
body), oxidative stress
(reactive oxygen damage
repair), sensory (smell and
lateral line) impairment,
immune suppression, and
mortality (Wood et al.
2012b).

Mercury

Yes

Thermostat and
fluorescent lamp
disposal, mining,
smelters,
industrial/commercial
emissions, petroleum
refineries (Wood et al.
2012b, Norton et al.
2011).

Breakdown of
neural
functions, and
other
physiological
issues (Wood
et al. 2012b).

Gonad growth impairment,
spawning inhibition,
reduced growth, gill
damage, ionic imbalance,
impaired digestion,
nerve/brain damage,
organ tissue damage
(Wood et al. 2012b).

Nickel

Yes

Stainless steel,
batteries, many
consumer products,
building materials,
inks/dyes,
electroplating,
medical equipment
(Wood et al. 2012a).

Loss of
magnesium
balance in
kidneys,
mortality
(Wood et al.
2012a).

Reduced egg hatchability,
organ tissue damage,
respiratory distress (Wood
et al. 2012a).

Selenium

Yes

Metals mining, fossil
fuel refinement and
use (EPA 2016).

Not seen in
environment
due to low
acute toxicity
(Wood et al.
2012a).

Developmental deformities
(Wood et al. 2012a).

Zinc

Yes

Mining, galvanized
steel and other metal
products, roofing
materials, tire wear
(Wood et al. 2012a,
Norton et al. 2011).

Calcium
imbalance and
mortality
(Wood et al.
2012a).

Calcium imbalance,
reduced growth, possible
reproductive impairment
(Wood et al. 2012a).

PCBs

No

Transformers, light
ballasts, recyclers,
paint, caulk, pigments
(Ecology 2015).

Can’t
accurately
assess due to
low solubility
(Stalling and
Mayer 1972.

Immune suppression
(Arkoosh et al. 2001),
reduced reproductive
success, mortality (Eisler
and Belisle 1996).
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Contaminant

Naturally
Occurring?

Common Nonnatural Sources

Symptoms
with Acute
Mortality

Primary Chronic
Exposure Effects

PAHs

Yes

Wood smoke,
creosote-treated
wood, vehicle
emissions (Norton
et al. 2011).

Not fully
understood;
cardiotoxicity of
embryos
(Incardona and
Scholz 2005).

English sole: liver cancer
and other liver disease,
gonad development
failure, inhibited ovarian
development, reduced
spawning success,
disorientation, and
mortality.
Juvenile Chinook: reduced
growth, embryo
developmental
abnormalities,
cardiovascular problems,
and immune suppression
(Johnson et al. 2008).

PBDEs

3.2

No

Flame retardants on
plastics, upholstery
and foam (Ecology
2006).

Not applicable.
PBDEs are not
an acute
contaminant.

Endocrine disruption,
disease susceptibility
(Arkoosh et al. 2010).

Chemical Contaminants in Water

Several studies have measured water chemistry in the Green River and Duwamish Estuary.
Some of these studies have compared concentrations to Washington State water quality
standards (WQS) for aquatic life. However, while the WQS are generally protective of 95%
of aquatic species, and utilize salmonid data when available, they are not specific to
Chinook salmon. Thus, WQS may be more or less protective of Chinook salmon. Therefore,
these comparisons are general indications of water contamination. The results summarized
below indicate which chemicals may potentially impact Chinook salmon in the GreenDuwamish watershed.

3.2.1

Duwamish Estuary

From 2009 to 2011, Ecology measured pesticides (weekly from March to September) in
several Western WA streams including one in the Green-Duwamish watershed: Longfellow
Creek (Ecology 2013). Few pesticides were detected in Longfellow Creek, but herbicides
were most common (dichlobenil, trichlopyr, 2,4-D). Concentrations were compared to
WQS, pesticide registrations toxicity criteria, and EPA National Recommended Water
Quality Criteria (EPA 2006) for aquatic life. Only methiocarb (insecticide) concentrations in
some samples showed the potential to be sublethally toxic to invertebrates. The study
concluded toxic impacts to invertebrates could have population-level effects and reduce
food availability for juvenile salmon.
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3.2.2

Duwamish Estuary and Middle Green River

King County reviewed available water concentration data in the Green River and
Duwamish Estuary published between 2000 and 2013 (King County 2017a). Locations for
these water data are in Figure 5, except for 5 stations sampled in the East Waterway (EW)
in 2008/2009 (Windward 2009). See Windward (2009) or Appendix C of King County
(2017) for the mapped locations of these EW stations. Some of these datasets go as far back
as the 1970s (Table 2). All samples were collected by King County, Ecology, or the East
Waterway Group. More than 150 samples were analyzed for metals and other chemicals.
The Lower Duwamish, East, and West Waterway data were compared to marine acute and
chronic criteria due to their estuarine salinity; the Green River data were compared to
freshwater acute and chronic criteria. Five samples exceeded freshwater chronic aquatic
life standard for one metal (total mercury) in the Green River (GR 11.1, GR 40.6, GR 63.1)
(Figure 5; Table 3). One East Waterway sample also exceeded the chronic aquatic life
standard for total mercury (at EW-SW-1). One East Waterway sample exceeded the chronic
aquatic life standard for tributyltin (TBT) (at EW-SW-2). No other metals exceeded aquatic
life criteria. Detected organic chemicals included triclopyr (pesticide), estrone,
4 nonylphenol, and bis(2-ethylhexyl)adipate (endocrine disruptors), PAHs, PCB congeners,
one dichlorobenzene, aniline, benzoic acid, benzyl alcohol, caffeine, phenol, and
N-nitrosodimethylamine. However, all of these chemicals were infrequently detected
except for PAHs and PCBs. It should be noted that when analyzed by the most sensitive
method, PCBs are usually detected at some level in ambient waters because they are a
ubiquitous contaminant. For organic chemicals with aquatic life criteria, none were
exceeded.
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Figure 5.

Site ID

Water chemistry stations reviewed by King County (2017a) except for East Waterway
Supplemental RI stations.

Water chemistry sampling locations, sample depths and years sampled from King
County (2017a)
Station
River
Depths
Years
Agency
Description
Locator
Milea
Sampled Sampled
East Waterway – Between Terminal 102 and
104
East Waterway – Between Terminal 102 and
104

2008-2009

EW-SW-1

EWG

–

EW-SW-1
Flood tide

EWG

–

EW-SW-2

EWG

East Waterway – Off Terminal 25

–

–

EW-SW-2
Flood
Tide

EWG

East Waterway – Off Terminal 25

–

–

EW-SW-3

EWG

East Waterway – Slip 27

–

–

EW-SW-4

EWG

Lower East Waterway – east side of channel;
moved to EW-SW-5 after Round 1

–

–

EW-SW-5

EWG

East Waterway – Slip 36; replaced EW-SW-4

–

–

EW-SW-6

EWG

Lower East Waterway – middle of channel

–

–

EW-SW-6
Flood tide

EWG

Lower East Waterway – middle of channel

–

Above 1 m

2008-2009

LTKE03

King County

West Waterway – Upstream of the Spokane
Street Bridge, middle of the channel

–

Below 1 m

2005–2013

WW-a
lower
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Above and
below 1 m
Above and
below 1 m
Above and
below 1 m

–

–

Above and
below 1 m
Above and
below 1 m
Above and
below 1 m
Above and
below 1 m
Above and
below 1 m

2008-2009
2008-2009
2008-2009
2008-2009
2008
2008-2009
2008-2009
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Site ID
WW-a
upper
WW-b
lower
WW-b
upper

Station
Locator

Agency

LTKE03

King County

0305

King County

0305

King County

LDW-0.1

LTLF04

King County

LDW-3.0

LTTL02

King County

LDW-3.3
lower
LDW-3.3
upper

0307,
LTUM03
0307,
LTUM03

LDW-4.8

LTXQ01

King County

DR-6.3

0309

King County

DR-9.8

FL319

King County

GR-11.1

3106,
A310

King County

0311,
09A080

King
County,
Ecology

GR-11.6

King County
King County

Description
West Waterway – Upstream of the Spokane
Street Bridge, middle of the channel
West Waterway – Upstream of the Spokane
Street Bridge, on west side of channel
West Waterway – Upstream of the Spokane
Street Bridge, on west side of channel
Lower Duwamish Waterway – At the south
end of Harbor Island
Lower Duwamish Waterway – Duwamish
Waterway Park
Lower Duwamish Waterway – 16th Ave. S
Bridge
Lower Duwamish Waterway – 16th Ave. S
Bridge
Lower Duwamish Waterway – Upstream side
of Boeing pedestrian bridge, mid span
Duwamish River – East Marginal Way Bridge
at S 115th Street
Duwamish River – Foster Links Golf Course,
downstream of confluence with Black River
Lower Green River – Bridge at Fort Dent
Park upstream of Black River
Lower Green River – Renton Junction Bridge
on West Valley Road at Highway 1

River
Milea

Depths
Sampled

Years
Sampled

–

Above 1 m

2005–2013

–

Below 1 m

1970–2004

–

Above 1 m

1970–2004

0.1

Above 1 m

2003–2004

3

Above 1 m

2007–2010

3.3

Below 1 m

1970–2013

3.3

Above 1 m

1970–2013

4.8

Above 1 m

2009–2013

6.3

Above 1 m

1970–2008

9.8

Above 1 m

2011–2012

11.1

Above 1 m

1970–2013

11.6

Above 1 m

1970–2013

Lower-Middle Green River – Bridge on SE
1972–2012
Auburn-Black Diamond Road, upstream of
32.8
Above 1 m
Soos Creek
Lower-Middle Green River – Bridge on 212th
1993–2013
GR-40.6
B319
King County
40.6
Above 1 m
Ave SE, upstream of Newaukum Creek
Lower-Middle Green River– Bridge at SE
2011–2012
GR-42.0
FG319
King County
Flaming Geyser Road in Flaming Geyser
42
Above 1 m
State Park
Upper-Middle Green River– Bridge on
1977–2012
GR-56.9
09A190
Ecology
56.9
Above 1 m
Cumberland-Palmer Road at Kanaskat
Upper-Middle Green River – Below Howard
2001–2003
GR-63.1
E319
King County
63.1
Above 1 m
A. Hanson Dam, at USGS gage 12105900
a River miles conform to the convention used in the RI/FS for the Lower Duwamish Waterway Superfund site. The starting point of RM 0
is at the southern tip of Harbor Island (Windward 2010).
EWG – East Waterway Group
GR-32.8

A319

King County
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Summary of metals concentrations (mg/L) and WQS exceedances (bolded) in the
Lower Duwamish Waterway and Green River (From Table 3-43 of King County 2017a)
Maximum
Analyte
FOD
Mean
Detected
Max MDL
Antimony
53/187
0.117
0.153
0.5
Arsenic
176/230
1.19
1.41
0.5
Cadmium
57/230
0.071
1.45
0.1
Chromium, total
153/238
0.85
10.8
0.79
Copper
172/233
1.44
2.94
0.4
Lead
26/230
0.0702
0.45
2.3
Mercury
49/195
0.00069
0.0058
0.2
0.0835**
Mercury, total
113/232
0.00501
0.2
Nickel
116/230
0.425
7.79
0.34
Selenium
56/189
0.188
0.38
1.5
Silver
4/226
0.0198
0.022
0.2
Zinc
161/240
6.16
16.9
0.5
Notes:
Metals concentrations are in dissolved form unless noted.
** Exceeds freshwater (0.012) and marine (0.025) chronic aquatic life criteria
FOD – frequency of detection (# samples detected/ total collected)
MDL – method detection limit

3.2.3

Lower Green River

The United States Geological Survey (USGS) sampled (Conn et al. 2015) whole and filtered
water at Foster Links Golf Course RM 8 (same as station FL319 in Figure 6) during
baseflow, storm flow and significant dam releases between November 2013 and March
2015. Composite samples were collected over 28 events and analyzed for metals, PAHs,
PCBs, dioxins/furans, butyltins, volatiles and semivolatiles, and pesticides. Pesticides,
butyltins, volatile and semivolatile chemicals were not detected except for methylene
chloride and bis(2-ethylhexyl)phthalate (ubiquitous contaminants). Nine metals were
frequently detected (>75% of samples). PAHs were infrequently detected and at low
concentrations. PCBs and dioxins/furans were detected in most if not all samples.
Concentrations were not compared to water quality standards. Chemical concentrations
detected during storm events were consistently higher than at baseflow. Where detected,
metals concentrations were higher during significant (>2000 cfs) Howard Hansen Dam
releases compared to storm events. These dam releases send large water volumes from the
Upper Green River downstream. Metals concentrations in unfiltered water samples
generally increased with suspended sediment concentrations and were similar in filtered
water samples across storms, significant dam releases, and baseline periods. These
observations suggest that sediment-bound metals are more important than the dissolved
fraction.
The frequent detection of metals is not unusual given their natural occurrence. The most
noteworthy findings of this study are the consistently higher chemical concentrations in
storm events relative to baseflow and higher estimated chemical loads during significant
dam releases relative to storm samples. The storm versus baseflow results align with
similar studies in other areas of Puget Sound (King County 2013, Ecology and King County
2011) and suggest that stormwater contributes substantially greater contaminant loads
King County Science and Technical Support Section
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than baseflow. Higher metals loads during significant dam releases relative to stormflow
indicate that dam flow regulation plays an important role in controlling loading and
exposure of juvenile Chinook salmon to metals. The higher sediment bound fraction
indicates metals are being stored in sediments behind Howard Hansen Dam and these
solids are occasionally released with large dam openings.

3.2.4

Lower and Middle Green River and Tributaries

King County (2014a) evaluated water quality in the Lower and Middle Green River and 4
tributaries (Mill Creek in Auburn, Soos Creek, Black River and Newaukum Creek) (Figure
6). Significantly higher dissolved arsenic concentrations were measured in Mill Creek than
in the mainstem at Flaming Geyser or Foster Links, or in Newaukum Creek during storm
events. Concentrations of total PCBs and PAHs increased with distance downstream during
storm events. Significantly higher total high molecular weight polycyclic aromatic
hydrocarbon (HPAH) concentrations were detected in the Black River during storm events
compared to the mainstem at Flaming Geyser or in Newaukum and Soos Creeks. Total PCB
concentrations were highest in the Black River (at the Pump Station) compared to Mill,
Newaukum and Soos Creeks and the two mainstem locations although differences were not
statistically significant. All measured total PCB and arsenic concentrations were below the
Washington State freshwater aquatic life WQS.

3.2.5

Middle and Upper Green River

King County conducted a 2013 study of Middle and Upper Green River water quality (King
County 2015) sampling between Kanaskat-Palmer and 20 miles upstream of the dam
(Figure 7). Results showed water concentrations of arsenic increase with distance
downstream during storm events. All measured arsenic concentrations were below the
Washington State freshwater aquatic life WQS. Concentrations of total PCBs and PAHs
increased during storm events with distance downstream. All measured total PCB
concentrations were below the Washington State freshwater aquatic life WQS (there were
no applicable aquatic life standards for PAHs at the time of the report).
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Figure 6.

King County sampling stations in the Lower and Middle Green River (King County 2014a)
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Figure 7.

King County sampling stations in the Middle and Upper Green River (King County 2014b)
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3.2.6

Duwamish-Green Sub-basins

King County (2005) conducted an aquatic life screening risk assessment for the Green
River in 2005 using existing metals and organic contaminant data collected by King County
and USGS from 1999 through 2003. These data included a mix of grab and composite water
samples collected from 67 stations during baseflow and storm flow spanning all sub-basins
from the Duwamish Estuary to just below Howard Hansen Dam in the Upper Green (see
Figure 3-1 http://your.kingcounty.gov/dnrp/library/2005/KCR1883.pdf). Chemical data
were available for nutrients, metals and several organic chemicals (phenols, PAHs, PCBs,
pesticides, and other volatile and semivolatile chemicals). Quartiles and 5th and 95th
percentiles of resulting concentrations were compared to (in hierarchical order):
Washington State WQS (WAC 173- 201A 2003 version), EPA National Recommended Water
Quality Criteria (EPA 2002), an EPA toxicity database (AQUIRE) or other thresholds from
the scientific literature. Of the 187 chemicals targeted, 127 were never detected in any
water samples. For 10 chemicals, at least one sample exceeded the selected risk threshold,
but most had low exceedances (percentile concentration/threshold ratios <2). It was
concluded that metals and organic chemicals posed minimal risk to aquatic life.

3.3

Chemical Contaminants in Sediments

Some contaminants in sediments have been demonstrated to cause toxic effects in fish. For
example, Puget Sound sediments contaminated with PAHs have been linked to toxic effects
in English sole, a benthic species (Johnson 2000). For salmon and other non-benthic
species that occupy the water column, their direct sediment exposure is lower than a
benthic species, but to what degree is uncertain. However, juvenile salmon sometimes
consume benthic invertebrates which can increase their chemical exposure relative to
planktonic prey. In addition, a decline in benthic populations due to contamination may
theoretically decrease the food quantity or quality for juvenile salmon. Therefore, sediment
contamination may directly or indirectly impact Chinook salmon.
King County conducted a sediment chemistry study of the Green River (King County
2014b) and completed a review of all available watershed sediment chemistry data (King
County 2017a). Sediment chemistry data were compared to Washington State Marine
Sediment Management Standards (WAC 173-204-320), more specifically known as the
Sediment Quality Standard (SQS) and the Cleanup Screening Level (CSL) (WAC 173-204562). The SQS is a “no benthic effects” level while the CSL is a “minor benthic effects” level.
The SQS is equivalent to a benthic sediment cleanup objective (SCO) used to develop a
sediment quality goal for Washington State sediment cleanup sites. While there are no
established freshwater sediment standards in Washington State, freshwater benthic
cleanup levels, also referred to as SCO and CSL (WAC 173-204-563) have been developed.
These standards and benthic cleanup levels were developed based on chemical
concentrations that cause adverse effects to benthic invertebrates. Results of the King
County (2017a) review do not reflect removal of contaminated sediments that has
occurred from early action cleanups in the LDW.
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3.3.1

Duwamish Estuary

King County (2017) summarized existing sediment data collected between 1991 and 2013,
comparing sediment chemistry results for Duwamish Estuary (King County 2017a) to
benthic sediment standards described above (SQS and CSL). Figure 8 shows where any
chemical exceeded the SMS; the metals and key organic chemical exceedances are
summarized below.
•

•
•

•

•

•

3.3.2

All eight metals with benthic sediment standards exceeded the CSL in the East
Waterway and LDW: arsenic, cadmium, chromium, copper, lead, mercury, silver, and
zinc.
The majority of the SMS exceedances were north of RM 1.3 in the LDW.

Several metals exceeded the CSL at two additional locations in the LDW, the west
inlet at RM 2.2 and south of the Jorgensen Forge cleanup area between RM 3.7 and
RM 3.9.
Cadmium exceeded the CSL approximately 50 m southwest of the
Duwamish/Diagonal cleanup area and in the west inlet located at RM 2.2 in the
LDW.

Mercury was widely dispersed and exceeded the CSL throughout the East
Waterway, in the LDW between RM 0.0 and RM 1.3 (exceedances detected between
RM 0.2 and RM 0.6 and RM 0.9 and RM 1.2), throughout the west inlet of the LDW at
RM 2.2, south of the Jorgensen Forge cleanup area (RM 3.7 to RM 3.9), and in the
LDW near the head of Slip 6.

The frequency of sediment standards exceedances was highest in the East
Waterway and LDW for total PCBs and next highest for bis(2-ethylhexyl)phthalate.
Exceedance of PAH sediment standards was frequent in the LDW and tended to be
within 50 m of shore.

Green River

King County (2014b) collected and analyzed sediment samples from 2008 to 2012 in
tributaries of the Green River. Of 58 samples collected, 24 exceeded the no effects level
(freshwater benthic SCO) for one or more contaminants including three metals (arsenic,
nickel and cadmium), bis (2-ethylhexyl)phthalate, di-n-octylphthalate, and total PCBs
(Figure 8). Bis (2-ethylhexyl)phthalate and arsenic were the two chemicals with the highest
frequency of exceedance. Tributaries included Big Soos Creek, Covington Creek, Jenkins
Creek, Newaukum Creek, Springbrook Creek, Mill Creek in Kent and Mill Creek in Auburn.
Creeks located in the most urbanized areas (e.g., Mill in Kent and Springbrook) generally
had a greater number of freshwater benthic SCO exceedances than the lesser developed
creek basins. Four stations were located in the Green River mainstem but there were no
exceedances of freshwater benthic SCO at these locations.
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Figure 8.

Surface sediment stations (collected 1991-2013) with benthic exceedances along the
East, West, and Lower Duwamish waterways before EAA remediation actions. Original
Sources: AECOM 2012, Windward and Anchor QEA 2014, Urban Waters Initiative
(Ecology 2009), and PSEMP Database (Ecology 2015).
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Figure 9.

Total PCB concentrations in Green River tributary and mainstem sediments (King
County 2014b).Two stations with highest concentrations exceed SCO.
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3.3.3

Early Action Areas in LDW

Based on identification of highly contaminated areas during the first phase of the LDW RI,
five Early Action Areas (EAA) were selected by EPA and Ecology for early cleanup.
Together, cleanups at all five EAAs cover 29 acres and are expected to reduce the LDW
area-weighted average surface sediment PCB concentration by approximately 50% (EPA
2014). The status of cleanup actions in these areas is summarized below. See Figure 5 for
locations of each EAA.
Slip 4
•

•

Approximately 10,000 cubic yards (cy) of PCB-contaminated sediments were
dredged and 3.4 acres were capped with clean sand, gravel, and granular activated
carbon amended filter material, during October 2011 through January 2012, by the
City of Seattle (with participation by The Boeing Company) under an Administrative
Settlement Agreement and Order on Consent (consent order) (Seattle 2015). Upland
plantings were also completed in 2012. A net gain of 1.1 acres of intertidal, shallow
subtidal and riparian habitat resulted.

Dredging and capping was monitored with one brief exceedance of the turbidity
standard during placement of clean cap sand. The City of Seattle has been
monitoring the cap and documented recontamination (exceedance of SMS) with
PCBs in Years 1 and 3 (Seattle 2015). In-water construction activities in Year 3 may
have influenced the surface sediments on the cap (pers. comm. Schuchardt 2017).
Year 4 monitoring was completed, but did not include sediment chemistry (Seattle
2016).

Terminal 117
•

Cleanup was performed by City of Seattle and Port of Seattle (Port of Seattle project
website http://t117.com). The Port of Seattle work was completed in 2015 and
included dredging of 8,000 cy of sediment followed by backfill with clean sand, and
removal of 36,000 cy of upland and bank soil (AECOM 2016). As source control
actions, the City of Seattle completed cleaning of residential yards in 2013 and
finished cleaning adjacent streets and stormwater infrastructure construction in
2016. A monitoring and maintenance plan is currently being developed with EPA.
Habitat restoration is planned to occur in 2018 (pers. comm. Florer 2017).

Boeing Plant 2/Jorgensen Forge (Across from Terminal 117)
•

The Boeing Company initiated cleanup of river sediment and the shoreline of Boeing
Plant 2 in 2013. Substantial upland source control actions were completed before
2013, including building structure removal, joint compound replacement, storm
drain cleaning and installation of stormwater treatment systems (pers. comm.
Anderson 2017). 163,000 cy of sediment was dredged (and backfilled with clean
sediment) from the nearly 1-mile-long property footprint (Amec Foster Wheeler
et al. 2016). Shoreline soils impacted by organic chemicals were removed and
replaced with salmon habitat features including riparian and intertidal plants, along
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•

•

with large woody debris features (Amec Foster Wheeler 2014). The project was
completed in 2015.

The Boeing Company has completed the first year post-remediation monitoring data
report (Amec et al. 2016). Concentrations of all metals and organic chemicals
including PCBs were below the no effect threshold (SQS). As expected, deposition of
sediments is occurring on the surface of the clean backfill; 22 of 40 samples showed
increases in PCB concentrations after one year.
http://www.boeing.com/resources/boeingdotcom/principles/environment/pdf/d
uwamish_backgrounder.pdf
The Jorgensen Forge site is adjacent to Boeing Plant 2. In 2014, in-water sediments
were dredged and bank material was removed and backfilled with clean materials.
Several rounds of post-cleanup surface and subsurface sediment sampling have
documented sediment PCB concentrations above cleanup levels (>SQS). EPA and
Earle M. Jorgensen are currently negotiating an amendment to the Agreed Order to
establish how remaining contamination will be addressed (Chu, pers. comm. 2017).

Diagonal CSO/Storm Drain
•

•

King County remediated 7 acres by dredging and capping in 2003/2004 (EBDRP
2015); a total of 68,000 cy of contaminated sediment was removed. Contamination
of the surrounding sediments after dredging resulted in placement of a thin layer of
clean sand, called an enhanced natural recovery (ENR) area, in 2005, to reduce
contaminant concentrations in surface sediments.

King County monitored the site and the surrounding sediments pre- and postremediation through 2012. The largest storm drain to the LDW discharges to this
area, in addition to City of Seattle and King County CSOs; sediment concentrations
near the outfall have varied over time. Sediment PCB concentrations in a portion of
the capped area remain consistently low. However, concentrations in other portions
of the capped area are variable year-to-year and sometimes exceed the PCB marine
SQS. The area-wide mean PCB concentration across remediated areas was 61 µg/Kg
dw in 2010 falling within an anthropogenic background concentration for urban
areas of 40-90 µg/Kg dw calculated in the LDW FS (AECOM 2012). PCB
concentrations in the ENR area have been consistently low. Monitoring reports can
be found here:
http://www.kingcounty.gov/services/environment/wastewater/sedimentmanagement/projects/DuDi.aspx

Norfolk CSO
•

King County completed cleanup in the river at Norfolk CSO in 1999 including
dredging 5,190 cubic yards of sediment and backfilling with clean sediment.
Sediment monitoring of the cleanup area was conducted for 5 years (project
website:
http://www.kingcounty.gov/services/environment/wastewater/sedimentmanagement/projects/Norfolk.aspx ).
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•

Monitoring in the early years identified the adjacent Boeing site storm drain as a
source of PCBs to the Norfolk site (EBDRP 2005). The Boeing Company conducted
dredging in 2003 to remediate this area. They also conducted source tracing and
added treatment to the storm drain. After the last year of monitoring in 2004, two
PAH compounds and PCBs were identified as chemicals at the Norfolk site that
exceeded SQS. Monitoring Reports can be found here:
http://www.kingcounty.gov/services/environment/wastewater/sedimentmanagement/projects/Norfolk.aspx

Natural background for total PCBs in Puget Sound sediments is 2 ug/Kg dw and is based on
concentrations in areas without influence of local human activity. This is also the total PCB
cleanup level established by EPA for the LDW.
Figure 10 is an updated map of benthic exceedances in the LDW with outdated EAA area
data removed. Benthic SMS exceedances by any chemical are most numerous and
widespread below RM 2.9. Above RM 2.9, benthic SMS exceedances are generally clustered
around RM 3.7-4.2 and RM 4.8-5.0 and exceedances of only the SQS are scattered in
between.
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Figure 10.

Updated map of SMS exceedances for the LDW surface sediments in non-remediated
areas (Windward unpublished; Data through 2010).
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3.4

Benthic Community Health Assessment

As mentioned earlier, Chinook salmon can be exposed to contaminated sediments by direct
ingestion, direct contact, or eating contaminated food, such as benthic invertebrates. In
addition, the adverse effects of chemical contaminants on the benthic community can
theoretically reduce the quantity or quality of food for fish like juvenile salmon. However,
studies were not identified in the Green-Duwamish watershed that examine potential
effects of benthic community reductions on fish diets or health. Studies that have sampled
benthic community 2 taxonomic composition and tested sediments for chemistry and
toxicity to benthic invertebrates are summarized here. Only studies that cover the
Duwamish Estuary were located.
•

•

•

•

•

Taylor et al. (1999, as cited in Windward and Anchor QEA 2014) characterized
epibenthic invertebrate taxa residing in intertidal habitat of the lower 2 miles of the
Duwamish Estuary including East Waterway. At the three intertidal areas sampled,
most taxa were identified as potential salmon prey.

Benthic community sampling was conducted in the 1990’s at Kellogg Island,
Duwamish/Diagonal CSO-storm drain, and the LDW Turning Basin. Areas of Kellogg
Island demonstrated high abundance and species diversity relative to the Turning
Basin and the Duwamish/Diagonal CSO-storm drain sites (Cordell et al. 1994 and
1996, Parametrix and King County 1999). The area sampled at Duwamish/Diagonal
has since been remediated (see Section 3.3.3), but benthic community sampling was
not part of the post-remediation monitoring activities.

Paired sediment chemistry and benthic invertebrate toxicity testing were completed
for the East Waterway RI (Windward and Anchor QEA 2014). Comparison of
chemistry and toxicity test results to SMS indicated that approximately 21% of the
EW area likely cause adverse effects to benthic invertebrates. Potential minimal
adverse effects were indicated for 39% of the area and no adverse effects were
indicated in approximately 40% of the EW area.
The East Waterway RI also assessed risk to benthic invertebrates by measuring
chemical concentrations in tissues and comparing them to effect concentrations.
Adverse effects for benthic invertebrates were indicated for TBT in 2 of 12 areas
sampled and potential minor adverse effects were indicated for total PCBs in 10 of
13 areas sampled.

The East Waterway RI also examined volatile chemicals by comparing porewater
chemistry data to effects concentrations. Napthalene was identified as likely causing
adverse effects to benthic invertebrates in one location. No other volatile chemicals
were concluded to present risk of adverse effects.

Benthic community assessments for contaminants have a different purpose than sampling for and
calculation of the Benthic Index for Biotic Integrity (BIBI) (Karr 1998; Fore et al. 2001, Karr & Chu 1999,
Kleindl 1995, Morley & Karr 2002). The BIBI is a biological indicator of stream condition integrating multiple
stressors of chemical and non-chemical pollution, hydrologic conditions, and physical habitat characteristics.
Contaminant assessments of benthic community health are more specific to contaminant effects and involve
measurement of sediment chemistry, benthic invertebrate community taxonomic analysis, and/or sediment
bioassays.

2
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•

Toxicity tests on benthic invertebrates in the LDW (Windward 2010) resulted in 30
of 48 samples that failed the SQS criteria for toxicity. Comparison of sediment
chemistry and toxicity test results to SMS indicated (see Map 4-16 in RI for SMS
results):

o no adverse effects to benthic invertebrates were expected in 75% of the LDW
area,

•

3.5

o adverse effects are likely in 7% 3 of the LDW area, and
o adverse effects are uncertain in 18% of the LDW area.

The LDW RI also examined volatile chemicals by comparing porewater chemistry
data to effects concentrations. Cis-1,2-dichloroethane was identified as potentially
causing adverse effects to benthic invertebrates in one location. No other volatile
chemicals were concluded to present risks of adverse effects in porewater.

Chemical contaminants in Chinook Salmon and
their Diet

Chinook salmon tissue chemistry data has been collected by Washington Department of
Fish and Wildlife (WDFW) (O’Neill et al. 2015), by Nelson et al. (2013) as part of the
Juvenile Salmon Survival Study, and by the LDW Group and EW Group as part of Superfund
RIs (Windward 2010, Windward and Anchor QEA 2014). Assessment of adverse effects on
fish can be conducted using whole body tissue, bile or other organ chemistry, stomach
content chemistry, toxicity tests and/or biomarkers that indicate exposure. Some chemicals
do not bioaccumulate because they are metabolized or otherwise broken down in fish. For
example, it is inappropriate to assess risk to fish from parent PAHs based on fish tissue
concentrations because these chemicals are quickly metabolized resulting in tissue
concentrations that do not reflect exposure (Johnson et al. 2008). Exposure to PAHs is
more accurately assessed by measuring PAH metabolites in liver bile or PAHs in stomach
contents. The WDFW and King County Chinook tissue and the LDW and EW Chinook tissue
chemistry results are summarized here. All fish tissue concentrations are based on wet
weight.
•

•

Juvenile Chinook salmon appear to be exposed to significantly more copper and lead
in the Duwamish Estuary than those in the Nisqually, Skagit and Snohomish River
systems as reflected by gill concentrations (O’Neill et al. 2015). However, this study
could not differentiate Duwamish Estuary from upstream exposure in the Green
River. Gill tissue concentrations are indicative of the water exposure pathway.
Cadmium and nickel concentrations in LDW Chinook gills were not significantly
different compared to the other river systems sampled. Zinc levels in LDW Chinook
gills were lower than those from the other three major river systems in Puget
Sound.
Juvenile Chinook salmon wholebody concentrations suggest that more of their PCB
and DDT burden is contributed from the Duwamish Estuary and/or Elliott Bay than

The sediment assessment was updated with more recent data in the LDW FS, resulting in a lower area of 4%
with likely adverse effects.

3
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•

•

from Puget Sound (O’Neill et al. 2015). Juvenile Chinook from offshore locations in
Puget Sound (>0.5 km from shore in Whidbey Basin and south) had significantly
lower concentrations of PCBs and DDTs than the LDW or Elliott Bay locations.
However, PCB concentrations in Chinook salmon collected from nearshore Elliott
Bay were higher than in fish from the Duwamish Estuary. The average total PAH
concentrations of juvenile Chinook stomach contents were significantly higher in
the LDW and Elliott Bay than in the Skagit or Nisqually River systems.

Nelson et al. (2013) summarized a 2003 juvenile Chinook sampling effort in the
Duwamish Estuary, Lower and Middle Green rivers and Elliott Bay. Twenty six
composite samples each containing 6 to 32 subyearling Chinook salmon were
analyzed for PCBs and mercury. Hatchery and wild fish were identified and sorted
before compositing and analyzed separately. Average PCB levels in hatchery
fingerlings from the Duwamish Estuary (29 µg/Kg) were less than half the levels in
wild fingerlings (77 µg/Kg). Average PCB levels in Elliott Bay wild (27 µg/Kg) and
hatchery Chinook salmon (25 µg/Kg) were similar to each other and slightly higher
than Lower Green River wild (14 µg/Kg) and hatchery fish (15 µg/Kg). In theory, the
longer residence time of wild Chinook salmon in the Duwamish Estuary may
increase their bioaccumulation of PCBs relative to hatchery Chinook salmon. The
PCB levels across all samples of wild Chinook salmon from the Duwamish Estuary
were highly variable (7.4 to 225 µg/Kg). Mercury levels in juvenile Chinook were
low and did not vary by sampling location or fish origin.
King County (2017a) reviewed all fish and shellfish tissue data used in the LDW and
EW RI’s and summarized tissue data for PCBs in juvenile Chinook salmon and other
fish. These data were collected in the Green-Duwamish watershed from 1998 to
2007. Whole wild and hatchery juvenile Chinook salmon collected from East
Waterway (12 composite samples) and LDW (24 composite samples) contained
variable levels of PCBs with an average concentration up to 50 times lower than in
adult English sole, the fish species measured with the highest PCB concentrations
(Table 4). English sole fillet samples contain lower concentrations than wholebody
samples; this is due to preferential partitioning into fatty tissues. Chinook tissue
were also analyzed for pesticides and TBT. TBT was not detected in juvenile
Chinook. These tissue chemistry data were used to inform the LDW and EW
ecological risk assessments. See Section 3.6 for LDW and EW Chinook salmon risk
assessment results.
Total PCB concentrations (µg/Kg wet) in juvenile Chinook salmon relative to English
Sole in the East Waterway and LDW (King County 2017a).

Fish Species
English sole
English sole
Juvenile Chinook salmon
Juvenile Chinook salmon

Tissue Type

FOD

Minimum

East Waterway
Fish whole body
13/13
1,460
Fish fillet (with skin)
20/20
409
Fish whole body
12/12
7.4
Lower Duwamish Waterway
Fish whole body

24/24

6.9

Maximum

Mean

7,900 J
5,700
91.5

3,200
1,700
59

1,200

140

FOD – frequency of detection (# samples detected/ # analyzed)
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•

•

•

O’Neill et al. (2015) measured PCBs, PAHs, and PBDEs in composite samples of
juvenile Chinook stomach contents. One sample was collected in the LDW estuary,
two from nearshore (Elliott Bay) and one from offshore (Puget Sound). The authors
estimated dietary effects thresholds of 3,800 ng PAHs/g for altered growth and
12,200 ng PAHs/g for altered growth and plasma chemistry based on Meador et al.
(2006). The single Chinook stomach content sample collected in the Duwamish
Estuary did not exceed the effect thresholds for PAHs. One of two stomach content
samples collected in Elliott Bay exceeded the PAH threshold.

O’Neill et al. (2015) calculated PBDEs effects ranges for increased disease
susceptibility (greater than or equal to 470 to 2,500 ng/g lipid) and for altered
thyroid hormone levels (greater than or equal to 1,492 to 2,500 ng/g lipid) in whole
juvenile Chinook based on Arkoosh et al. (2013) and Arkoosh et al. (2010). None of
the Duwamish Estuary juvenile Chinook tissue samples exceeded either threshold.
One of 10 samples in Elliott Bay exceeded the PBDE effects threshold.
From 1996 through 2001, Johnson et al. (2007) measured PCBs, DDTs, and PAHs in
juvenile Chinook in the Duwamish Estuary (1998 and 1999 only) and other
estuaries of Puget Sound. Results show increased exposure in the Duwamish
compared to Puget Sound. PAH metabolites were also higher in Duwamish juvenile
Chinook than any of the other 5 estuaries sampled on Washington’s coast
(Skokomish, Nisqually, Grays Harbor, Willapa Bay). PAH metabolites may be
relatively higher in the Duwamish Estuary due to urban development.

It is important to note that chemicals of emerging concern (CECs) have been detected in
Puget Sound (Miller-Schultze et al. 2014) and waters of the Duwamish Estuary (King
County 2017b). The definition of CECs varies, but EPA defines them as “chemicals and
other substances that have no regulatory standard, have been recently ‘discovered’ in
natural streams (often because of improved analytical chemistry detection levels), and
potentially cause deleterious effects in aquatic life at environmentally relevant
concentrations” (EPA 2008). Hormones, pharmaceuticals and personal care products
(PPCPs), and industrial process chemicals are examples of CECs and are rarely targeted in
environmental surveys. Yet, many of them have been documented as endocrine system
disruptors in fish. Available information on CECs as pollutants in the Greater Puget Sound
is limited to source pathways (e.g. wastewater), ambient surface waters, sediments, and
invertebrate and fish tissue chemistry concentrations. A recent study of CECs by King
County (2017b) found 17 of 130 CECs were detected in surface waters of the Duwamish
Estuary (4 stations sampled). The first and only survey of pharmaceuticals and personal
care products (PPCPs) in Puget Sound Region wholebody fish tissue detected several (37
of 150) of these chemicals in juvenile Chinook salmon (Meador et al. 2016). Meador et al.
(2016) detected more PPCPs in juvenile Chinook salmon than in staghorn sculpin in the
areas sampled: Sinclair Inlet, Puyallup Estuary, and Nisqually Estuary. These data suggest
preferential bioaccumulation of CECs in juvenile Chinook salmon. The reasons for this are
unknown but could be related to differences in prey, habitat, life stage, and/or metabolic
processes.
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3.6

Modeled and Observed Adverse Effects on
Chinook

Ecological risk assessments conducted under Superfund have estimated the likelihood that
contaminants in the LDW and EW would cause adverse effects to juvenile Chinook salmon
using a standard and simple model of exposure and effects. These models consider effects
that directly influence mortality and growth. In addition to the risk assessments, several
field and laboratory studies have investigated adverse effects of contaminants in juvenile
Chinook or juvenile coho salmon. Findings of these studies are summarized below.

3.6.1

Modeled adverse effects

An ecological risk assessment was conducted for both the LDW and EW RIs. In these
assessments, risks to juvenile Chinook salmon from contamination in the waterways were
evaluated (Windward 2007; Windward and Anchor QEA 2014). The LDW and EW risk
assessments determined that the direct water contact and dietary exposure pathways were
the greatest exposure pathways to juvenile Chinook salmon (Figure 11).
The LDW ecological risk assessment concluded that cadmium, arsenic, copper, and
vanadium in juvenile Chinook salmon food pose low risk of adverse effects on survival or
growth; effects levels were not exceeded but no-effects levels were exceeded. These four
metals are not bioaccumulative. Other chemicals, such as PCBs and PAHs, were determined
not to pose risk of impaired growth or survival to juvenile Chinook based on a screening
step that uses conservative (i.e., high) exposure assumptions and no-effect thresholds
(Windward 2007). The risk assessment included an uncertainty assessment, which
acknowledged reduced immunocompetence may occur in juvenile salmonids migrating
through the LDW. However, this risk assessment was not able to determine if a particular
contaminant was the cause of the immunocompetence effect observed in the field.
Similar to the LDW assessment, the EW ecological risk assessment concluded adverse
effects to juvenile Chinook salmon growth and survival were unlikely from arsenic,
mercury and TBT in surface water and were at low risk in their diet from cadmium,
chromium, copper, and vanadium. Risks from cobalt, nickel, and dibenzofuran were
concluded to be unknown because there was not sufficient toxicity information to assess
them. Other chemicals, such as PCBs and PAHs, were determined not to pose risk of
impaired growth or survival to juvenile Chinook (the same methodology discussed above
for the LDW Ecological Risk Assessment was used) (Windward 2012).
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Figure 11.

Conceptual Site Model and Pathways for Juvenile Chinook from LDW Baseline Risk
Assessment (Windward 2007)

Some effect thresholds have been calculated for juvenile Chinook salmon for purposes of
comparison with PCB, PBDE, and PAH tissue concentrations. Although not an established
tissue standard, Meador et al. (2002) statistically derived a lipid-normalized tissue effects
threshold in juvenile Chinook for PCBs of 2400 ug/Kg lipid based on biochemical and
immune system effects. This threshold was exceeded by juvenile Chinook sampled in the
Duwamish Estuary in 1998 and 1999 (Johnson et al. 2007). More recently, in 2013, 25%
(1 of 4) of juvenile Chinook samples from the Green-Duwamish watershed exceeded this
effects threshold (O’Neill et al. 2015).

3.6.2

Observed Adverse Effects

Juvenile Chinook salmon from the Duwamish Estuary have been observed with
immunosuppression, reduced resistance to disease and decreased growth rates (Arkoosh
et al. 2001, Johnson et al. 2008). It is uncertain if these changes were caused by an
individual contaminant (e.g. PAHs) or a mixture. The observed biochemical changes do not
indicate adverse health effects by themselves (Johnson et al. 2007).
A type of pre-spawn mortality observed in coho is linked to stormwater and has been
documented in small tributaries of the Green River and Duwamish Estuary where Chinook
salmon are not found. There is a specific suite of pre-spawn mortality symptoms which
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result in mortality of male and female coho before spawning. This is an acute mortality
event associated with storm events and the cause is currently suspected to be chemical(s)
in vehicle tires (Du et al. 2017). Local researchers have demonstrated that the symptoms
are induced by urban stormwater runoff (Scholz et al. 2011, Spromberg et al. 2015,
McIntyre et al. 2016) and eliminated by stormwater infiltration through bioretention soils
(McIntyre et al. 2016). This phenomenon has not been observed in other co-occurring
salmonids (e.g. chum). Local studies have demonstrated that urban highway stormwater
runoff induces cardiotoxicity, reproductive effects and mortality in juvenile coho and other,
non-salmonid fish (McIntyre et al. 2015, McIntyre et al. 2014) which can be eliminated by
infiltration through bioretention soils (McIntyre et al. 2015, McIntyre et al. 2016). Chinook
salmon is not a species that has been tested; thus, it is uncertain how they are affected.
These studies indicate that stormwater runoff is potentially toxic to Chinook salmon in
streams. The absence of impact to chum salmon also demonstrates how one salmon species
can be much more sensitive to chemical contaminants than others.

Meador (2014) analyzed Puget Sound coho and Chinook salmon hatchery release and
return data to compare smolt-to-adult return rates (SAR) in contaminated and
uncontaminated estuaries. Ten hatcheries located upstream of contaminated estuaries and
12 located upstream of uncontaminated estuaries were identified for this study. Three of
the selected hatcheries (Soos, Crisp and Keta creeks) are located in the Green-Duwamish
watershed. The Duwamish Estuary was categorized as a contaminated estuary. Thirty eight
years of hatchery SAR data (1972–2008) were statistically compared for Chinook and coho
grouped across years and year-by-year. A significantly lower SAR (45% lower) was
calculated for Chinook from contaminated compared to uncontaminated estuaries across
all years or year-by-year; these statistical differences in SAT were not found for coho in the
same estuaries.
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4.0 CURRENT AND FUTURE ACTIONS
Several ongoing programs and projects are planning actions in the Green-Duwamish
watershed which may provide additional contaminant information relevant to Chinook
salmon and/or may influence contaminant concentrations. Perhaps the two largest
activities that will improve Duwamish waterway conditions are the LDW and EW sediment
cleanups. The LDW cleanup plan will addresses 412 acres of contaminated sediment
through a combination of active remediation and monitored natural attenuation. The EW
cleanup plan is anticipated to be issued by EPA in the next year, which is expected to
include remediation of a large portion of the EW. In addition to the LDW cleanup, King
County and the City of Seattle’s Our Green/Duwamish Program and Ecology’s Pollutant
Loading Assessment are developing tools and strategies to address water quality in the
Green-Duwamish watershed.

4.1.1

The LDW Superfund Cleanup

EPA’s Record of Decision contains the LDW cleanup plan (i.e. Selected Remedy) which
includes the following actions (EPA 2014).
•
•
•
•

105 acres of dredging or partial dredging and capping;
24 acres of capping;

48 acres of enhanced natural remediation (placing clean sand to speed up the rate of
natural recovery; and
235 acres of monitored natural attenuation

Figure 12 illustrates the geographic areas where each type of activity will occur in the LDW.
These actions in combination with EAA cleanups are predicted to reduce PCB contaminant
concentrations by 90% or more in sediment, fish, and shellfish. The cleanup is estimated to
require 7 years of construction to complete followed by 10 more years for monitored
natural recovery. Currently, the LDW Group (City of Seattle, King County, Port of Seattle,
and the Boeing Company) and EPA are conducting pre-design studies which include:
•

•

•
•

Collection of water, sediment, and biota data to establish baseline conditions prior
to the sediment cleanup;

A survey of waterway users to understand how this may affect sediment transport
and remediation technology selections (e.g., current and anticipated tug and barge
activities in the LDW);
Documentation of piers and other structures that may affect remediation design;
and
Collection of supplemental sediment and bank data to assist Ecology with source
control.
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Figure 12.

Remedial Actions in the EPA Selected Remedy for the LDW (EPA 2014)
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Collection of new water, sediment, and biota data will provide more current contaminant
data that could be used to update the information on Chinook salmon exposure levels
provided in this report. The next step in the cleanup process will be remedial design
sampling and engineering plans for the cleanup construction activities followed by the
construction and long-term monitoring.

4.1.2

The EW Superfund Cleanup

The FS for the EW is currently being completed. The FS develops a range of remedial
alternatives to clean up contaminated sediments and provides relative rankings for each
based on various Superfund cleanup criteria (e.g., long-term effectiveness, short-term
impacts, and implementability). EPA will then develop a proposed plan for sediment
cleanup and after a public comment period, EPA will then issue a Record of Decision
outlining the selected remedy for cleaning up contaminated sediments in EW. The
Proposed Plan is expected to be issued in 2018.

4.1.3

Our Green/Duwamish

This project was initiated by King County and City of Seattle. The purpose is to develop a
strategy to coordinate the many different efforts in the Green-Duwamish watershed with
the objective of protecting and restoring its air, land, and waters
(https://ourgreenduwamish.com/). An inventory of projects and programs (Phase I) was
conducted in 2015. Workshops were held in 2016 and an initial Watershed Strategy was
completed in 2017. The priority topics needing more work were identified as stormwater,
open space, climate change, and air quality. Recommendations for actions for each of these
topics were made, with the most attention focused on stormwater. Our Green/Duwamish
will be developing a final strategy and implementation plan for additional stormwater
control in the watershed.

4.1.4

Green-Duwamish Pollutant Loading Assessment

Ecology and EPA are leading the Pollutant Loading Assessment (PLA) for the GreenDuwamish watershed which began in 2012 (Ecology Focus Sheet 2014;
https://fortress.wa.gov/ecy/publications/SummaryPages/1410053.html ). This project is
intended to provide information useful for addressing water quality issues in the
watershed that will remain after the LDW Superfund Site cleanup. Clean Water Act
violations and contaminated water upstream of the LDW are projected to persist after
cleanup is completed. Therefore, EPA and Ecology are working with technical experts and
stakeholders in the region to develop models that can:
•
•
•

Develop a modeling tool to assess pollutant loads from different sources (point and
diffused)
Better understand the relationship between water, sediment and fish tissue quality
Predict improvements in water, sediment and tissue quality expected to occur as a
result of management actions
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This effort will occur in phases over several years. As of early 2017, a modeling project plan
has been completed (TetraTech 2016) and the watershed model is in development
(TetraTech 2017).
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5.0 UNCERTAINTY
This section discusses key types of uncertainty associated with the information presented
in this document. Measurement uncertainty is associated with data/sample collection
methods and analysis for any field or laboratory study conducted. Results of desktop
statistical analyses and modeling studies (e.g., ecological risk assessments) also have an
inherent quantifiable error. This document does not evaluate each study presented here for
these data quality uncertainties. Instead, it evaluates the collective knowledge uncertainty
in relation to this document’s objective: to assess whether there is evidence that Chinook
salmon health is or is not adversely impacted from contamination in the Green‐Duwamish
watershed. The primary sources of uncertainty discussed are data quantity (completeness
of spatial coverage, number, and representativeness of samples) and Chinook salmon
effects assessment methods (effect threshold development/selection and endpoints
evaluated).

5.1

Data Quantity

When considering sample density, the majority of information gathered to characterize
contamination in the Green‐Duwamish watershed has been on sediment chemistry and
benthic invertebrate community health within the Duwamish Estuary. Sediment and
benthic community health data are available at lower densities for the Green River
subbasins. These contaminant data are helpful in describing exposure of juvenile Chinook
salmon to contamination via their diet (benthic invertebrates), direct sediment contact, and
incidental sediment ingestion. The benthic community assessments are also helpful in
describing if there might be a reduction in benthic invertebrate food for Chinook salmon
from contaminant impacts. Collection of water chemistry data has been very limited in
scope and frequency throughout the watershed. The existing data provide some confidence
that contaminant exposure to juvenile Chinook or other aquatic life is not a substantive
chronic problem, but little certainty that acute or chronic exposures are not problematic
under certain flow conditions and/or in some tributaries.
Since 2000, 66 juvenile Chinook salmon composite tissue samples have been processed and
analyzed for the studies reviewed in this report; however, all but 4 of these were sampled
more than 10 years ago. With several Lower Duwamish remediation projects completed
during this time, these older data may represent higher exposures than current conditions.
Most of the available juvenile Chinook tissue chemistry data are from the Duwamish
Estuary where chemical risk is likely highest.
It is most efficient to remain focused on evaluation of Chinook salmon impacts from toxic
contaminants in the Estuary before evaluating Chinook upstream. The overall higher
spatial density of environmental data from the Duwamish Estuary likely represents the
highest risk exposure scenario given this areas’ more industrialized land use history
compared to any area of the Green River. However, there may be more localized, small
scale, but relatively contaminated sediments in some areas of the Green watershed that
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have not been identified to date. This seems unlikely but possible given the limited
sampling conducted in this relatively large watershed.

5.2

Chinook Effects Assessment Methods

5.2.1

Effect Thresholds

Several studies reviewed here have compared contaminant concentrations to WA state
standards (e.g., WQS, SMS). The WQS were developed to be protective of aquatic life while
the marine sediment standards and freshwater and marine benthic cleanup standards
were developed to protect benthic invertebrates. The WA state WQS and SMS were derived
using effect thresholds for many different species. However, Washington State WQS (last
issued in 2006) have not kept pace with EPA’s updates in criteria. For example, the
freshwater copper WQS is still calculated based only on hardness whereas EPA has
updated their freshwater acute and chronic aquatic life copper criteria to account for the
influence of dissolved organic carbon concentrations (i.e., using the Biotic Ligand Model). It
is unknown how well WQS protects Chinook salmon absent incorporation of modern
toxicity information into the WQS. Because they protect benthic invertebrates, the
sediment standards do not include any fish toxicity data. Therefore, studies summarized in
this report comparing sediment chemistry to SMS reflect how contaminants may impact
the health of benthic invertebrate populations, an important food source for juvenile
Chinook. However, these data are not directly relevant for evaluating adverse impacts of
contaminants on Chinook health. More meaningful are the Chinook tissue data and
measures of chemical effect. However, many sources of uncertainty present themselves in
the interpretation of these data.
There are no existing Washington State (or federal) regulatory standards for tissue
concentrations that are protective of fish (some exist for protection of human health or
wildlife). Therefore, effect thresholds for fish tissue assessments require project-specific
derivation and these efforts can result in very different threshold values for the same
contaminant and species of interest. This is partially because of uncertainties in the many
assumptions required to identify an effect threshold. For example, the LDW screening
ecological risk assessment (Windward 2007) used the highest no-effect thresholds from
published studies compared to the maximum measured chemical concentrations in
juvenile salmon. The intent for the risk assessment thresholds was to estimate a value
below which adverse effects to Chinook salmon would not occur. The final selected
threshold for PCBs was 27,000 ug/Kg tissue wet weight based on mortality in spot fish.
During the EW risk assessment screening, a lower effect threshold for PCBs was identified
(1,400 µg/Kg) based on survival of pinfish 4. Criteria leading to these threshold selections
were defined based on several assumptions, such as that growth and mortality effects are
protective but reproductive effects do not need consideration because juvenile salmon do
not grow to reproductive age in the LDW or EW. Other examples of assumptions included:
The 1,400 µg/Kg no effect level was based on applying an uncertainty factor of 10 to an observed adverse
effects level of 14,000 µg/Kg ww in pinfish (Hansen et al 1971).

4
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•
•
•
•

Only used tissue concentrations provided in study; none were estimated,

effects study data on any fish species can be considered, not just salmonids or
Chinook,

the highest qualifying no-effect concentration below the lowest qualifying effect
concentration should be used for endangered species assessment,

and effect and no-effect concentrations should be in wet weight, not lipid
normalized.

The rationale for the appropriateness of these and other assumptions is provided in the
LDW and EW ecological risk assessments (Windward 2007, 2012) and is not the subject of
discussion here.

In comparison, Meador et al. (2002) estimated a PCB Chinook salmon tissue effects
threshold for sublethal effects using different assumptions that resulted in 2.4 µg/g lipid,
equivalent to approximately 144 µg/Kg tissue wet weight (assuming 6% lipid). Criteria
leading to this threshold selection were defined based on assumptions such as the 10th
percentile concentration of biological effect studies is protective of individual Chinook
salmon. Other example assumptions used by Meador et al. (2002) included:
•

•
•
•
•

that 75% of an injected Aroclor PCB dose or 50% of ingested food dose is
adsorbed into body tissues (used to estimate tissue concentrations from
injection or food exposures if not reported),

only salmonid species effects studies should be used to calculate an effects
threshold,
a PCB effect concentration should be lipid normalized before evaluation,

lipid content, to allow lipid-normalization, was estimated from the literature for
different Chinook salmon lifestages (adult, fry and juvenile),

and immune system/biochemical effects should be considered, but mortality
and growth effects excluded.

Several other assumptions are described in Meador et al. (2002).

These three different PCB effect thresholds (27,000 µg/Kg, 1,400 µg/Kg and 140 µg/Kg)
were generated using different assumptions including different target endpoints (growth
and survival versus biochemical changes). Biochemical endpoints are more sensitive and
provide additional protection than other endpoints, but their link to individual health and
survival is more tenuous than growth, reproduction, and survival endpoints. In this
comparison, the no-effect thresholds (27,000 and 1,400 µg PCBs/Kg) are much higher than
the effect threshold (144 µg PCBs/Kg); the largest difference is two orders of magnitude.
This comparison highlights one reason tissue effect thresholds are highly uncertain and can
result in different conclusions regarding the potential risk of effects.

The quantity of available exposure and effect studies for salmonids is much lower than for
other fish species. Often, available salmon studies are limited to rainbow trout, a species
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bred captively for mass production and questionable in its representation of wild salmon.
For example, six dietary exposure studies were identified for the LDW ecological risk
assessment of arsenic in fish (Windward 2007). All but one of these tested rainbow trout
and the remaining species was striped bass, a non-salmonid.
Very few effect thresholds have been developed for the numerous CECs that are
documented to adversely impact fish. Therefore, although these chemicals have been
detected in Puget Sound and its urban estuaries, there is currently no established method
for interpreting measured concentrations.

5.2.2

Exposure Pathways

Chinook salmon can be exposed to contaminants through respiration (uptake through
gills), dietary ingestion of prey, and incidental ingestion of sediment. Exposure through gill
uptake can be significant for contaminants like many metals; thus, gill tissue concentrations
can provide valuable information. The most uncertain estimation is for direct exposure to
sediments through ingestion. However, this pathway is usually a small contribution to total
exposure. The dietary pathway for fish is often of significant magnitude for certain
chemicals, but it is difficult to accurately quantify exposure from this pathway. Some
studies measure chemical concentrations in dietary components (e.g., stomach contents,
invertebrate prey) which can have high natural variability due to individual preferences
and food availability. Even with this information, there is uncertainty in the chemical
uptake rate from food into fish tissue that is challenging to characterize. Dietary exposure
assessment may be more valid than salmon tissue assessments if the contaminant(s)
present are metabolizable by fish, such as with PAHs. Using tissue chemistry data to
estimate exposure has the advantage of integrating accumulation from all exposure
pathways. Thus, it is found useful when assessing bioaccumulative chemicals.

5.2.3

Multiple Contaminant Effects

It is rare for only one chemical contaminant to be elevated in natural surface waters,
especially in urban environments like the Duwamish Estuary. The effects of exposure to
contaminant mixtures on fish are poorly understood and can only be assessed for a limited
number of related chemicals (e.g., dioxins). Chemicals can have additive, antagonistic or
agonistic effects but the net effect of multiple contaminants on fish are unknown. For this
reason, biomarkers or evidence of adverse health in fish are sometimes used to evaluate
contaminant effects. Perhaps the largest challenges in using biomarkers are determining
which environmental contaminant causes the measured effects and if the observed effects
impact the health and long-term survival of the fish. Lastly, the combined effect of chemical
exposures and other stressors, such as higher temperatures and low dissolved oxygen, on
fish is also difficult to assess.
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6.0 DISCUSSION AND CONCLUSION
Observations of potential impacts of contaminants to juvenile Chinook salmon:
•

Chinook smolt-to-adult (SAR) return rates have been found to be significantly lower
in contaminated estuaries, like the Duwamish, relative to uncontaminated estuaries.

Tissue chemistry/biomarkers
•

•
•
•

LDW and EW risk assessments did not identify risk of impaired growth or survival
for juvenile Chinook salmon. However, the LDW risk assessment noted reduced
immunocompetence may occur in juvenile Chinook migrating through the LDW.
Subsequent studies using more conservative assumptions concluded PCBs may be
causing health impacts.
The risks of impacts to Chinook salmon from CECs are unknown although these
chemicals have been detected in the Lower Duwamish Estuary.

Relatively little juvenile Chinook tissue chemistry data have been collected or
evaluated in the Duwamish Estuary in the last 10 years, and even less data are
available for the Green River. Available tissue chemistry data indicate juvenile
Chinook salmon are bioaccumulating contaminants while in the Duwamish Estuary.
Tissue assessments suggest that PCB exposure may be causing sublethal adverse
effects to juvenile Chinook salmon.

Sediment
•

•
•

•

In the most contaminated areas of the LDW and EW, contaminated sediments are
potentially impacting benthic invertebrates which could reduce the quantity or
quality of food for juvenile salmon.
Juvenile Chinook salmon in the Duwamish Estuary are exposed to sediments
contaminated with PCBs, PAHs, some metals and phthalates.

In the Duwamish Estuary, PCBs are the most widespread sediment contaminant.
Sediment contaminants in the Green River need more characterization. Based on
existing data, sediment contamination is highest in Mill (in Kent) and Springbrook
Creek and may be a concern to benthic invertebrates. Mill Creek (in Auburn) is less
contaminated and Jenkins, Newaukum, Covington or Big Soos creeks are of little
concern. Arsenic and BEHP concentrations most frequently exceeded the no-effects
benthic sediment cleanup level (SCO) in Green River tributaries.

Superfund cleanup of contaminated sediments will be an important step in reducing
the exposure of aquatic life including Chinook salmon to contaminants, particularly
PCBs. Sediment recontamination will remain a risk from dredging activities during
cleanup of the LDW and EW.

Water chemistry
•

Several water quality assessments have not identified any chemicals that are
presenting notable risk to aquatic life. Of the chemicals investigated, mercury in
water may be a chronic exposure risk for juvenile Chinook salmon in the Green
River.
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A qualitative summary of information on contaminant risk to juvenile Chinook salmon
reviewed in this report is presented in Table 5. The summary considers whether the
completed assessments using each data type are directly reflective of risk to Chinook
salmon, the level of risk posed to Chinook by the contamination, and how much knowledge
uncertainty is associated with the information.

Considering the low sample density and spatial distribution of water samples across the
whole Green-Duwamish watershed, uncertainty associated with water data is concluded to
be high although risk based on existing data appears to be low (Table 5). The risk from
sediment contamination in the LDW and EW to Chinook from direct ingestion has not been
quantified but is likely low relative to other pathways. However, the knowledge uncertainty
on this risk is high due to limited information available on sediment consumption during
feeding activities. Sediments in the LDW and EW are well characterized, but the impacts of
sediment contamination on Chinook salmon are highly uncertain because direct exposure
data are unavailable. The impacts of sediment contamination in some areas of LDW and EW
on benthic invertebrates is high 5 (adverse impacts) to moderate (minimal impacts)
potentially reducing Chinook salmon food quality or quantity. The knowledge uncertainty
regarding how these benthic impacts affect Chinook salmon is high. Chinook tissue and
biomarker data are the most directly relevant to Chinook salmon. Tissue chemistry
assessments using these data in the LDW and EW RIs concluded low contaminant risks
while the most recent assessment by WDFW indicates PCBs may be adversely affecting
juvenile Chinook. Due to low sample density and effects assessment methods, knowledge
uncertainty is high.
Only water and sediment chemistry data were identified as available from the Lower and
Middle Green River subbasins (Table 5). Aquatic life assessments suggest overall chemical
exposure to Chinook salmon is low. The risk from sediment contamination in the Lower
and Middle Green River to Chinook salmon from direct ingestion has not been quantified,
but is likely low relative to other pathways. The knowledge uncertainty on this risk is high
due to limited information available on sediment consumption during feeding activities.
Similarly in the Upper Green, only water chemistry data are available and the overall
chemical exposure appears low. The knowledge uncertainty associated with these data is
high due to low sample density and lack of updated Chinook-specific thresholds in the
WQS.

Summary of Information available on contaminant risk to juvenile Chinook.
Duwamish Estuary
Chinook
Risk Level
Uncertainty
Notes
specific
assessment?
Water
No – Aquatic
Low
High
Low data volume;
Life
not evaluated with
updated Chinookspecific thresholds.

5

Risk definitions used here are not equivalent to regulatory definitions used in Superfund process.
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Duwamish Estuary

Chinook
specific
assessment?
None completed

Risk Level

Uncertainty

Notes

Low

High

Sediments and Benthic
Invertebrates

No – Indirect
exposure via
prey

High (for 4% of
LDW);Moderate
(for 18% of LDW);
Low in other areas

High

Tissue/Food/Biomarkers

Yes

Moderate (PCBs)

High

SAR (return rates)

Yes

High

High

Lack of exposure
data; unknown and
indirect effect on
Chinook.
Large volume,
indirect and
unquantified effect
on Chinook; multiple
lines of evidence.
Small data volume
and highly uncertain
effect thresholds.
Contaminants as
cause for low SAR
unconfirmed. Need
further analysis and
other lines of
evidence.

Low to Mid-Green
Water

No – aquatic life

Low

Moderate

No

Low

High

No – Indirect
effect on prey

Low in mainstem
and most
tributaries;
moderate in
Springbrook and
Mill (Kent) creeks.

High in
mainstem;
Moderate in
tributaries.

No – aquatic life

Low

High

Sediments – Direct
Exposure

Sediments – Direct
Effect

Sediments and benthic
invertebrates

Upper Green
Water

Small data volume;
Black River levels
highest for PCBs
and PAHs.
Lack of exposure
data; unknown and
indirect effect on
Chinook.
Indirect and
unquantified effect
on Chinook; Low
sample density in
mainstem; >10 per
creek.

Small data volume;
not evaluated with
Chinook-specific
thresholds.

Relatively recent tissue chemistry data, biomarkers, and smolt-adult-return rate analysis
provide multiple lines of evidence, although from only a handful of studies, that juvenile
Chinook may experience adverse effects from contaminants in the Green-Duwamish
watershed. However, substantial basic knowledge uncertainties are associated with these
studies. Recent Chinook tissue assessments are based on only one published Chinookspecific effects threshold for PCBs, one for PAHs and one for PBDEs. Additional studies are
needed to bound the uncertainty in relating tissue thresholds and effects in juvenile
Chinook. The biomarkers measured by Johnson et al. (2008) and (Arkoosh et al. 2001) need
to be connected to Chinook survival and repeated in additional studies. Additional work is
needed to demonstrate that lower SARs for Chinook in contaminated estuaries like the
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Lower Duwamish result partly or wholly from contaminants and not lack of refugia, food,
slower growth or other factors.
Considering all of the information reviewed in this report, findings relevant to chemical
contaminants and Chinook are:
•

•
•

•
•

•

•

The Chinook salmon smolt-to-adult return rates have been found to be significantly
lower in contaminated estuaries (including the Duwamish Estuary), relative to
uncontaminated ones.
Duwamish Estuary Chinook salmon are more contaminated than those in other
Puget Sound waterbodies;

Duwamish Estuary juvenile Chinook salmon may experience adverse effects from
contaminants; reduced immunocompetence may occur in juvenile salmonids
migrating through the LDW. Better effects data are needed to evaluate effects from
PCBs and additional contaminants. No information on potential impacts of CECs on
salmon are available for WRIA 9 although limited data show some are present in the
Duwamish Estuary.
Biomarkers, demonstrating contaminant exposure, have been observed in LDW
Chinook salmon.
Benthic invertebrates in some areas of the Duwamish River experience adverse
effects from contamination. Therefore, it is possible this could reduce food
availability for juvenile Chinook salmon and/or shift diet composition.

Generally, water and sediment contaminant concentrations increase with distance
downstream making the Upper Green the least contaminated and Duwamish
Estuary the most contaminated;
In general, tributaries with evidence of highest sediment contamination are the
most urbanized (Springbrook and Mill [in Kent] creeks).
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7.0 RECOMMENDATIONS
Although there are several substantial knowledge uncertainties related to contamination in
the Green-Duwamish watershed, the highest risk to Chinook salmon from chemical
contaminants is most likely in the Duwamish Estuary. Focusing future Chinook salmon
work on this part of the watershed will increase the likelihood of success in determining if
contaminants are impacting Chinook survival. However, contamination in the Lower Green
River, while less severe than the Duwamish River, may also impact Chinook survival.
Therefore, supplementing Duwamish Estuary sampling with some in the Lower Green
River is recommended to provide context on relative spatial contributions and inform if
management of chemical contamination upstream of the LDW will be necessary.

While tracking the LDW cleanup schedule, it is recommended that further direct work on
Duwamish Estuary Chinook salmon be supported by the WRIA 9 group. Work completed
before cleanup begins on the LDW and EW will provide a foundation for comparison with
future data to measure how juvenile Chinook health and contaminant impacts change over
time. This work will be most efficiently directed at Chinook diet and tissue chemistry,
biomarkers and sublethal effect measurement and improvement of Chinook-specific effect
thresholds. Although any single type of exposure or effect measurement may have
substantial uncertainties, collectively, multiple lines of evidence can more accurately
characterize chemical impacts on Chinook salmon.
Recommendations for Future Work:
•

•

•

•

Conduct studies that measure contaminants in juvenile Chinook tissues and stomach
contents at different life stages or residence times; e.g., in rearing habitat for
Chinook, in restored habitat project areas, and where tributaries enter the Green
River. This work will strengthen the small dataset available for risk evaluation.
Focus new studies on contaminants known to be elevated in the Duwamish Estuary
and for which substantial effects data are published for some salmonids (PCBs,
PAHs) and opportunistically explore CECs, such as pharmaceuticals, in water and
Chinook salmon to build a chemistry database. CEC analysis is costly, effects analysis
tools are lacking, and substantial new data are necessary to begin risk evaluation for
Chinook. Therefore, prioritizing known contaminants first will optimize resources.
Establish one or more new tissue effect thresholds for PCBs that are Chinookspecific. Effects thresholds are a tool that allow chemistry results to be placed into
the context of toxicity. PCBs are the most widespread contaminant in the Duwamish
Estuary. Outside of Superfund risk assessments, there is only one published PCB
effect threshold that has been developed to assess Chinook in this region. Given the
highly variable assumptions made in defining an effects threshold, developing one
(or more) new PCB thresholds would provide a more stable foundation for
evaluating how PCBs are affecting Chinook survival.
Support studies that examine other effects evidence (e.g., juvenile Chinook
bioassays with Duwamish sediments, biomarkers) by providing in-kind or financial
assistance. In addition to the types of evidence recently collected for Chinook
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•

salmon (tissue and stomach content chemistry concentrations), work on other lines
of evidence that can demonstrate occurrence of contaminant effects. For example,
encourage National Oceanic and Atmospheric Administration or WDFW to conduct
laboratory exposure of salmon for PCB, PBDE, PAH effect endpoints using
Duwamish sediments.

Tease out cause(s) of lower SAR by collecting juvenile salmon when they leave the
Duwamish Estuary and measure body mass, nutrition and stomach contents and
compare to release mass of Chinook salmon from hatcheries. This would test if food
quality (e.g., benthic invertebrates) between hatchery and Duwamish Estuary
mouth may be reducing juvenile health and decreasing SAR.
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A synthesis of changes in our knowledge of Chinook salmon productivity and habitat uses in
WRIA 9 (2004 – 2016)
Purpose:
This technical briefing synthesizes and evaluates available Chinook salmon habitat use and productivity
literature that has become available since 2004, with an emphasis on WRIA 9 specific information. The
information should pertain to possible updates the WRIA could make to amend programs, policies or
project rankings as part of the Chinook salmon recovery effort that was documented in the 2005
Chinook salmon Habitat Plan.
The paper is organized into two primary sections, issues that cross subwatersheds, or ‘watershed wide
issues’ and then issues focused on individual subwatersheds. Following the description of major topic
area is a subsection summarizing the primary technical recommendations and implications for recovery
actions. Three other technical briefings will cover climate change, chemical contaminants in the
watershed, and water temperature issues. In sum, these briefings will be considered an addendum to
the 2005 WRIA 9 Strategic Assessment Report-Scientific Foundation for Salmon Habitat Conservation,
and provide the scientific foundation for updating the 2005 Salmon Habitat Plan.

Watershed Wide Issues
Viable Salmonid Population Parameters and Green River Chinook
In order for Puget Sound Chinook to be removed from the Endangered Species Act listing, two
populations within the South Puget Sound geographic region (Nisqually, Puyallup, White,
Duwamish/Green, and Lake Washington) will need to attain a low risk status of extinction. The
watershed conditions for the remaining populations need to be improved compared to conditions at the
time of listing. To be considered low risk of extinction, a population will need to meet the NOAA
viability criteria for all Viable Salmonid Population (VSP) parameters (abundance, productivity, spatial
structure, and diversity).
NOAA defines VSP as:
 Abundance is the number of individuals in the population at a given life stage or time;
 Productivity or population growth rate is the actual or expected ratio of abundance in the next
generation to current abundance;
 Spatial structure refers to how the abundance at any life stage is distributed among available or
potentially available habitats; and
 Diversity is the variety of life histories, sizes, and other characteristics expressed by individuals
within a population.
VSP-Abundance
The number of natural origin Green River Chinook spawners is the primary life stage that is tracked for
the abundance indicator. The overall trend in abundance has been steadily declining since before the
first plan was adopted in 2005 (Figure 1 and Table 1). In 2009, the number of Natural Origin Spawners
(NOS) was the lowest ever recorded, with less than 200 fish. For five of the past seven years (20102017), the number of NOS has been less than the lowest planning target range (1,000 NOS) for WRIA 9.
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Figure 1. Trends in natural origin Chinook spawners and all spawners (hatchery origin plus natural
origin). (Data from NOAA Salmon Population Summary Database and WDFW Nathanael Overman)
Table 1. Status of VSP metrics of the Green River Fall Chinook population from 2005 through 2015. (Data
from NOAA Salmon Population Summary Database and WDFW Nathanael Overman. 2005-2008 numbers from
WRIA 9 ITC 2012)
From WRIA 9 ITC 2012 From NOAA SPSD and WDFW (Nathanael Overman)
Population
attribute
Productivity
Abundance
Diversity
Diversity

Indicators of change
Egg-to-Migrant Survival
(RM 34-60)
Natural origin spawners
Hatchery-origin recruits
spawning in river
Relative abundance of
parr

Diversity

Timing of peak
outmigration

Diversity

Timing of peak
outmigration
Proportion 5 and 6 year
old spawners
Changes to spawning
distribution

Diversity
Spatial
Structure

Units
% of eggs
deposited
#

Target
~8%

2005 2006 2007 2008 2009

1000-4200

1046 2535 2022 4227

% of total

<30%

% parr
fry

TBD

parr
% of NOR
returns

Increase
No data

1.47

0.09

2010

3.66 2.07 2.10% 5.70%

2011

2012

8.00%

6.02%

2013

2014

2015

9.72% 11.39% 8.75%

182

909

640

1685

559

1069

864

60

60

53

35

74

60

40

47

74

63

79

70

31

37

39

39

90

49

53

28

20

3

3/11- 3/30- 3/303/16 4/5 4/5

3/294/4

3/73/13
5/235/29

2/202/26
6/46/10

3/113/17
5/276/2

3/33/9
5/266/1

2/22/8
6/156/21

7%

2%

16%

17%

6%

6/2- 6/15- 6/156/8 6/21 6/21
65%
not evaluated
not evaluated

6/76/13
1%

not evaluated

VSP-Productivity
The WRIA has tracked egg-to-migrant survival rates as a primary means of evaluating productivity (WRIA
9 ITC 2012). Egg-to-migrant survival rate is defined as the proportion of fertilized eggs that become
juvenile migrants (fry or parr) into the Lower Green, as quantified by the WDFW smolt trap at river mile
34. Although, the average rate for wild Chinook populations is 10.4% (Quinn 2005), the WRIA has set a
target of 8% because the Green River Chinook population has high rates of hatchery fish spawning with
2
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wild fish (see diversity metric below). Between 2005 and 2015 the survival rate has ranged from 0.09%
to 11%, with an average of 5.4% (Table 1). While the average over the last 11 years is below the WRIA’s
target, there has been an increase in the egg-to-migrant survival rate, with an average over the last 5
years (2011-2015) of 8.7%, compared to the previous 5 years (2006-2010) average of 2.9%.
VSP-Spatial Structure
The WRIA has not directly tracked a specific indicator or metric for spatial structure. However, natural
origin adults predominately spawn in Newaukum Creek and the mainstem Green River. Due to genetic
goals at the Soos Creek Hatchery, most of the adults passed above the hatchery to spawn naturally in
Soos Creek are of hatchery origin. Furthermore, adults are still not being passed upstream of Howard
Hanson Dam. For the spatial structure of the population to improve, natural origin spawners will need
to be spawning in both of these areas that were part of their historic range.
VSP-Diversity
The fourth VSP parameter, diversity, refers to variation within a population which covers a wide range of
characteristics, one of which is life history type. For example, within WRIA 9, juvenile life history types
have been classified according to how long they reside in different parts of the Green River, with special
emphasis on the Middle Green as well as the Duwamish. There are three broad life history types: fry
migrants, parr migrants, and yearlings (Figure 2 and Table 1), however fry migrants can be broken down
into three categories, making a total of 5 life history types.
1. The first fry life history type is early or marine direct fry migrants. These fry leave the Middle
Green shortly after hatching and move quickly from the estuary into Puget Sound. Based on fish
use sampling (Ruggerone et al. 2006, Nelson et al. 2012 and U.S. Army Corps of Engineers 2013,
ICF International 2010) this life history type does not occur in large numbers, but appears to be
present.
2. The second fry life history type leaves the Middle Green from Jan through March and rears for
weeks to months in the Duwamish until they reach smolt size. This life history type is
considered common and generally is the most abundant juvenile life history type (Ruggerone et
al. 2006, Nelson et al. 2012, Topping and Anderson 2014), but recent data from 2015 and 2016
showed very few of this life history type survived to adulthood in 2015 (Personnel
Communication Lance Campbell, WDFW 2017. See the otolith section below for more
information).
3. The third fry life history type, Lower Green parr, are fish that leave the Middle Green as fry, but
rear in the Lower Green until they are parr size and ready to smolt. The evidence for the
prevalence of this life history type is incomplete due to limited fish use sampling and the
constant immigration of new fish from the Middle Green River. Recent sampling shows some
amount of preferential use of select habitats within the Lower Green, indicating that at least
some fish are likely rearing in the Lower Green until reaching parr size (McCarthy et al. 2017 and
Gregersen 2017). However, the Lower Green generally lacks adequate off channel habitat that
would allow large numbers of fry to rear long enough to reach parr size (R2 Resource
Consultants 2014).
4. The fourth life history type is the Middle Green parr that rear in the Middle Green River as fry
and migrate out of this area from late March through June. They are considered relatively
common, and are generally the second most abundant life history type (Topping and Anderson
2014, Anderson and Topping 2017).
5. The fifth life history type are yearlings, which are juveniles that spend an entire year in
freshwater before immigrating out of the Green River. It is not clear where in the broader Green
River they overwinter. The majority of yearlings captured in the past are from hatchery releases
3
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of yearling fish that were purposefully held for a year in an attempt to residualize the fish to
create year round fishing opportunities in Puget Sound. These fish are commonly referred to as
being part of the ‘blackmouth’ fishery. The wild yearling life history type has been found in
small numbers at the Washington Department of Fish and Wildlife (WDFW) smolt trap (Topping
and Anderson 2014) and in the limited floodplain accessible habitats of the Lower Green
(Lucchetti et al. 2014).

Figure 2. Primary Chinook salmon life history types in the Green River (updated and modified from
Ruggerone and Weitkamp 2004).
WRIA 9 has used three metrics to measure diversity.
1. The first metric is the percentage of hatchery origin spawners spawning in the wild with natural
origin Chinook. The target is for there to be less than 30% hatchery origin Chinook spawners.
This has not been met in the last 10 years, during which time the proportion of hatchery fish on
the spawning grounds has ranged from 35% to 75% (Figure 3 and Table 1).
2. The second metric is the percentage of juvenile Chinook that outmigrate as parr. Based on
recent analyses by Anderson and Topping 2017 (described in more detail below in Middle Green
subwatershed section), this indicator should no longer be used because the observed
percentage relies heavily on basic habitat capacity, the number of natural origin spawners, and
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the flow experienced during rearing. Tracking the percent of parr does not provide a reliable
metric to compare trends given the number of factors that affect it.
3. The final metric is the proportion of natural origin adults that return as five and six-year old fish,
with a simple target of an increasing percentage of older fish returning over time. In the last
seven years there have been no six-year old fish, thus all the data discussed summarizes only
five-year old Chinook. Excluding 2009, which was an outlier year with the lowest return of
adults on record, the proportion of five-year olds has ranged from a high of 17% to a low of 1%
(Table 1). The average percent return for the last 10 years, 14.4%, is similar to the average over
the last 46 years of 15.4%.

Figure 3. Percent of hatchery Chinook in the Green River spawning grounds compared to natural origin
Chinook (from the 2014 WRIA 9 Implementation Progress Report 2005-2014)

Technical Recommendations and potential implications for recovery actions:




The overall trend in wild Chinook salmon population abundance is still declining. The returns of
wild fish to the Green River in 2009 were the lowest recorded in the last 30 years, with less than
200 wild fish spawning in the river (Figure 1). As noted above, a primary way to increase adult
abundance is to create or get access to more rearing habitat. Improving and increasing rearing
habitat in the Middle and Lower Green and providing access to the upper watershed are primary
ways of achieving this goal.
Productivity has improved in the last five years (2011-2015), compared to the previous 5 years
when the WRIA last evaluated the egg-to-migrant survival rate. It is unclear why the rate has
improved. Based on findings described in the diversity section above, the WRIA should likely
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focus on evaluating the number of parr leaving the Middle Green versus the proportion of parr
to fry as a better indicator of long term habitat capacity and productivity because the number of
fry leaving the Middle Green is highly variable, which makes using the metric of the percentage
of parr useless.
Spatial structure is not being tracked. There is a suggestion in the Strategic Assessment that the
WRIA create a method to track to what extent spawning habitat patches are utilized every year.
The ITC also recommends creating a metric to evaluate Chinook parr distribution, possibly
through minnow trapping as has been done in some Alaska watersheds (Bryant 2000). The
WRIA should develop spatial structure metrics that can be cost efficiently tracked.
Spatial Structure is still greatly limited compared to historic conditions. The lack of fish passage
at Howard Hanson Dam (HHD) greatly impacts the WRIA’s ability to meet this goal. The
upstream fish passage facility is complete. However, the downstream fish passage facility at
HHD (Project # UG-4) has not been built and it is unclear when it will be. Given the large
quantity and high quality of spawning and rearing habitat above the dam in combination with
the highly constrained built-out condition of the lower two thirds of the watershed, the lack of
access to the habitat upstream of HHD is negatively affecting all VSP parameters. Providing fish
passage at the dam is a critical need and this project should continue to be a high priority for the
WRIA.
Diversity metrics show there are still very high numbers of hatchery fish on the spawning
grounds. Since plan adoption, the percent of hatchery spawners has not fallen within the target
range set by the Hatchery Scientific Review Group (HSRG) for an integrated stock like the Green
River. This points to a need for the ‘H’ integration process to be restarted and reinvigorated
with the co-managers so that solutions for issues like the number of hatchery adults spawning
with wild fish can be implemented.

Fish Passage


The majority of known barriers are found higher up in most stream systems, limiting habitat
access to primarily coho salmon and steelhead. A comprehensive fish passage barrier
assessment has never been done within WRIA 9 and the list of known barriers comes from
assessments of small geographic areas that underwent an assessment for one reason or another
over many years. Given the built out nature of the lower two thirds of the watershed, there are
many stream crossings that have never been assessed for passage. Furthermore, the ability of
fish to pass a structure changes over time as stream conditions change. WDFW suggests that
partial barriers and passable stream crossing be evaluated roughly every ten years (Price et al.
2010). With the recent establishment of the statewide Fish Barrier Removal Board, there has
been renewed effort at the state level to fund and address known fish passage barriers. While
there are many known barriers within WRIA 9, there are two barriers that are of higher
importance than most others:
o Howard Hanson Dam (HHD): In 2005 it was expected fish passage at the dam would be
provided within five years. While the upstream passage facility was built, the
downstream fish passage structure has not been built yet. There are differing estimates
as to how much salmon habitat would be accessible above the dam. The range of fish
habitat that would be opened up is from 78 miles to 165 miles (United States Army
Corps of Engineers 1998 and WRIA 9 Salmon Plan 2005). The lack of downstream
passage has had a huge impact on the trajectory of recovery for the population. The
large amount of generally higher quality habitat above the dam that is still inaccessible,
which affects all VSP parameters (WRIA 9 Strategic Assessment 2005).
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o

Black River pump station: New technical documents produced in 2015 as part of the
Black River Needs Assessment and Capital Improvement Planning indicate that the
pump station has a variety of fish passage issues related to how the facility is structured
and managed. The description implies that velocities through parts of the structure
would limit upstream passage of smaller juvenile salmonids. Passage equipment is run
only during certain times of the year, greatly limiting both upstream and downstream
passage. Some of the pump intakes lack fish exclusion screens to keep fish out of the
intakes for the pumps; these unscreened pumps are each run an average of hours a
year. The pump station is located near the mouth of the Black River, which limits access
to over 50 miles of stream, including Springbrook Creek, Panther Lake Creek, Garrison
Creek, and Mill Creek (Kent) (Figure 4). Habitat assessments done in the 1990s indicate
that much of the physical habitat is not in ideal condition and there are a large variety of
water quality problems (Harza 1995). While Chinook have been found in the system
(Harza 1995 and Personal Communication Gordon Thomson, U.S. Army Corps of
Engineers, 2011) the stream habitat is more typical for coho and steelhead.

Technical recommendations and potential implications for recovery actions:





Implementation of the existing Salmon Plan Project UG-4 (Upper Green project #4), which
would provide downstream fish passage at HHD, remains a critical gap to all VSP parameters especial spatial structure.
Work with King County to prioritize improvements in both the fish passage infrastructure as well
as standard operating procedures at the Black River pump station.
Invest in a fish passage program that would provide an ongoing comprehensive assessment of
potential barriers, with an emphasis on areas within the typical range of Chinook salmon.
Map and prioritize fish passage barriers in WRIA 9 according to the amount and quality of
habitat upstream. Given issues described in the water quality temperature technical memo, an
emphasis on cold water refugia and rearing habitat should also be considered in any passage
program (Kubo 2017).

Spawning


Chinook have been seen spawning in tributaries they were not previously documented in and
we have more detailed data for where they spawn within Soos Creek (Figure 5).
a. The Muckleshoot Indian Tribe (MIT) surveys in Soos Creek during the last five years have
documented the primary spawning areas more definitively than past efforts. The vast
majority of the spawning in the Soos Creek Watershed is occurring on the mainstem of
Soos Creek from the mouth of Jenkins Creek downstream to the hatchery.
b. Since plan adoption in 2005, Chinook have been seen spawning in: Bingamon Creek,
tributary to Mullen Slough within the Agricultural Production District in 2010 (Personal
Communication Don Finney King County, 2010), and by the ACOE in of Springbrook
Creek in 2011 (Personal Communication Gordon Thomson, U.S. Army Corps of
Engineers, 2011), Watercress Creek, a tributary to Newaukum Creek by KCDOT in 2007
(Personal Communication Stephen Conroy, King County, 2017), and Big Spring Creek in
2016 (Personal Communication Josh Latterell, King County, 2017).
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Figure 4. Map of the subwatershed that feeds into the historic Black River.
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Figure 5. Locations of previously undocumented Chinook spawning areas. Adapted from the WRIA 9
Habitat Limiting Factors and Reconnaissance Assessment 2000.
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In the 2005 plan, a landslide located in the Middle Green near river mile 45.5 was singled out as
a concern because of potential sedimentation of redds. However, a subsequent assessment
indicated that there was no ongoing sedimentation impact from this slide (Booth 2012).
The gravel supplementation program (Plan Program M-1) has been implemented for over ten
years to supplement spawning gravel in the Middle Green to counteract the impacts of the HHD
which had starved the Middle Green of spawning gravels. Concerns had been expressed about
the high number of redds occurring in the immediate area supplemented with gravel and
because of the potential for redds to be undermined by the mobility of recently placed
substrate. In response to those concerns, the ACOE has modified how it places gravel and
reduced the size uniformity of the gravel to make it less mobile so that the gravel more slowly
gets incorporated into the river (Personal Communication Holly Coccoli, MIT, 2017).
Since plan adoption, different methods to estimate spawner abundance have been used and
explored by the co-managers. There are large differences in the escapement estimates created
by redd counting versus genetic mark-recapture. More work is needed to understand the
strengths and weaknesses of the different methods. This is predominately an issue to be
worked between the Co-managers, but it affects the WRIA in because of how much the
population abundance monitoring and tracking rely on the Co-managers’ data.
The MIT tagged and tracked adults shortly after entering the estuary in 2015, 2016, and, 2017,
with tags that included temperature gauges. They undertook this study due to gain a greater
understanding about the possible impacts of high water temperatures on adult Chinook
migrating through the lower river. Temperature gauges on and in the fish provide a more
accurate understanding about the conditions the fish experience while holding and migrating
through the river and can provide insight into if fish are finding and utilizing any cold water
refugia. Although the results of this research will not be available for this addendum to the
Strategic Assessment (Personal Communication Holly Coccoli, MIT, 2017), the results should be
tracked to see if different actions might be called for before the next 10 year update.
Anderson and Topping’s (2017) verified that spawning habitat in the Middle Green River is not
currently limiting the productivity of the Chinook salmon population; rather the lack of juvenile
rearing habitat is the primary limiting factor. No matter the number of spawners, a similar
number of parr are leaving the Middle Green each year.

Technical recommendations and potential implications for recovery actions:





Management Strategy 1 (also known as Policy MS-1) guides differentially allocating funding to
specific subbasins based on limiting factors and habitat needs, page 5-16 of the Salmon Plan.
This policy should be reviewed for relevancy given all the information we now have. It is often
difficult to determine how much an individual project improves spawning versus rearing habitat
when restoring riverine processes. At a minimum, the stipulation related to spending one third
of funding resources on spawning habitat restoration should be evaluated since spawning
habitat does not appear to be limiting the population at this time.
Devote resources to better understand the strengths and weaknesses of different methods of
counting spawner returns, and encourage use of the most accurate methods.
Continue to track the ACOE’s gravel supplementation effectiveness monitoring and the MIT’s
adult archival tagging monitoring effort. Consider incorporating findings into a plan update prior
to the next 10 year update if findings warrant it.

10

A synthesis of changes in our knowledge of Chinook salmon productivity and habitat uses in WRIA 9 (2004 – 2016)

Floodplain Habitats








The Salmon Plan does not generally describe the floodplain’s value to salmonid rearing as much
as it notes the large acreage loss of connected floodplain area and the conversion of land cover
from forested floodplains to some form of developed land cover (industrial, residential and
agricultural). The most intensive changes in land use and development patterns occurred along
the banks of and within the floodplain of the Lower Green subwatershed (Strategic Assessment
2006).
Since plan adoption, there have been many papers out of the Sacramento River area (Summers
et al. 2001a and 2001b, 2004, 2005, Jeffres 2007, Feyrer et al. 2006, Moyle et al. 2007, Henry et
al. 2010, and Katz et al. 2013), Columbia River system (Lestelle et al. 2005) and the Chehalis
River (Henning 2004) showing that Chinook growth was greater for fish with access to the
floodplain versus those rearing in mainstem habitats only. It is theorized that the increased
growth rate is due to that they have access to a greater amount of food resources in the
floodplain than in the main channel and that the risk of stranding is offset by the potential for
increased growth rates. These papers describe how important floodplain habitats are to
juvenile Chinook growth in general and aid in understanding how the magnitude of habitat loss
in the Lower Green and to a lesser extent in the Middle Green have impacted juvenile Chinook
production locally.
The habitat area within the bank full width of mainstem channel in the Lower Green is
approximately 282 acres (unpublished King County GIS data 2017). Historically, the Lower
Green River had approximately 19,642 acres of connected floodplain (Collins and Sheikh 2004)
and currently has only 3,518 acres of partially connected floodplain. The estimate of the current
amount of connected floodplain was created by the WRIA 9 ITC in 2014 for the Lower Green
SWIF based on analyses of existing FEMA 100 year floodplain data that excluded the majority of
the right bank area within the City of Kent due to this area not really being connected in a
meaningful way for fish and the City’s efforts to bring all its levees in this area up to 100 year
flood protection. This amounts to a complete loss of 82% of floodplain area. The remaining 18%
of floodplain has very limited connectivity due a variety of factors (e.g. the White and Black
Rivers being diverted, HHD).
The timing of late winter and early spring flooding historically aligned with providing the early
migrating fry life history type with substantial slow, shallow water habitat in the floodplain
(WRIA 9 ITC 2012). Due to the loss of floodplain noted above (due to levees, HHD water
management, etc.) fry are now more much more restricted in extent of potential rearing
habitat, especially in the Lower Green.

Technical recommendations and potential implications for recovery actions:


The new information on the importance of floodplain habitats to juvenile Chinook growth
should be considered when prioritizing recovery actions.

Survival/Otolith Data:
Otoliths are ear bones in fish that look like a cross section of a tree, showing rings for each day of
growth. The bones are made up of the minerals that were available to the fish in its specific
environment. There are different levels of minerals, like strontium, in the marine and estuarine
environments that create a mark on the ear bone that allows one to determine how old juvenile
11
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salmon were when they left freshwater and began rearing in estuarine/marine waters. This also
allows one to estimate what size they were when they entered salty water as well as look for
patterns around which juvenile life history types are surviving to adulthood. This data will not allow
us to compare the survival rate of all five life history types noted above. The format of the data
lumps the five types into three groupings of juveniles: yearlings, Middle/Lower Green Parr and
direct/estuarine fry.
 Ruggerone and Volk (2004) looked at juvenile Chinook in the Duwamish toward the end of the
outmigration period. The results showed low surival of estuary reared Chinook, but these results
should be treated carefully as they evaluaterd a very small portion of a single migratory period.
 Campbell and Claiborne (2017) indicated that the Duwamish estuarine rearing fry life history
type’s contribution to the adult return in 2015 was extremely low (<1%), based on a subsample
of adult otoliths analyzed as part of the larger Puget Sound Marine Survival project. Juveniles
that were smaller than 60mm in size when they began to rear in salt water were almost
nonexistent in the adult returning Chinook. Whereas the Skagit and Nooksack’s fry contribution
was 36% and 24%, respectively. This indicates other watersheds estuarine rearing fry types are
surviving to adulthood at much higher numbers than Green River’s. WRIA 9 provided WDFW
funding to collect adult otoliths from the 2016 and 2017 spawning seasons. Draft data for the
2016 adults found very similar results with less than 3% of the returning adults originating as
estuarine rearing fry (Personal Communication Lance Campbell). Based on smolt trap data, an
average of 60% of all juveniles migrate past the trap as fry. Some of these fry likely rear in the
Lower Green and become the Lower Green parr life history type, but based on other data
(Ruggerone et al. 2006, and Nelson et al. 2012) it is known that many of the fry rear in the
Duwamish (Figure 6). If we apply the recent otolith findings to the previous research looking at
size, abundance, and timing of fry using the estuary (Nelson et al. 2012, and Ruggerone et al.
2006) we see that fry in the Duwamish prior to early April did not survive to adulthood and
many fry from early April to mid-May also did not survive to adulthood. While still tentative
with only two years of similar data, the loss of almost all the fry that reared in the Duwamish is
severely limiting fry productivity, overall population productivity, and abundance, as well as
reducing overall life history diversity.
 If the outcomes of the 2017 data collection and analyses, are similar to 2015 and 2016, the ITC
may need to reevaluate actions/recommendations made in specific subwatersheds, especially
the Duwamish shortly after this plan update has occurred.
 There has been no new information on habitat use by yearling Chinook in the Green River. They
have been found in the past in the Lower Green River floodplain within channels of the two
larger streams that are accessible (Auburn Mill Creek and Mullen Slough). Limited data on fish
use by yearlings in the Snoqualmie River have shown them to use similar small stream channels
that are located within the floodplain of the Snoqualmie River. Draft work by Lance Campbell
showed that wild yearlings made up a small portion (~5%) of the returning adults in 2015 based
on a subsample of otoliths analyzed as part of the larger Puget Sound Marine Survival project
(Personal Communication with Lance Campbell, WDFW, 2017). Interestingly, this number
appears to be much larger than the percentage of yearlings outmigrating that have been
captured by WDFW’s smolt trap. There are several possible reasons for this. Fry and parr may
migrate past the trap and choose to reside for a year in accessible habitats of the Lower Green,
thus the trapping data would not record them as yearlings. It is known that the smolt trap has
greater trapping efficiency with smaller fish than yearlings, thus there could be higher numbers
of yearlings in the Middle Green, but they are able to avoid the trap when the outmigrate. And
finally, it is possible the trap is accurately estimating the number of yearlings leaving the Middle
Green. It is known that the larger fish are (like yearlings) when they outmigrate, the higher their
12

A synthesis of changes in our knowledge of Chinook salmon productivity and habitat uses in WRIA 9 (2004 – 2016)

survival rate is to adulthood. This differential survival means that a very small number of
juveniles of this life history type could make up a much larger proportion of adults.
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Figure 6. Shows juvenile Chinook timing from sampling that occurred in 2003, combined with
highlighting to show survival to adulthood based on 2015 and 2016 otolith data. The red
highlight shows timing and size of juveniles that would not survive to adulthood and the green
highlight showing highest survival based on 2015 and 2016 data. Adapted from Nelson et al.
2012.

Technical recommendations and potential implications for recovery actions:




See Duwamish subsection below for related recommendations.
Update strategies based on new findings after more years of otolith work are completed.
Conduct research to determine where yearling Chinook are currently rearing/overwintering, so
that these areas can be identified for protection and restoration. Begin by looking in small
stream channels along the mainstem Green River.
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Combined with the floodplain subsection above, it provides more context to the value of
accessible floodplain habitats to provide habitat for fry, which do not appear to be surviving to
adulthood in large numbers.

Relevant Co-Manager Topics




As part of a recent update to the Hatchery Genetic Management Plan, the Co-managers
changed hatchery practices and began a new program to create unclipped ‘highly integrated’
hatchery juveniles. These hatchery juveniles are managed separately from the primary Soos
Creek hatchery fish and are reared and released farther upstream at the Pautzke ponds. Given
that these hatchery fish are not externally marked, it will be difficult to tell them apart from
naturally spawned fish. This is a concern because it will affect current monitoring protocols, and
affect WRIA 9’s monitoring approaches, assumptions, and recovery goals around the number of
natural origin adult returners as well as that more juvenile fish are being released and how that
higher number of hatchery fish may impact juvenile productivity.
The Research Framework noted that the historic run timing of Chinook returning to the Soos
Creek hatchery has been shifted three weeks earlier due to older (pre-1960s) hatchery practices.
Given that the Green River system has been managed as an integrated stock and that there has
been a higher proportion of hatchery fish on the spawning grounds than recommended in the
HSRG, it is assumed that the wild population’s timing was also shifted earlier. Bowerman et al.
2016 noted that spring and summer Chinook, which enter fresh water earlier than fall Chinook,
are more susceptible to energetic depletion and environmental stressors like high water
temperatures. The Green River Chinook population timing being shifted earlier likely has
negative impacts on abundance and productivity due to lower water levels and higher
temperatures, early emergence of fry before prey is available. Expected environmental and
habitat changes associated with climate change will only exacerbate those negative impacts.
NOTE: This issue may be best addressed via a recommendation for a future H-integration effort
to evaluate the broader issue.

Technical recommendations and potential implications for recovery actions:




Addressing climate change impacts on Chinook may require changing hatchery and harvest
practices, which are not within the WRIAs purview to directly affect or change. The WRIA
should work with the co-managers to lay out a process or framework where these technical and
policy issues can be discussed.
An ‘H’ integration process needs to be restarted and reinvigorated so that issues like the
number of hatchery adults spawning with wild fish and how the ‘highly integrated’ returning
adult fish effect HSRG goals related to managing integrated stocks, productivity of wild fish, as
well as monitoring and assessment efforts.
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Subwatershed Specific Issues
Upper Green River









Program Upper Green 1 (U-1) is the development of planning effort focused on a long term
comprehensive restoration and planning approach for the upper watershed. It did not occur
prior to this Salmon Plan update.
The 2015 Mt. Baker-Snoqualmie National Forest: Forest-Wide Sustainable Roads Report was
recently completed. The Mount Baker-Snoqualmie Forest includes much of the Upper Green
River basin. It lays out the USFS recommendations for which forest roads to maintain and
abandon.
Since 2001, Tacoma Water has implemented several fisheries-related habitat conservation
measures projects under its habitat conservation plan. Briefly they include:
o Construction and operation of an adult fish trap and haul facility and downstream
juvenile bypass system at the Tacoma Water Municipal Intake (RM 61)
o Replacement of impassable culverts on twenty-five streams within the Upper Green
River
o In cooperation with the USACE, installation of individual LWD and ELJs within
approximately thirteen miles of the mainstem Upper Green River and approximately six
total miles of tributary stream
o Provided approximately 70 pieces of LWD annually from the Upper Green River for
release into the Middle Green River below the Tacoma Water Headworks
As part of the Additional Water Storage Project (AWSP), baseline habitat surveys were
conducted in 2005 and 2006 by R2 Resource Consultants, Inc. (R2) (2007). The first post-AWSP
survey was conducted by Tacoma Water in 2012 and 2013 (in review). The second post-AWSP
survey is scheduled to be conducted by Tacoma Water in 2017 and 2018. While habitat surveys
done by different crews or in different years can result in habitat changes that are not ‘real’ but
an artifact of surveyor bias, it is believed the statistical differences between years noted below
are real (Personal Communication Tyler Patterson, Tacoma Water, 2017).
The post ASWP in 2012 and 2013 habitat monitoring surveys were conducted on Tacoma Waterowned portions of the mainstem river (RM 68-85) and several tributary streams, including the
Sunday Creek (RM 0-3.5), Smay Creek (RM 0-1.8), and the North Fork Green River (RM 0-2) and
compared against baseline surveys from six years prior by R2. Results indicated:
o Pool frequency (pools per channel width) and total pool area (feet2) improved
throughout the mainstem between surveys, while residual pool depth (feet) remained
about the same.
o Pool frequency increased substantially in the major tributaries of the Upper Green River
(i.e. Sunday Creek, Smay Creek and the NF Green River) between surveys. Total pool
area increased in Smay Creek and the NF Green River, but decreased slightly in Sunday
Creek. The decrease in Sunday Creek total pool area was due to a substantial decrease
in mean pool area. Like the mainstem, residual pool depths and canopy cover remained
relatively constant between surveys in these tributaries.
o Canopy cover did not change significantly between surveys, moving from a mean of 20%
in the baseline to 23% post-AWSP. The adjacent riparian areas along the mainstem and
major tributaries are within Tacoma’s “Natural” Forest Management Zone. This zone is
managed “to preserve health and vigor of the vegetative cover to reduce erosion and
provide habitat for fish and wildlife”. Substantial portions of the riparian areas within
15
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this zone are still composed of young alder and black cottonwood with mature alder and
black cottonwood interspersed. Conifers are present but are mostly subdominant in
these areas. These immature canopy areas are adjacent to channel banks and appear to
the result of channel migration over time versus any active management measures. The
six year time span between surveys is not likely long enough to see significant
improvement in canopy-related shading overall.
The frequency of Large Wood Debris (LWD) increased from 140 pieces mile to 208
pieces per mile between surveys and jam frequency increased from 4 jams per mile to 8
jams per mile. In comparison, the LWD and jam frequencies in the Middle Green River
in 2012 were 141 pieces mile and 4 jams per mile, respectively. Median bed surface
grain size (D50) decreased throughout the mainstem likely indicating increased
sediment storage capacity behind jams and sediment supply rates out pacing the
system’s ability to transport it. This is likely the result of that there has been an increase
in total LWD frequency from both engineered projects and natural bank input. Two
substantial high flow events (2006 and 2009) occurred between the baseline and first
post-AWSP surveys which likely increased natural LWD input, sediment supply (e.g. bank
erosion), and sediment storage.
The frequency of LWD also increased substantially in all three tributaries, while the
frequency of log jams increased in Sunday Creek and remained about the same in Smay
Creek and the NF Green River (Table 2). A similar trend in sediment grain size seen in the
mainstem was observed in the three major tributaries with greatly reduced D50
between surveys.

Table 2. LWD and wood jam frequency comparisons between baseline and post-AWSP surveys for major
tributaries in the Upper Green River.
Major
LWD/mile
Jams/mile
Tributaries
Baseline
Post-AWSP
Baseline
Post-AWSP
Sunday Creek
238
317
7
12
Smay Creek
491
663
22
23
NF Green River 420
547
19
18

Technical recommendations and potential implications for recovery actions:



The habitat in the Upper Green is generally of higher quality than the Middle and Lower Green
River, but it is still inaccessible to anadromous fish. Given the continuing decline of Chinook
abundance, there is a strong and urgent need to provide access to this habitat.
Development of Program U-1 should be a high priority because a more in depth planning
process would help set priorities for remaining habitat issues in the Upper Green. WRIA 9 should
seek funding to do this work over the next three years. This process should be tracked, and
depending on the outcomes, another plan amendment should be considered at that time.

Middle Green River


Fish productivity associated with existing habitat conditions within the Middle Green River is
discussed in detail in Anderson and Topping (2017); their findings, likely apply in the Lower
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Green River channel as well because that portion of the river provides the same rearing
functions as the Middle Green. Many of their findings reinforce background technical
information or assumptions in the Salmon Plan and Strategic Assessment, and provide greater
certainty that a lack of rearing habitat is the primary limiting factor. Some of their primary
findings are:
 There is limited rearing habitat capacity (off channel habitats like side channels and
backwaters) for fry in the Middle Green, and this is likely one of the main factors
contributing to the early downstream migration of fry in large numbers. There is not
enough habitat for large numbers of fry to grow into parr. Thus, the limited habitat
capacity expresses itself by limiting the number of parr that can be produced, while the
number of fry produced does not get limited. Since it is assumed that parr survive to
adulthood at much higher rates than fry, the habitat limitation reduces our ability to
meet abundance, productivity, and diversity Viable Salmonid Population goals.
 High flows (between 8,000 to 10,000 cfs*) from November through mid-January appear
to scour eggs in gravel, sharply reducing the overall productivity of the number of
juveniles per spawner.
 High flows (between 6,000 to 8,000 cfs*) during typical fry outmigration period (midJanuary through the end of March) reduced the number of parr produced, likely
because fish were flushed into habitats downstream of the trap.
 More days with spring flows (April through June) above 1,200 cfs* appears to increase
the number of parr produced. This is likely due to increased connectivity to off-channel
habitats, like side channels. A separate study (R2 2010) showed that as flows drop
below 1,200 cfs, side channel habitats become less connected to the mainstem Green.
*flow ranges are tentative and should be refined over time as more data is collected.
A combination of reports from R2 and Tacoma Water looked at habitat availability and juvenile
salmonid use in the Middle Green River over the last 15 years. The intent of the reports was to
be able to compare changes in habitat and fish use over time. However, due to agency priorities
and variations in annual weather/flow patterns, the results are not completely comparable. The
findings of each effort are synthesized here.
o The 2006 R2 report on fish use of lateral habitats showed high usage of mainstem slow
velocity habitats by juvenile Chinook between 1998 and 2002. However, the observed
use of these habitats may merely be a function of higher mean daily flow levels and
outmigration timing with more fish being flushed out of the system early. The sampling
design was not set up to evaluate habitat usage for different flow regimes, thus the
recommend that future studies be designed to incorporate different flow regimes. A
follow on study to evaluate the distribution of what habitats were available at different
flows (R2 2013) showed that 500 cfs flows produced the most slow water habitats
overall. However, most of the habitat was adjacent to unvegetated banks, was not
complex, and occurred after most juvenile Chinook have left the Middle Green River
making the amount of habitat available at 500 cfs less important. The transition point
for complex vegetated mainstem edge habitat and side channel habitats appeared to be
that as flows decreased below 1,200 cfs, wetted habitats begin to pull away from
complex vegetated banks and that the more heavily armored lower reaches of the
Middle Green had less slow velocity habitat available at all flows.
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Overall the R2 2013 report found that as flows increased more slow velocity lateral (off
channel) habitat became available, but slow velocity mainstem habitat decreased.
However, as flows decreased, more mainstem slow velocity habitats were available
while the amount of low velocity lateral habitats decreased.
o Juvenile use surveys of lateral habitat in 2011 were unable to sample sufficiently across
the four flow targets established by R2 in 2010 to find patterns of use related to flow
(Patterson et al. 2015). Most sampling occurred at relatively higher flows, with very
limited sampling in the 500 and 800 cfs range. Unlike the R2 2006 study, the 2011
juvenile salmonid use study (Patterson et al. 2015) found higher use of off channel
habitats than mainstem habitats. This higher use may be driven by the flow to habitat
relationship noted in the previous year’s habitat study, i.e., at higher flows there are
more slow velocity lateral habitats available than similar velocity mainstem habitats.
Since 2001 there has been a slow increase in pool frequency in two reaches of the Middle
Green, while the amount in the other three reaches was variable over time (R2 2012).
The amount of individual pieces of wood per mile has fluctuated, with the most recent data
(2012) showing 32.3 pieces per mile, with a high of 47.8 pieces per mile in 2009 and with a low
of 15 pieces per mile in 2001. However, while the number of jams has fluctuated between
years, there appears to have been a relatively steady increase in the number of jams per mile
(2001 0.8 jams/mile to 2012 4.2 jams/mile) (R2 2012).
Channel Dynamics Middle Green
o The extent and duration of higher flows are controlled by operations of the HHD.
Stream flow greater than 8,829 cfs (250 cms) as measured at the Auburn USGS gauge is
needed to force lateral bank migration, which in turn creates new off channel habitats
necessary for juvenile Chinook rearing (Konrad et al. 2011). For the purpose of relating
flow discharge to habitat, this report will refer to flow discharge in excess of 8,800 cfs as
“habitat forming flows”.
o Flow management at HHD prolongs the duration of moderate flows (>5,900cfs) by 39%
compared to historic conditions (Kerwin and Nelson 2000).
o Scour of redds begins between 5,000 and 8,000 cfs (R2 2014 Zone 1 nourishment gravel
stability). Thus, this report will refer to flow discharge in the range of 5,000-8,000 cfs as
“redd scouring flows” to differentiate these high flows from higher ones that can have
positive habitat benefits.
o Combining the findings above, flow management appears to be increasing the number
of days with redd scouring flows (directly reducing egg and fry survival) while at the
same time reducing the number of years that attain habitat forming flows (indirectly
leading to lower productivity through less off channel habitats created). Follow up
analyses should look at whether there has been a continued increase in the number of
days of “redd scouring flows” noted by Kerwin and Nelson (2000) and WRIA 9 ITC
(2012). Future Status and Trends reports should quantify this metric as well as number
of days of habitat forming flows (above 8,800 cfs).
MIT Draft smolt trapping data from Soos and Newaukum creeks (~2013-2016) indicate lower
survival rates in these streams than previously calculated previously by WDFW based on several
18
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years of trapping. MIT data indicate that the primary Chinook life history type leaving the creeks
is fry, with very few fish rearing to parr size/age. (Personal Communication Holly Coccoli, MIT,
2017).

Technical recommendations and potential implications for recovery actions:







As supported by the numerous studies conducted in the Middle-Green subwatershed, there is a
need to increase off channel habitat availability, especially in the Middle Green (and Lower
Green River), in order to increase the abundance of habitat that can support more fry rearing to
parr sized juveniles, which have the highest likelihood of surviving to adulthood.
Given our improved understanding and certainty that a lack of fry habitat is a primary limiting
factor in overall abundance and productivity of the Chinook population, greater emphasis
should be placed on creating more rearing habitats in the Middle Green or more specifically,
removing infrastructure (levees and revetments) that limits of creation of and access to off
channel habitat. The Middle Green has undergone several project identification efforts in the
past. The projects that are most likely to create the type of necessary rearing habitat
unfortunately overlap with both the County’s ‘Upper Green Agricultural Production District as
well as many Farmland Protection Program easements. County agricultural policies and
programs create regulatory and implementation hurdles to implementing the aforementioned
high priority restoration projects in the Middle Green. With the ongoing downward trend in
Chinook abundance and the urgent need for more fry habitat, the Forum should engage the
County to facilitate implementation of high priority salmon projects.
Evaluate the raw data from the earliest R2 study in the Middle Green against flows during the
sampling periods to try to better understand the relationships between different flows and
habitat use seen in later reports.
The WRIA should work with Tacoma Water, the ACOE, and the MIT to look at how river flows
are managed to see if there is a way to limit the amount of “redd scouring flows” that occur
between 5,000 and 8,800 cfs that likely scour redds and/or flush fry out of the Middle Green,
but aren’t high enough to cause lateral channel migration, which is necessary for high quality off
channel rearing habitat creation.
Continued funding for the smolt trap is imperative. As can be seen above, the smolt trap has
been in the river enough years that we are able to undertake analyses that show trends related
to high and low flows and Chinook productivity. Some of the relationships are still tentative and
more data will allow us to have greater confidence in the relationships that have been seen, as
well as explore more relationships over time. These data are essential to Chinook recovery.

Lower Green River


The draft Retrospective, the Reddington Monitoring Report, the draft 2014 Juvenile Salmonid
Use of Aquatic Habitats in the Lower Green River study, and the 2013-2014 MIT/R2 Lower Green
Fish Use Report all describe differential use of some habitats by juvenile salmon use in the
Lower Green River. This indicates it can function as rearing habitat when conditions are
appropriate (e.g. off channel habitat exists).
o Statistically significant higher catch per unit of effort (CPUE) of wild Chinook along banks
with LWD (R2 2014a), though this finding was not replicated by the Retrospective work
(KC 2016).
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Shallow or gradually sloped banks with modest levels of LWD had greater CPUE of
juvenile salmonids than steep banks with high amounts of complex LWD. (R2 2014a).
o Created shallow/slow water habitats at Reddington and Riverview had higher CPUE of
juvenile Chinook than nearby vegetated and unvegetated steeper banks. The
Retrospective study (2016) also showed higher Chinook CPUE with gradual banks than
with slow water.
o Most of the studies did not focus on the depth of the sample areas as much as velocity
over a range of flows.
o The data on overhanging cover and CPUE of Chinook showed a statistically significant
decline in CPUE with increasing overhanging vegetation. However, areas with
overhanging vegetation are notorious difficult to sample and generally cannot be
sampled as efficiently as areas without overhanging vegetation. The likely catch biases
from the sampling approach used were not accounted for in any of the studies.
Therefore, the results should be treated carefully.
o None of the studies attempted to directly assess whether juvenile Chinook are residing
in the Lower Green or just passing through. Some of the data indicates juveniles are
keying in on some habitats, using them in higher numbers. This preferential use implies
fish are residing. More directed mark and recapture studies would help improve our
understanding of how long juvenile Chinook reside in Lower Green Habitats.
o In March of 2017, the recently restored Leber Homestead site on Mill Creek (Auburn)
was sampled twice, once during lower flow conditions (~1,300 cfs, about mean flow
during the January –June outmigration period) and once during high flow conditions
(~7,000 cfs, about an annual flood) (Gregersen 2017). A small area near the outlet was
being used by Chinook fry during lower flow conditions. During high flow conditions
three weeks later, Chinook fry were found throughout the larger restored area.
Interestingly, the fish that were present under low flow were roughly 5mm longer than
the fish that used the site during high flow three weeks later. One explanation of this
observation is that the earlier and larger fish at the restoration site migrated
downstream volitionally and were residing in productive habitat, whereas the smaller
juveniles three weeks later were likely unvolitionally flushed out of the Middle Green
and used the Leber site as flood refuge.
Recent surveys of juvenile salmon habitat conditions in the Lower Green show that conditions
are still very degraded (R2 2014b)
Initial analyses related to sediment loads of the river for the Lower Russell Road Project indicate
that there is a large amount of coarse and fine sand moving through the confined river channel.
There is concern that this large sediment load might quickly fill in restored/created off channel
habitats as the wider channel area will likely create depositional areas. The Salmon Plan
acknowledged that off-channel creation projects in the Lower Green would not be as
sustainable as true restoration projects and that maintenance would be needed occasionally for
those projects to function as fish habitat. The current concerns are focused around how often
maintenance would be needed and if the maintenance interval is financially sustainable.

Technical recommendations and potential implications for recovery actions:


A greater understanding is needed of where fry go when they leave the Middle Green River, and
if freshwater and estuarine rearing conditions downstream are conducive to fry rearing to parr
size and surviving to adulthood.
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River bank stabilization/modification projects should strive to provide gradual slopes that
inundate over a large range of flows, with large woody cover instead of constructing projects
with steep slopes or benches that provide habitat at a very narrow range of flows.
In order to increase the number of fry that can grow into parr before entering the Duwamish,
off channel habitat availability should be increased, especially in the Middle Green and Lower
Green River.
Any major levee/bank set back project should consider how the project will be affected by
sediment movement and deposition, and how this will affect sediment conditions downstream.
Detailed monitoring is needed of existing setback projects like Riverview, Leber, and Reddington
to better understand potential maintenance intervals and risks associated with sedimentation.
Future juvenile salmonid use studies should attempt to:
o Sample different habitat types (side channels, backwaters, bars, etc.) versus different
bank types and with several methods (e.g. minnow traps, and electrofishing).
o Explore CPUE effort and depth of habitat.
o Focus on differences CPUE and overhanging vegetation to better inform project design
o Undertake a mark and recapture study to help improve our understanding of how long
juvenile Chinook reside in Lower Green Habitats.
Given the relatively low use of the broader Leber Homestead project site during lower flow
conditions, more directed fish use and water quality monitoring should be undertaken to try to
understand why more of the site is not being used by Chinook during lower flows.

Duwamish River
A significant research and planning effort, the Duwamish Blueprint, was completed in 2014 as part of
the WRIA 9 planning effort to help understand how juveniles use the estuary, and to identify restoration
opportunities. The first four bullets below are described in more detail in in the Duwamish Blueprint
(2014):







Ruggerone et al. 2006 found that the entire estuary, not just RM 4-6, was used by juvenile
Chinook, but by different life history types at different times of the rearing season. The
lowest, saltier area of the estuary was more heavily used by early fry migrants, while the
later, larger Chinook migrants (parr) had higher use of the area above RM 6. The Middle
portion of the estuary appeared to be more heavily used by the large pulse of later fry
migrants during late March, April and May.
Bigger inlets are likely better than smaller inlets for increased use of juvenile Chinook,
(Ruggerone et al. 2006, Cordell et al. 2010, and Toft and Cordell 2017)
The findings from Ruggerone et al. 2006, combined with data from other reports
(Ruggerone and 2004, Nelson et al. 2011, Oxborrow et al. 2016), and expected climate
change impacts on habitat area within the Duwamish, indicate we need bigger restoration
sites with more habitat heterogeneity (e.g. deeper water that would not drain out at low
tide and available shallow water habitat throughout the full tidal range).
Brackish waters appear to have higher growth potential based on prey availability than
more saline areas (Cordell et al. 2010).

Other recent findings not included with in the Duwamish Blueprint include:
 David et al. 2016 found that variation in abundance of different species of arthropods (prey for
juvenile Chinook salmon) in estuaries across the west coast was driven predominately by types of
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vegetation versus broad categories of land cover (e.g. developed, undeveloped, agricultural).
Arthropod abundance was highest in freshwater emergent and mixohaline wetland vegetation,
compared to scrub shrub wetlands and forested wetlands. Other physical environment factors that
are not readily modifiable by humans, like temperature and precipitation, were also found to
influence arthropod abundance. They also found that arthropod abundance in restored wetlands
rapidly achieved levels found in reference wetlands. They did find that while abundance was similar
in both newer and older restored sites, older sites had different arthropod assemblages, including
having more energy rich trichopterans than recently restored sites.
Recent sampling from Toft and Cordell 2017 found similar results to the previous sampling efforts.
Primarily, they found that the interior areas of restoration sites like Codiga and North Winds Weir
are being used at a higher rates/densities than nearby non restored habitats, though the differences
were not statistically different. Finding differences that are statistically significantly different can be
difficult with this type of sampling, especially when there is so little habitat available. Similarly, the
Herrings House restoration site continued to have relatively low use by juvenile salmonids.
Recent sampling by WDFW (O’Neill et al. 2015) and others showed that juvenile Chinook caught in
the lower part of the Duwamish River had levels of persistent organic pollutants (POPs), including
PCBs, and PAHs that may have adverse effects on fish health and growth rates, thus would be
expected to decrease overall productivity. However, based on the limited spatial sampling, it is not
clear if the POPs originated in the Duwamish or upstream in other parts of the watershed.
Work by Meador (2014) indicated that hatchery Chinook migrating through contaminated estuaries,
like the Duwamish, had a 45% lower marine survival rate than hatchery Chinook that migrated
through uncontaminated Puget Sound estuaries. He evaluated these findings against the total
amount of estuary habitat, length of freshwater habitat between each hatchery and estuary, as well
as growth rates and did not find these other factors to be explanatory of the lower survival rates
seen. He also cited work by Varanasi et al. 1993 that showed Chinook from the Soos Creek hatchery
and the Duwamish held in lab conditions for 40 days survived at a rate of 86% and 56%, respectively.
The experiment was repeated for a second year with similar results. It is important to note that this
specific evaluation looked strictly at hatchery Chinook and given their size at release they are not as
reliant on the estuary as wild Green River Chinook fry and parr would be. Thus the effects seen on
wild Chinook, that are more reliant on the estuary, would likely be more extreme.

Technical recommendations and potential implications for recovery actions:






The information from various previous Duwamish fish studies should be compared and
combined with the contaminant findings in the Water Quality white paper to see if there are
specific overlaps in timing and location that might be more problematic for certain life history
types/times of year.
An adaptive management plan or feasibility study should be completed to evaluate options to
improve the habitat use by salmonids at the Herrings House restoration site. At a minimum, it
has been suggested by Toft and Cordell 2017 that the inlet/outlet of the channel leading to the
restoration area is too narrow and should be widened and shortened to allow for greater
connectivity with the river. The site is generally dewatered during lower tides, thus it has also
been suggested it could be deepened to increase the amount of habitat available and the
duration of availability.
Results by David et al. 2016 show that restoring estuarine wetlands, especially freshwater
emergent and mixohaline wetlands, can increase arthropod prey species that juvenile Chinook
rely on fairly rapidly. This finding suggests that wetland restoration actions in the Duwamish
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could have fairly quick benefits by providing both space to rear and food and that food resource
quality will improve over time.
The combination of recent sampling showing that juvenile Chinook from the Duwamish have
levels of contamination that may negatively affect survival as well as the 2015 and 2016 data
from Chinook otoliths showing few of the returning adults being from fry that reared in the
Duwamish from Jan through April is concerning. Unfortunately, both studies covered only a
short period of time and limited area, which means the level of certainty about the broader
applicability of the results is lower than what would generally be recommended for taking a
dramatically different course of action. In the near term, more studies are recommended to
create a better spatial understanding of Chinook contamination levels in the Lower Green and
Duwamish. This data would help to better understand contaminant patterns in juvenile Chinook
in comparison to known sediment contamination. In addition, it is recommended that more
years of otolith data on survival to adulthood of different life history types be collected.
The Lower Duwamish Waterway Superfund Site (RM 0 to 5) is currently in pre-design study
phase. The next phase will include signing of responsible parties to a Consent Decree to
perform the work as well as the detailed design of the sediment cleanup; both of these together
are expected to take approximately 3-5 years. The in-water construction (e.g., dredging and
capping of contaminated sediments), which follows design phase, has been estimated to take 7
years. The construction phase of the sediment cleanup, which will be followed by a period of
natural recovery, may not be completed until after the 2028 time horizon of this Salmon Plan
update. Given the Superfund cleanup timeline, WRIA led salmon habitat restoration projects in
the Duwamish should be undertaken cautiously. It is currently not known if clean up actions will
occur from upstream to downstream, but current source control strategy by Dept. of Ecology is
planned for an upstream to downstream approach. This will likely reduce the risks of
recontaminating WRIA sponsored salmon habitat restoration projects, but not eliminate the
risks of recontamination. The areas of lower contamination, and thus less cleanup construction,
are found in the upper mile of the waterway (RM 4-5). Thus restoration projects sponsored or
funded by the WRIA in upper portion of the waterway could begin before full completion of the
sediment cleanup with relatively lower risk of being recontaminated by cleanup activities. Until
more information is available, a conservative project approach for WRIA funded capital projects
over the next ten years in the Duwamish would be to continue to implement projects from the
Duwamish Blueprint while taking the following into account:
o The WRIA should invest resources into a monitoring/research study to evaluate if
previously constructed WRIA restoration projects within the Duwamish have become
contaminated.
o For all areas of the Duwamish, emphasize acquiring and restoring the largest sites
possible in order to provide a variety of elevations and slopes within the restoration
sites to accommodate climate change and reduce the impacts of “coastal squeeze” (see
climate change paper for more details), as well as having enough space to create
habitats that retain at least a foot of water at low tide. Restoration sites should be
designed with large openings, and focused on areas with brackish waters (typically
where streams enter the Duwamish River or there is a reduced influence of the salt
wedge).
o From river mile 0 to 4.3 (just upstream of Slip 6), given the known contamination and
long timeline for intended clean up actions of the primary area of the Superfund site:
 Focus WRIA salmon recovery resources on acquiring large parcels for future
restoration projects versus actually undertaking restoration projects until issues
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associated with current contamination and potential recontamination are better
understood or addressed.
 Work with parties responsible for implementing Natural Resource Damage
Assessment (NRDA) projects to find ways to enhance or enlarge project sizes
with the intent of increasing the ecological benefits.
River mile 4.3 to 11: while it is much less contaminated than the downstream reach, it is
still known to have some sediment contamination. The section from RM 4.3 to 5.0 is still
located within the Superfund site, though remedial actions (e.g. dredging) that could
have a higher likelihood of leading to recontamination are fewer in number and smaller
in size.
 Same as conditions noted above, but if a WRIA salmon habitat project sponsor
moves forward with salmon restoration projects in this reach, it is
recommended that the WRIA work with the project sponsor to fund more
extensive feasibility analyses that evaluate the existing contamination issues as
well as the likelihood of recontamination of the salmon habitat restoration site
before fully funding the design phase of the project.

Nearshore
The bulk of the findings from the many new studies on marine nearshore habitat and fish uses issues
reinforce or put more certainty behind previous findings and/or assumptions versus providing new
information that would generally change the Salmon Plan’s nearshore programs, priorities, or projects
associated with the marine nearshore environments. Somewhat unusual, is that most of the recent
literature for Puget Sound is based on data collected along various areas of WRIA 9’s marine shoreline,
which provides greater certainty about the applicability of the findings to the WRIA. Figure 7 below
summarizes many of the findings from work over the last five to ten years (Dethier et al. 2016)
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Figure 7. Temporal and spatial scales at which different types off impacts of armoring can be detected.
Impacts in dashed boxes are hypothesized but not thoroughly demonstrated. Speed of responses
following restoration (armor removal) may follow the same temporal and spatial patterns (Modified
from Dethier et al. 2016).
The primary recent findings include:
 Armored versus not armored shorelines.
a. Importance of vegetated riparian areas near the marine shoreline for Chinook salmon
has been verified via diet analysis within Elliott Bay. The research showed Chinook
salmon rearing along developed shorelines with riparian vegetation had more terrestrial
insects in their diet than Chinook rearing along developed shorelines without riparian
vegetation had far fewer terrestrial insects in their stomachs (Toft et al. 2007).
b. Differences in predominately armored versus unarmored drift cells have shown impacts
to sediment processes (Dethier et al. 2016) that create skinnier beaches, beaches with
fewer drift logs, and beaches with fewer prey species, etc. However, there has not been
as much work to look for a direct link to Chinook salmon.
c. Rice 2006 showed that armored beaches get more sunlight (due to less riparian
vegetation being present), which in turn causes higher air temperatures, which in turn
leads to hotter substrate temperatures, which in turn leads to reduced humidity. At a
minimum, this combination of environmental changes leads to reduced forage fish egg
survival on armored beaches compared to unarmored beaches. The environmental
changes likely lead to many other similar biological responses, but they have not been
studied yet.
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d. Recent report showed that vegetated shorelines significantly contribute to the detritus
on adjacent beaches versus it all being marine derived, helping drive the detrital food
web (Dethier et al. 2016, Heerhartz). This further reinforces the importance of marine
riparian areas.
e. Toft et al. 2014 showed that the beach restoration at Seahurst Park had mixed results in
how quickly the site’s biological community re-established in density and richness
compared to a nearby restoration site. The higher beach invertebrate community most
quickly recovered to close to reference conditions, while the invertebrate community at
the mid tidal elevations was much slower to respond. It is not clear if the slower
response was caused by long term armoring impacts or by the beach nourishment
restoration action.
f. Before and after monitoring of the Olympic Sculpture Park (Toft et al. 2013) showed:
increased densities of larval fishes, increased densities of juvenile salmon, increased
observance of juvenile feeding behavior, and had different invertebrates, and higher
invertebrate taxa richness than nearby armored shorelines. All of these positive changes
in habitat condition or use occurred on a site that is highly constrained, has high public
use, and is surrounded by a highly urbanized environment.
g. Munsch et al. 2016 found smaller juvenile salmon preferentially utilized low gradient
shorelines, which were mostly unarmored, while larger juvenile salmon were associated
with armored shorelines with deeper water and higher gradient transitions.
h. Munsch et al. 2014 found that fish assemblages were different for seawall versus
created beach sites in Elliot Bay. They found that chum and pink salmon were
correlated with the beach sites at high tide while chum, pink and Chinook salmon were
correlated with beach sites at low tides. They also found similar results to past studies
that found most fish species avoided the heavily shaded areas under the piers in
downtown Seattle.
i. Munsch et al. 2015a found that for the diets of juvenile Chinook that insects were more
abundant in smaller juvenile Chinook, while crab larvae were more abundant in larger
juvenile Chinook. Chum salmon were found to preferentially consume harpacticoid
copepods which had greater taxa richness at the beach habitats, but also found that
they selected planktonic prey species predominately associated with armored shores.
j. Munsch et al. 2015b found that fish species that are strongly associated with the bed of
Puget Sound were impacted by the changes caused by shoreline armoring. They found
fewer flatfish species associated with rocked/armored shorelines, while they found
more lingcod associated with the armored shorelines. The flatfish results were similar
to the results of Toft et al. 2007, where they found the densities of flatfish were reduced
by shoreline armoring.
k. Recent Puget Sound data has shown shoreline armoring impacts bird species, reducing
the likelihood of song birds and shorebird presence, while increasing the frequency of
gulls and crows. The results are similar to findings in California (Dugan et al. 2008). This
information shows that there is a multi-species benefit to the removal of shoreline
armoring (Heerhartz 2013).
Beamer et al. 2013 looked at fry migrant Chinook use of non-natal streams along the marine
shorelines in north of WRIA 9. While they did not directly sample streams in WRIA 9, they did
find four factors that appeared to determine whether fry migrant Chinook would use non-natal
streams: distance from a Chinook bearing stream/river; watershed area greater than 45
hectares; stream gradient less than 6.5%; and absence of a culvert at the mouth of the creek.
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A 2014 Report has shown that new unpermitted armor has offset many of the restoration gains
by the WRIA as of 2014, and many repairs to armoring are not going through the permit process
(Higgins 2014).
New surveys by WDFW show that forage fish spawn close to year round within the South
Central Basin (unpublished data WDFW), combined with previous work on the importance of
marine riparian vegetation for forage fish survival point to increased importance of riparian
vegetation in WRIA 9, especially in south facing shorelines (Rice 2006).
A new population of herring was found spawning in small numbers in Elliott Bay, near the
Seattle Art Museum’s Olympic Sculpture Park in 2012. It is not clear what the parent stock is for
this new spawning aggregation, or how long they have been spawning in Elliott Bay (Stick et al
2014). Given herring are an important food source for salmon, understanding this new
population would be advantageous so it can be protected and enhanced.

Technical recommendations and potential implications for recovery actions:









Using the approach by Beamer et al. 2013, an analysis should be done of coastal streams
throughout WRIA 9 to help prioritize which streams are most likely to support non-natal use by
fry migrant Chinook so that those areas can be prioritized for future funding.
Findings by Munsch et al. 2016 point to the need to provide shallow water edge habitats in the
marine environment, especially for the younger fry migrants that are smaller and in greater
need of shallow habitats. Given the lower survival rates of the fry life history type noted in
other sections above, providing this shallow water habitat like the pocket beach at the Olympic
Sculpture Park should be a higher priority closer to the Duwamish where small salmonids first
transition to the marine environment.
Future beach nourishment projects, like Seahurst Park, should be evaluated in a similar fashion
as in Toft et al. 2014 to see if lower tidal elevations also experience slow recovery of
invertebrate populations. Designs and monitoring should be implemented in a way to help
differentiate the original impact of the shoreline armor versus the nourishment actions.
Undertake more spring and summer spawner surveys of forage fish in order to better
understand how important riparian areas are to forage fish spawning in the WRIA 9 area are,
especially for south facing beaches.
The issue of a high percentage of marine shoreline actions like bulkhead repairs and tree
clearing being unpermitted, needs to be addressed or restoration gains will continue to offset by
new impacts.
Continue to focus on restoring sediment recruitment and transport processes.
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Warm water temperatures influence salmonid survival in WRIA 9
Three areas in the Green River watershed have temperature TMDLs (completed or are still in process of
completion): Middle and Lower Green River, Soos Creek, and Newaukum Creek
The WRIA 9 Forum recently adopted a new conservation hypothesis (All-7) that focuses on improving
water temperature and reducing chemical contamination. This briefing documents the scientific basis
for that decision, discusses known human impacts to water temperature, and discusses key actions that
can improve water temperature.

Water Temperature Drivers and Cold Water Refugia
Factors influencing Stream Temperature (2, 5, 8, 10, 12, 16, 21, 35, 37, 42, 71, 75, 89, 94, 99)
 Climatic drivers (e.g., solar radiation, air temperature, precipitation, and windspeed)
o Heat gains and losses from short-wave solar radiation (sun), long-wave atmospheric radiation
(air temperature), and precipitation
o Air temperature is the dominant factor explaining long-term stream temperature trends and
inter-annual variability, except during the summer when discharge accounts for approximately
half of the inter-annual variation in stream temperatures (e.g., during a dry year with
exceptionally low flow, water is warmer)
o Green River example:
 Analyses indicate that air temperature appears to be the primary driver of water
temperature in the Green River (20,44)
 Stream morphology (e.g., dimension, pattern, profile, and bed materials) and topographic characteristics
(e.g., aspect and confinement)
o Friction created by water flowing over the bed increases water temperature and direct
conduction from the stream bed can heat but usually cools water

o

Green River examples:
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Increase in daily temperature ranges (fluctuations between min and max) from Flaming
Geyser State Park (RM 43.1) to just above Soos Creek (RM 33.4) is likely due to the
relatively shallow water depth throughout this reach (Figure 1) (44)
Figure 1: Plot of 7-DMax and 7-DMin water temperature on July 4,
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Smaller than typical increases in maximum temperatures in the Green River gorge (~RM
48-58) are likely due to topographic shading (44)
Narrowing of the daily temperature range and minimal increase in maximum
temperatures from Soos Creek (RM 33.4) to Mill Creek (RM 23.8) are likely associated
with alluvial deposits from historical connection to the White River (Figure 2) (44)
Figure 2: Map showing the location of the historical confluence of the
White River with the Green River (44)

Historical location of the White River

2

Groundwater, hyporheic, tributaries, and tides
o Infiltration and recharge throughout the watershed contribute to groundwater
o Heat gains and losses from groundwater and tributary inputs can influence minimum and
maximum temperature as well as buffer temperature fluctuations
o Hyporheic exchange affects the minimum and maximum temperature, but has little effect on
the daily average water temperature; hyporheic exchange doesn’t lower the average temp,
however, it can lower the 7-DMax as well as the range in daily temperatures
o Tidal exchange can push colder estuarine salt-water up into lower portions of rivers
o Green River examples:
 Narrower temperature ranges around the Green River Gorge (~RM 48-58) are likely due
to inputs of cold water via tributaries and springs (e.g., Palmer Springs, Icy Creek) and
groundwater (20,44)
 Narrow temperature ranges and minimal increases in maximum temperatures below
Soos Creek (RM 33.4) to Mill Creek (RM 23.8) are likely due to increased hyporheic
exchange along this portion of the river (Figure 3) (20,44)
Figure 3: Plot of 7-DMax and 7-DMin water temperature on July 4, 2015
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In the Middle Green, primary diffuse flow (flows from ungauged tributaries and
groundwater) occurs from RM 55 to RM 32 (Figure 4) (20,44)
Figure 4: Plot of 7-DMax and 7-DMin water temperature on July 4, 2015 for the Green
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Large temperature ranges at downstream locations in the Duwamish River are likely due
to fluctuations from warmer upstream water temperatures and cooler estuarine
water(44)
Riparian corridor conditions
o Riparian tree canopy buffers heat exchange between the river and solar-atmospheric radiation
(heating caused by sun and warm air)
 The effectiveness of shade provided by trees increases with the height of the trees, the
width of riparian corridor, and the density of the planted riparian areas
 Contiguous shade from wide riparian corridors (as compared to segmented or narrow
corridors) is most effective at keeping water from warming from solar radiation
o Wide riparian corridors support microclimate conditions that insulate stream temperatures from
atmospheric radiation
 Microclimate conditions from wide riparian corridors are most effective at insulating
water from warmer air temperatures
 A continuous buffer of at least 150 feet wide with trees ~104 feet tall and 90 percent
canopy density is necessary to prevent temperature increases
o The absence of insulating and buffering influences will cause streams to rapidly trend away from
groundwater temperature and toward atmospheric temperatures; where insulating and
buffering influences are strong, downstream temperature trends are reduced or eliminated
o Green River examples:
 Downstream increase in maximum water temperatures below Howard Hanson Dam is
primarily due to the lack of riparian shade (44)
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Shade deficit (difference between mature riparian shade and current conditions) exists
throughout the Middle and Lower Green River riparian corridor, below Howard Hanson
dam to the Green River George, and from below the gorge around Flaming Geyser State
Park to Tukwila (Figure 5) (20,44)
Figure 5: Plot of 7-DMax and 7-DMin water temperature on July 4, 2015 for
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Priority areas for riparian plantings along the banks of the Green River, based on steep
increases in maximum temperatures, include reaches downstream of Howard Hansen to
~RM 58 and from ~RM 48 to Newaukum Creek.
Geographic priorities for revegetation, in order of the most to least important, are:
the mainstem Middle Green River and Lower Green River; Soos and Newaukum Creeks
and their tributaries; the Duwamish River; tributaries to the Middle Green River,
Lower Green River and the Duwamish; the Upper Green River; and finally, the marine
nearshore, and nearshore drainages (98)

Cold-water refugia for salmonids (52, 72, 86, 91)
 Cold-water refugia are characterized as being at least 2°C colder than the daily maximum temperature
of adjacent waters
 Cold-water refuges provide areas that maintain temperature conditions beneficial for cold-water species
such as salmonids; these areas provide physiological and ecological benefits
 Permanent shifts in stream temperature regimes can render formerly suitable habitat unusable for
native species
 Fish may use cold-water refuges at various temporal and spatial scales
o Basin scale: cold water refugia driven by elevation, topography, geology, channel slope, and
interactions with surface and subsurface hydrology
o Segment and reach scale: cold water refugia driven by tributary confluences, bounded alluvial
valley segments (vertical hyporheic exchange), relic floodplain channels (lateral hyporheic
exchange)
5
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Channel habitat unit scale = cold water refugia driven by tributary confluences, side-channels,
vertical and lateral hyporheic exchange, diel and temporal variation
Cold water refugia can be eliminated by activities such as building levees and revetments along channels
that block hyporheic exchange; urban development that prevents water infiltration, lowers groundwater
tables, and removes trees
Potential cold water refugia in the Green River (below Howard Hansen Dam):
o Green River gorge (~RM 48-58) (topographic shading and groundwater inputs)
o Tributaries, confluences, and side-channels: Duwamish Tributary (RM 6.4), Palmer Springs (RM
56.3), Resort Springs (RM 51.3), Black Diamond Springs (RM 49.5), Icy Creek (RM 48.3), Crisp
Creek (RM 39.6), Lones Levee Channel (RM 37.5), Coho Channel (RM 36.9) (Figure 6) (44)
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Groundwater and hyporheic exchange zones: RM 55 - RM 32 in the Middle Green; areas around
alluvial deposits between Soos Creek (RM 33.4) to Mill Creek (RM 23.8) (Figure 3) (44)
o Reaches downstream of Howard Hansen where hypolimnetic withdrawals bring colder water
into the mainstem Green River
Potential cold water refugia in the Green River (above Howard Hansen Dam):
o North Fork Green (RM 65.5), Charley Creek (RM 65.9), Gale Creek (RM 67.9), Smay Creek (RM
76.3), and Sunday Creek (RM 85.9)
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Table 1: Temperature Impacts on Chinook Life Stages
Life Stage
Impaired and Detrimental Temperature Range
Adult Upstream
 Migration = average >15°C , maximums >18-20°C,
Migration
7-DMax >20°C
 Complete blockage = 21-22°C
 Disease susceptibility = average >17.5°C, 7-DMax >
15-19°C
 Instant mortality = 32-33°C
Adult Prespawning

Adult Spawning

Egg

Juvenile rearing
and outmigration

Potential Temperature-related Impacts
 Increased metabolic demand
 Delayed migration
 Increased disease exposure
 Direct lethality

Citations
1, 11, 15, 24,
25, 26, 29, 41,
51, 55, 56, 57,
58, 79, 78, 80,
84

 Disease susceptibility = average >13-14°C,
maximums >17-18°C
 Gamete development = average >13-16°C

 Increased susceptibility to disease (e.g., Ichthyophthirius
multifillis, Ceratomyxa shasta, columnaris disease)
 Increased disease virulence
 Decreased immune system condition
 Reduced gamete quality and quantity

12, 14, 23, 24,

 Gamete viability = average >13-16°C
 Spawning = average >12-13°C , 7-DMax > 12-14°C
 Mortality = 7-DMax 21-25°C, maximum 24-25°C

 Reduced fertilization success
 Reduced embryo survival to emergence

14, 22, 24, 56,

 Incubation = average >8-10°C, maximum >13-15°C

 Reduced embryo success, hatching-emergence, condition, and
survival
 Increased abnormalities and mortality
 Altered metabolic rates, metabolic energy deficits

14, 23, 31, 32,








3, 7, 14, 23,

 Growth = average >13-15°C, 7-DMax > 14-17°C,
maximum > 17-19°C
 Rearing = average >16°C, 7-DMax > 15-18°C
 Disease susceptibility = average >14-17.5°C
 Feeding = average >18-20°C
 Smoltification = average >15.5°C, 7-DMax > 15-16°C
 Migration = average >18-22°C
 Mortality = average >23°C

Reduced growth and feeding rates
Reduced competitive advantage with warm-water species
Reduced survival
Increased susceptibility to disease
Altered development and migration timing
Accelerated onset of smoltification and desmoltification

26, 55, 56, 57,
76, 78, 80

57, 75, 74

39, 56, 57, 65,
81, 95

26, 46, 54, 55,
56, 57, 81, 87,
96, 99
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Water temperature is a key aspect of water quality for salmonids, and excessively high water temperature can
act as a limiting factor for the distribution, migration, health and performance of salmonids (23, 24, 56, 57, 76)
Washington Department of Ecology established water temperature standards for salmon habitat at various
stages of their life history in Chapter 173-201A of the Washington Administrative Code (WAC)
Thresholds for sub-lethal impacts: 7-DMax (7 day average of the daily maximum temperatures)
o Salmon and Trout Spawning = 13°C 7-DMax (September 15th to July 1st)
o Core Summer Salmonid Habitat = 16°C 7-DMax (June 15th to September 15th)
o Salmonid Spawning, Rearing, Migration = 17.5°C 7-DMax (September 16th to June 14th)
Thresholds for acute lethal impacts and barriers to migration: 7-DMax and 1-DMax (1 day average of the daily
maximum temperatures)
o Salmon acute lethality = 22°C 7-DMax and 23°C 1-DMax
o Salmon barriers to migration = 22°C 1-DMax (3°C downstream differences)
Exceedances above the aforementioned thresholds indicate likely sub-lethal and lethal impacts to salmonid
If a water body is naturally warmer than or within 0.3°C of the standard/threshold for that water body, human
caused increases (considered cumulatively) must not increase that temperature by more than 0.3°C

Temperature Conditions in the Green River in 2015
(Following section based on King County 2016)
The spring and summer of 2015 was abnormally warm and dry, with low snow pack due to a very warm winter. King
County compiled water temperature data along the Green River from seven different entities in order to characterize
water temperatures. According to climate change scenarios, we expect future years to look more like the spring and
summer of 2015 than averages from the last 20 years.






Precipitation and air temperature:
o 2015 had average levels of fall and winter precipitation, but record warm temperatures led to winter
rain rather than snow at higher elevations (snow drought)
o 2015 air temperature frequently exceeded the 90th percentile (1949-2015) on several occasions from
January through July 2015 by as much as 5 oC; most notable were substantial excursions above the 90th
percentile in June and July
Instream flow:
o 2015 snowpack was low in the upper watershed; however, winter flows were not unusually low and
summer flow targets set in the Tacoma Water Habitat Conservation Plan for extremely dry weather
were met or exceeded
Water temperature:
o Water temperature in 2015 was similar to the 90th percentile (2001-2015) through late May; water
temperatures were much higher than typical from late May through the beginning of July
o 2015 peak daily maximum temperatures were observed in late June (compared to typical occurrence in
July and August)
o The relatively rapid rise in 7-DMax temperature between the outlet of Howard Hanson Dam and
Kanaskat (approximately 6 miles downstream) was likely due to a lack of riparian cover
o Relatively small increase in maximum temperature in the gorge is likely due to topographic shading and
input of cold water via tributary springs
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Increase in the diurnal range from Flaming Geyser State Park to Soos Creek is likely due to the relatively
shallow water depth through this reach coupled with the lack of riparian shade
Narrowing of the temperature range below Soos Creek to Mill Creek is likely due to increased hyporheic
exchange (potential for large alluvial deposits)

2015 Compared to 2006 and 2003
o 2006 precipitation, snowpack, and air temperature were relatively typical of historic conditions;
mainstem flows in 2006 were not unusually low
o Water temperatures observed in 2006 were closer to 2001-2015 average conditions
o The maximum 7-DMax temperatures observed downstream of the Green River gorge were consistently
higher in 2015 compared to 2006 and 2003
o System potential shade model predictions illustrate that even with extensive amounts of additional
shade along the entire river, water temperatures would still likely exceed criteria under critical flow and
weather conditions
 2015 stands out as having the highest 7-DMax temperatures below the gorge – higher even than
the “worst case” existing condition shade model

Potential Temperature-related Impacts to Chinook in the Green
(Following section based on King County 2016)






7-DMax temperatures exceeded the relevant temperature standard throughout the mainstem – upstream and
downstream of Howard Hanson Dam (exception being at the outlet of the dam up until late summer where
discharge of cool hypolimnetic bottom waters from the pool behind Howard Hanson Dam cool mainstem
temperatures)
The 7-DMax observed in July 2015 exceeded the 22 °C potential lethal criterion at almost every mainstem
location sampled from Flaming Geyser State Park below the Green River gorge to the most downstream station
in the Duwamish River
Green River Water Temperature Exceedances (Table 2)
o Consistent exceedance of 7-DMax Salmon Core Summer Habitat criterion (mid-June to mid-September);
2015 had exceedance as early as late May
o Consistent exceedance of 7-DMax Salmon Spawning Habitat criterion (mid-June to mid-September);
2015 had exceedance as early as late May
o Occasional exceedance of 7-DMax Potentially Lethal criterion
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Table 2: Department of Ecology salmon and trout designated aquatic use designation, respective 7-DMax temperature criteria, and 2015
temperature trends. Use designation and temperature criteria based on Table 200 and 602 of WAC 173-201A-602.
Location Along Green River
Use Designation
7-DMax (°C) 2015 Temperature Trends
Mouth to Black River (RM 0-11) Salmon/trout migration
and rearing
17.5
 Migration
 7-DMax temperatures consistently exceeded the salmon/trout
17.5
 Rearing
rearing and migration criterion until about September 2, 2015
Black River to Mill Creek (RM
Salmon/trout migration,
 7-DMax temperatures consistently exceeded the salmon/trout
11-23.8)
spawning, and rearing
22oC lethal criterion for several days at the end of June and early
17.5
 Migration
July and the most downstream stations exceeded lethal criterion
17.5
 Rearing
in July and again at the beginning of August
13
 Spawning
13
 Incubation
Mill Creek to Flaming Geyser
State Park (RM 23.8-42.3)

Flaming Geyser State Park to
headwaters (RM 42.3-85.9)

Green River and Sunday Creek:
all waters above confluence
Smay Creek and West Fork
Smay Creek: all waters

Salmon/trout core
summer habitat
 Migration
 Rearing
 Spawning
 Incubation

16
16
13
13

Salmon/trout core
summer habitat
 Migration
 Rearing
 Spawning
 Incubation

16
16
13
13

Char
 Rearing
 Spawning
 Incubation

12
9
9

 7-DMax temperatures consistently exceeded the salmon/trout
core summer habitat criterion
 7-DMax temperatures exceeded the salmon/trout spawning and
incubation criterion through July 1st and again at the end of the
summer
 7-DMax temperatures from RM 34.8-41.2 (below gorge)
exceeded the salmon/trout 22oC lethal criterion for several days
at the end of June and beginning of July; no observed
exceedances from RM 23.8-33.4
 7-DMax temperatures consistently exceeded the salmon/trout
core summer habitat criterion
 7-DMax temperatures exceeded the salmon/trout spawning and
incubation criterion at the beginning and end of the summer
 7-DMax temperatures exceed the salmon/trout 22oC lethal
criterion for a few days at RM 70.2
 7-DMax temperatures consistently exceeded the char spawning
and rearing habitat criterion
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Green River Chinook life stages likely impacted by high water temperatures (Figure 7 & Table 3)
o Parr rearing (core summer criterion)
o Yearling rearing (core summer criterion)
o Adult upstream migration (migration/spawning/incubation criterion)
o Early spawning and incubation (spawning/incubation criterion)

Figure 7 (adapted from King County 2016): Plot of 7-DMax water temperatures for the 2015 and 2016 calendar years measured by King County at the Whitney Bridge
station (GRT10) compared to 7-DMax temperatures measured from 2001-2014. State standards for designated uses are noted by the orange line and potentially
lethal impacts are indicated by the red line. State standards for designated uses include core summer salmonid habitats (July 1 – September 15) as well as spawning
and incubation periods (September 16 – July 1). Timing of specific Green River Fall Chinook life-stages included below.
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Table 3: Locations across the Green River of potential temperature-related impacts on Fall Chinook life stages.
Life Stage
Potential Temperature-related Impacts
Location in Green River
Adult Upstream Migration
 Increased metabolic demand
 Migration Inhibited: RM 0 – RM 46
 Delayed migration
 Blockages: RM 0 – RM 44
 Increased disease exposure
 Disease: RM 0 – RM 48
 Direct lethality
 Lethality: RM 0 – 23.8, 34.8-41.2, 70.2
Adult Pre-spawning

 Increased susceptibility to disease (e.g.,
Ichthyophthirius multifillis, Ceratomyxa shasta,
columnaris disease)
 Increased disease virulence
 Decreased immune system condition
 Reduced gamete quality and quantity






Adult Spawning

 Reduced fertilization success
 Reduced embryo survival to emergence

 Mainstem spawning: Middle Green RM 25.4 –
RM 60.8
 Tributaries: Soos Creek, Newaukum Creek

Egg

 Reduced embryo success, hatching-emergence,
condition, and survival
 Increased abnormalities and mortality
 Altered metabolic rates, metabolic energy deficits

 Mainstem spawning: Middle Green RM 25.4 –
RM 60.8
 Tributaries: Soos Creek, Newaukum Creek

Juvenile rearing and
outmigration

 Reduced growth and feeding rates
 Reduced competitive advantage with warm-water
species
 Reduced survival
 Increased susceptibility to disease
 Altered development and migration timing
 Accelerated onset of smoltification and
desmoltification

Migration Inhibited: RM 0 – RM 46
Blockages: RM 0 – RM 44
Disease: RM 0 – RM 48
Lethality: RM 0 – 23.8, 34.8-41.2, 70.2
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Potential Climate Change Impacts and Trends to Water Temperature Conditions



Climate Change impacts: higher air and water temperatures, lower summer flows, altered precipitation and
hydrologic regimes, and increased magnitude/frequency of winter peak flows (4, 22, 37, 52, 53)
Summer periods of high temperatures and low flows
o Summer flows have been trending lower for many decades resulting in decreased available habitats (48,
50, 77, 88)

o
o



Most models predict summer warming will exceed warming in other seasons (52, 53, 64)
At a summertime warming range of 2-5.5°C, there is potential for loss of 5 to 22% of salmon habitat by
2090 (69)
o Significant increases in water temperatures and thermal stress for salmon statewide will occur with
climate warming (52, 53)
o Nearly 40-50% reduction in salmon cold-water habitat could occur with climate warming (19); Disrupting
migration as fish hold in cold-water refuges (27, 41, 90)
o Competitive interactions will be increasingly skewed towards species with warmer temperature
tolerances (17,59)
o Yearling likely sensitive due to increased exposure to the highest water temperature conditions in
summer (4)
Changes in precipitation and hydrologic regimes
o Changes in precipitation and temperature associated with regional warming in the PNW will alter
snowpack and hydrologic regimes (22, 30, 49, 82)
o Green River Watershed: significant reduction in snow water equivalence predicted to start in the
2020’s; increased winter precipitation and decreased summer precipitation; higher runoff in cool season
and lower runoff in warm season; altered timing of flows (22)
o Shifting of watershed hydrographs from transient rain-snow and snow-dominant to rain-dominant (22)
o Increased flood magnitude and frequency during incubation can decrease survival rates by scouring
redds, crushing eggs, mobilizing gravels, and depositing fine sediments on redds (18, 7, 36, 61, 79)
o Warmer cold season temperatures and warmer annual minima may shift biological processes (e.g.
altered growth rates and food availability) ; warming trends will reduce the time between spawning and
juvenile hatching (37); snowmelt driven freshets have advanced 2-3 weeks in last 50 years (73, 88)
o Possible desynchronization of juvenile hatching and emergence from optimal periods for flows and food
availability (6)
o Reduced availability of slow-water habitats, which can flush rearing juveniles downstream from
preferred habitats and decrease freshwater survival rates (47)
o Accelerated temperature regime during springtime can result in either earlier emigration (caused by
more rapid development to the smolt stage) or less success in smoltification (caused by high
temperature, desmoltification, or inhibitory effects) (56)

Human alteration to river thermal regimes:
o

Dams: reduced thermal and flow variability, potential for hyporheic exchange to act as a temperature
buffer is reduced by flow regulation, altered sediment dynamics, alter thermal dynamics from storage
reservoirs (68, 70, 72, 93)
 Howard Hanson Dam has a large, deep reservoir with hypolimnetic withdrawals releasing colder
water during the summer and warmer water during late summer, fall, and winter
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o
o

o

o

o

Water withdrawals: reduced in-stream flows result in reduced assimilative capacity of streams, draw
hyporheic water away from the stream (33, 60, 66, 72)
Channel engineering and connectivity (e.g., straightening, bank hardening, diking, and disconnection of
surface-groundwater, side-channel, and floodplain exchange): decreases the interaction of stream
channels with floodplain and alluvial aquifer, hyporheic areas, and reduces habitat variability (drive
streambed hyporheic flow) (40, 72, 97)
 Primarily Lower Green (King County maintains over 30 miles of levees and revetments on the
Green/Duwamish); lower sections of the Middle Green.
Removal of vegetation (upland or riparian): reduced insulating properties (reduces convective heat
exchange), limited blocking of solar radiation and trapping of cool air temperature, altered infiltration
and hydrologic dynamics (35, 56, 6, 98)
 High priority areas with degraded riparian conditions include the Middle Green (RM 32 – 64),
Lower Green (RM 11 – 32), Soos and Newaukum, Duwamish River (RM 0 – 11), small tributaries
to Middle and Lower Green (e.g., Burns, Crisp, Mill, Mullen, Springbrook, Brooks creeks), etc.
Land use (e.g., impervious related development): altered hydrologic regime, decreased infiltration and
recharge, altered exchange between reach and alluvial aquifer, reduced storage/higher winter flows and
reduced summer recharge (10, 12, 67, 83)
Climate Change: increased air and water temperature, reduced snow storage (influencing summer low
flows), altered precipitation and flow regime (frequency and timing of events), reduced rearing and
suitable habitats availability, altered temperature-specific ecological timing across salmon life stages (4,
19, 22, 37, 48, 52, 53, 63)
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Strategies for Cooler Water Temperatures












Protect riparian forested areas as buffers to air and solar radiation warming water.
Plant wide, contiguous riparian buffers of tall trees where possible. Priority areas include the six miles
immediately downstream of Howard Hanson Dam, etc. (from above), and priorities listed in the WRIA 9 Riparian
Revegetation Strategy.
Purchase conservation easements or fee simple acquisition of riparian areas in order to protect and maintain
native trees along channels.
Protect existing cold water refugia from urban development, tree removal, and bank armoring.
Protect and restore areas known to contribute to groundwater recharge.
Restore areas of hyporheic exchange to cool water by setting back levees and taking other actions to reconnect
channels to the historic floodplain.
Work with the ACOE to consider options for pulling cooler water from the reservoir behind Howard Hanson
Dam, especially in late summer.
Reduce water withdrawals from the watershed, and encourage use of reclaimed water instead.
Encourage low impact development practices that reduce impervious surfaces, and lot sizes, maintain forested
areas and wildlife corridors, and promote stormwater infiltration and treatment.
Retrofit developed areas to infiltrate and treat stormwater and plant trees to promote groundwater recharge,
bolster summer stream flows, and cool stormwater runoff.
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Introduction
In the twelve years since the adoption of the 2005 Green/Duwamish and Central Puget Sound Watershed Salmon
Habitat Plan (Plan), there have been many successes and challenges for the salmon recovery effort in our local
watershed, and the greater Puget Sound. With each recovery project planned and implemented, we understand
more about the complexity of this undertaking. One of the most pressing environmental concerns affecting the
long-term success of salmon recovery in the Green/Duwamish Watershed is the impacts of climate change.
Climate change science was not incorporated into the 2005 Plan, because future climate scenarios were unclear.
However, climate change has been the focus of intense research, both global and regional, over the last decades.
The research from the Puget Sound region, especially from the University of Washington’s Climate Impact Group
(CIG), has been informative. The clear message from this research is that we must prepare for the current and
future impacts of climate change and incorporate what we know about climate change into salmon recovery
actions.
Climate change will directly impact salmon recovery work done in the Green/Duwamish and Central Puget Sound
watershed. CIG and others predict that Pacific Northwest precipitation patterns will change, bringing warmer,
wetter falls, winters, and springs. Floods will be more intense and more frequent. As winters become warmer and
wetter, snow will melt from the mountains earlier and more quickly. The decrease in amount and earlier
disappearance of the snow pack will exacerbate drought-like summer low flow conditions in currently snowdominated areas of the watershed. Hotter air temperatures will increase water temperature in both rivers and
the ocean. Nearshore and estuary areas will be impacted by sea level rise, food web alteration and ocean
acidification. A changing climate will exacerbate typical climate variability causing environmental conditions that
will negatively impact our salmonids and their habitat. This was observed in summer of 2015 when a warm, wet
winter with extreme low snow pack levels, coupled with a dry, hot summer, created dire conditions for salmon
(DeGasperi 2017). The Muckleshoot Indian Tribe reported adult Chinook salmon dying in the stream just below
the Soos Creek hatchery (H. Coccoli, pers. comm.), and Washington Department of Fish and Wildlife data
indicated higher than typical numbers of female Chinook with high egg retention (pre-spawn mortality) (Draft
WDFW data 2017) . The true impact of 2015 will not be understood for several years. We do know that impacts
from climate change are occurring, will continue and get worse, and will affect all life stages of Pacific salmon
(Mauger et al. 2015).
While we know the climate is changing, the magnitude and precise timing of those changes are less certain. This
issue briefing is for planners, citizens, policy makers and restoration practitioners involved in salmon recovery to
understand the expected impacts and help prioritize restoration and protection actions that will help mitigate the
effects of climate change. For this paper, we rely on the science in the CIG State of Knowledge report, which
predicts climate change impacts into mid-century. This document is intended to highlight the best available
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science about climate change and the ways salmon and their habitat will be impacted in the Green/Duwamish and
Central Puget Sound watershed. The key actions from this report are recommendations for restoration priorities
that build resilience for salmon as well as the larger ecosystem, rather than a list of specific prioritized habitat
restoration projects. References to the relevant literature are included; readers may refer to those for more
information on topics of interest.

Climate variability, expected changes, and impacts to salmon
The Puget Sound’s diverse landscape and climate have driven adaptation and biodiversity in our local flora and
fauna. The Pacific Northwest climate naturally varies seasonally as well as year to year between cool and hot, wet
and dry. We are familiar with the natural variability in our atmospheric weather and oceanic patterns, but ocean
conditions also vary on inter-annual and decadal scales. Year to year variability is generally associated with the
familiar El Niño Southern Oscillation (ENSO) which affects ocean temperatures as well as global precipitation and
temperature. Longer term decadal patterns are often described by the Pacific Decadal Oscillation (PDO; see
section 6 for more information), a pattern defined by variations in sea surface temperatures in the North Pacific
(NWFSC, NOAA https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/ca-pdo.cfm).
The Puget Sound region is already experiencing some of the ways climate change will exacerbate and prolong
naturally occurring stressful environmental conditions. The rate of current greenhouse gas emissions will make
these extreme conditions more common in coming decades. We have already seen higher than normal air
temperatures; by mid-century, annual average air temperatures are projected to rise between 2.3 and 3.3
degrees Celsius (C) (4.2 – 5.9 degrees Fahrenheit), exacerbating surface water warming. Models used to inform
the Climate Impact Group’s State of the Knowledge Report show a decline in summer precipitation and increases
in precipitation during fall, winter and spring. The region’s snowpack is expected to decrease with warmer, wetter
winters. The decline in snow pack has been observed through the National Resource Conservation Service (NRCS)
snow telemetry monitoring (SNOTEL). In 2015, the water derived from snow melt was recorded well below the 30
year median from December to July. However, the data from NRCS show that overall precipitation in the
Green/Duwamish watershed was average in 2015, indicating that in this year precipitation shifted from snow to
rain (www.wcc.nrcs.usda.gov/snow/) (Figure 1). The data from NRCS and other sources show that typical snowdominated elevations are shifting to more rain and less snow, and that headwater areas typically dominated by
rain-on-snow events will become rain-dominated. This suggests that our region will experience more precipitation
as rain, less snow, more frequent and severe rain-driven flooding events, and more very low summer flows
(Mauger et al. 2015).
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Figure 1. Plot of cumulative snow water equivalent and precipitation for 2015 water year at the Stamped Pass SNOTEL site compared to
historic data (from King County 2017

Climate change will challenge the survival of salmon in our watershed. Pacific Northwest salmon populations have
declined dramatically over the last several decades, and climate change impacts are expected to further degrade
salmon numbers in the years ahead, affecting salmon life histories, feeding, migration, growth, and health. Thus it
is urgent that we implement projects and policies that restore and protect areas to improve our basin’s hydrologic
patterns and habitat functions that support salmon in their various life stages. Salmon recovery advocates in the
basin must implement restoration and protection actions that remain successful under a changing climate.
Climate effects should influence the way WRIA 9 partners approach recovery now and in the future.
Projected climate changes and their impacts to salmon are summarized in Figure 2, which shows the anticipated
timing of climate impacts seasonally and their effects on the associated salmonid life stages in fresh water and
estuarine areas. Table 1 shows each climate impact’s effects on salmon - as well as the primary areas of the basin
where each effect will be felt. Together, the table and figure can be used to understand, in brief, how and where
projected climate impacts will affect salmon in the Green/Duwamish and Central Puget Sound watershed.
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Figure 2. Salmonid life stages and impacts of climate change (adapted from Beechie et al., 2012.)
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Table 1. Anticipated climate effects, impacts to salmon and critical geographic areas of occurrence.

Climate impact
Hydrology

Salmon impact
Shifting timing of life cycle transitions;
scouring/smothering redds; stranding
redds and juveniles; loss of thermal
and flood refugia; less complex habitat;
migration barriers due to extreme low
and/or high flows

Temperature

Can be lethal above 22 degrees C; sublethal effects above 17 C include
developmental abnormalities, altered
growth rates, non-fertilization of eggs;
altered food web; altered migration
timing; altered predator/prey
relationship; reduced disease
resistance
Increased peak flows and reduced
summer base flows causing channel
scour and incision, channel and habitat
degradation for fish as well as benthic
invertebrates, resulting in an altered
food web, and compounding other
hydrologic effects. Increased erosion
could cause an increase in mobilized
fine sediments, which in addition to
degrading habitat for salmon by filling
in gravels and smothering redds, may
carry toxic contaminants. Increased
water pollution may cause chemical
contamination of juvenile salmon and
their prey, food web alteration and
pre-spawn mortality.
Lethal conditions, smothering of
interstitial spaces in redds and choking
of gills; interference with migration
cues; decreased resistance to disease;
altered /decreased habitat
Shifting habitat range; loss of estuarine
habitat; altered food web; could create
passive gains in habitat depending on

Stormwater runoff

Sedimentation

Sea level rise

Primary geographic area
Upper Green, tributaries and nearshore
drainages, especially where it is currently snowdominated in winter will have the greatest
impacts – Soos, Newaukum, Mill, Mullen creeks
(and other lower elevation tributaries) will be
impacted primarily by increased winter rain
intensities and lower flows as they are not
directly affected by mainstem flow management
or snow. Impacts to the Middle and upper
Lower Green spawning reaches may be
somewhat mitigated by water management at
the HHD.
Temperature will be a concern for the whole
watershed. However, the mainstem is generally
warmer than the tributaries and will likely to
remain so into the future.

Existing developed areas generally do not meet
today’s stormwater control standards; runoff
generally is directed quickly via pipes to streams
and Puget Sound without treatment. Hydrologic
effects are primarily to tributary streams and
direct drainages to Puget Sound. Infiltration
reduces pollutant concentrations and slows the
flows into streams, reducing potentially harmful
peak flows. Frequent, intense peak flows could
result from a combination of increased urban
density and more intense winter storms. Some
toxic pollutants may increase due to increased
storm runoff in combination with increases in
population, particularly those that are detected
year-round.
Upper Green, Middle Green

The Puget Sound nearshore and the Duwamish
River. Lower lying areas and armored shorelines
in the Central Puget Sound watershed nearshore
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nearby infrastructure constraints,
elevation, and vegetation gradients
Ocean acidification and
increased temperature

Altered food webs; decreased food
availability; decreased ocean survival;
diminished dissolved oxygen affecting
metabolism; altered migration pattern

(West Point to Federal Way and Vashon-Maury
Island) and Duwamish estuary are most at risk
to habitat shifts/loss
Puget Sound, Salish Sea, and Pacific Ocean

Hydrology
Climate Impacts on Winter Hydrology
Stream flows in winter will be affected in the following ways:







More winter precipitation will fall as rain and less as snow.
Upper areas of the watershed will have less snowpack, which will change the runoff pattern dramatically.
Instead of having moderate runoff events in winter and again in spring, there will be much more runoff in
winter and much less in spring (Figure 4 and 4). This will affect water temperatures as well, especially in
spring and early summer.
More intense rainstorms in winter will cause higher winter peak flows.
Winter peak flows are expected to increase by 28%-34% by the 2080s (Mauger et al. 2015).
Average annual rainfall is projected to increase slightly (but the increase will be small relative to natural
variability) (Mauger et al. 2015).

Nearshore and
lowland
tributaries

Green River and
upper elevation
tributaries

Figure 3. Streamflow is projected to increase in winter and decrease in spring and summer in all WRIA 9 drainages, with the biggest
changes occurring in “mixed rain and snow” basins. Results are shown for a typical warm, lowland basin (left), and a typical upper
elevation basin with substantial area near the current snow line. Adapted from Hamlet et al. (2013)
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Figure 4. Less snow and more rain in winter is projected to cause higher peak stream flows in winter and less stream flow in spring. This
pattern becomes more pronounced over time. Source: University of Washington Climate Impacts Group, PS State of Knowledge Report
(Mauger et al. 2015)..

Climate Impacts on Summer Hydrology
Summer stream flows are expected to change in the future as follows:
 Diminishing snowpack will lead to lower river flows earlier in the year and extending through summer.
 Decline in summer rain (22% less summer rain likely by 2050’s (Mauger et al. 2015)).
 Less summer rain will extend the duration of low flow impacts such as warmer stream temperatures,
streams disconnected from floodplains and lakes, changes from year-round to seasonal flow over more
area, and less available habitat.
 Lower water during summer will result in less complex habitat for fish because the channel edge will no
longer be next to edge vegetation, which fish use as cover.

Salmon Impacts



The change in hydrologic patterns from climate change will likely have both episodic and catastrophic
impacts to the survival rate of salmonid populations.
Hydrologic disruption will alter the timing and magnitude of high and low stream flows and the
corresponding temperatures.
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Winter Impacts on Salmon









More frequent winter floods will increase the risk of redd scouring and flushing early hatched fry down
into lower river and salt water habitats, reducing incubating egg and fry survival rates respectively. This
impact will occur throughout spawning reaches, but especially in spawning reaches with levees that focus
flood energy and limit floodplain connectivity. These risks can be reduced or increased on the mainstem
by flow management choices made at the Howard Hanson Dam. Risks can be reduced by capturing flood
waters above the dam. Risks can be increased, especially when flows are kept artificially high (above scour
velocities) for longer periods than natural to reduce water levels in the reservoir to make room for
incoming storms. CIG is undertaking further analysis of climate change impacts on the Green River that
takes into account the effects of the Howard Hanson Dam. This section should be revisited after that
analysis is completed.
In tributaries, increased winter flows can bring increased sediment loads that smother redds, and reduce
a juvenile salmon’s ability breath, reducing survival. In the mainstem Green River below Howard Hanson
Dam, sedimentation rates are expected to be low because a large amount of the coarse sediment is
captured above the dam in the reservoir.
High winter flows will decrease slower water habitat available for juvenile fish in some areas. In others, it
will increase juvenile salmon access to off-channel, floodplain habitats for rearing. High flows may also
cause benefits by causing channel migration, which could create new slow water habitats. In such cases,
stranding of juveniles could occur.
Lack of slower water habitat increases the risk of flushing juveniles rearing in the freshwater out to
estuary or ocean too soon.
Higher peak flows are expected to increase bank erosion, creating wider bank full widths for local area
streams, especially in snow dominated areas. This will exacerbate existing undersized culverts (Wilhere et
al. 2016).

Summer Impacts on Salmon







Reduced water levels early and higher water temperatures could disrupt or modify juvenile chinook
migration, and salmon and steelhead adult migration and spawning.
Less water will limit the amount of spawning habitat available.
Declining snowpack will reduce duration and volume of spring snow melt.
Decreased spring and summer flows and warmer water will be the result of dry summers and high air
temperatures, as we saw in summer 2015 (Figure 5) (DeGasperi 2017).
Earlier low flows can disconnect stream habitats and strand juvenile fish and prevent access to spawning
areas.
The concentration of fish in a few areas due to low flows, can increase the spread of disease, food
competition and predation.
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Green River Mainstem Longitudinal Profile
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Figure 5. Stream temperatures measured along the length of the Green River from above the Howard Hanson Dam reservoir to
Tukwila at River Mile 7.9 on July 4, 2015. Temperatures are well above state temperature standards for the 7-day average daily
maximum, and reached lethal levels in all subwatersheds. From (DeGasperi 2017).

Local context
The majority of the basin will feel the effects of higher winter flows due to either reductions in snow fall or
increases in rain intensity. Increases in the length of time of summer low flows will likely affect portions of the
upper Green subwatershed most, as well as the mainstem Green River below the dam. The effects on the
mainstem below the dam may be mitigated to a limited extent by water management of the reservoir.
Reaches that are leveed, even partially, and disconnected from their floodplains will exhibit the largest impacts in
frequency and intensity of winter flows. The Lower Green has a high proportion of leveed banks, and the Middle
Green River has discontinuous levees. In the Lower Green the floodplain has been largely disconnected, with only
about 20% of its historic floodplain area still accessible during a 100-year flood event (Figure 6). Even the less
frequently leveed spawning reaches in the Middle Green River will be less hospitable to salmon with these
hydrologic changes.
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Figure 6. Length of banks with levees and revetments managed by King County Flood Control District in each subwatershed area along
the main stem Green and Duwamish Rivers, and the amount forested and unforested. Data from King County GIS (does not include all
flood facilities).

Lower summer flows will affect most streams and rivers. These conditions will reduce the amount of habitat area
available, allow for quicker increases in water temperature, and the loss of the late spring/early summer increase
in flows from snow melt may cause younger fish to leave the system earlier due to warm water and less habitat
area, resulting in lower overall productivity. Small tributaries in the Green River valley, Duwamish tributaries, and
nearshore drainages will likely go dry or become disconnected from the mainstem or Puget Sound more
frequently.

Technical Recommendations
●

●
●

●

To address low summer flows, groundwater, and low volume storm events, implement low impact
development practices and green stormwater infrastructure, including runoff dispersion and infiltration,
where soil conditions allow and where it will not increase risks of landslides or flooding downslope.
Increasing infiltration can replenish groundwater and maintain stream flows during warm, dry weather.
Install and/or retrofit stormwater management infrastructure to address the increased runoff volume
from current and future development and projected climate change.
Research and implement innovative restoration practices (e.g., beaver introduction, wetland restoration,
stormwater management programs, policies and technologies) where appropriate to dampen the effects
of shifting hydrology. Work toward resilience by encouraging natural processes that may moderate
expected shifts.
Identify how habitat boundaries, such as floodplains, are changing. Protect shorelines at risk of being
armored as climate change advances. Protect habitat outside current habitat boundaries. Secure land
that will be inundated by increased flooding and sea level rise.
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●

●

●
●
●
●
●

●
●

Headwaters are critical to providing cool, plentiful water. Monitor land use closely to minimize impacts to
hydrology. In particular, where headwater streams are disconnected from their floodplains, work on
reconnection to restore processes of water storage.
Restore floodplain areas that provide flood storage and slow water during frequent, “ordinary” flood
events (e.g., those that occur every one to five years) by reconnecting the floodplain (e.g.,
removing/setting back levees). This will be important above and adjacent to spawning grounds to counter
the increased risk of higher flows scouring spawning areas.
Remove and fix barriers like culverts and floodgates to ensure access to tributaries.
Culverts have a life span of 50 to 100 years. Design new and replaced culverts to accommodate expected
flows in 50 to 100 years so new fish passage barriers are not created.
Work with water supply and dam operators like the U.S. Army Corps of Engineers and Tacoma Public
Utilities to use reservoirs to ameliorate hydrologic impacts, especially during low flow periods.
Undertake an evaluation of water rights in the basin. Consider creating a follow up program to acquire
water rights to rededicate back to the river, and support efforts to retain sufficient flows for fish.
Support expanding outreach programs that reduce water usage in order to have more water available for
streams and rivers (e.g. basic education, incentives for residences to upgrade to low flow devices, improve
efficiency of irrigation systems).
Consider placing more importance on increasing amount of a large wood in rivers in streams to improve
hyporheic exchange that could moderate maximum temperatures.
Studies have shown that young tree stands (<100 years) can decrease summer base flows by almost half.
Work with forestry managers and researchers to investigate longer stand rotations and selective logging
to improve basin hydrology (Perry and Jones 2016).

Temperature
Climate Impacts







Water temperatures will be affected by the air temperature anticipated increase by 4 to 5 degrees F by
2080 (Figure 7) (Mauger et al. 2015, Mauger 2016),
Increased air temperatures keep streams from cooling down as they used to over evenings or seasons.
Over the last century, the frost-free season has lengthened by 30 days, with nighttime temperatures
increasing by 1.1 degrees C (Mauger et al. 2015).
Globally, fifteen of the last sixteen years have been the warmest years on record (NOAA 2016) (Mauger et
al. 2015)
Warmer temperatures will accelerate snow melt in the summers and decrease snow accumulation in the
winters. Streams will not have a source of cool water in spring in the upper portions of the watershed.
During low flow periods, groundwater will likely have a greater influence on streams as a water source
and temperature regulator (King County, 2016, unpublished raw data).
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Figure 7. Projections of how changes in air temperature produced by climate models will affect stream temperatures in the Green River
Basin (Mauger 2016, based on NoRWeST data).

Salmon Impacts




Warm water temperatures in fresh, estuarine, and marine waters can cause lethality and many sub-lethal
effects that can reduce productivity for many life history stages of salmon
Water temperatures above 23 degrees Celsius can kill salmonids within a few seconds to hours (Ecology,
2000).
Warm water impacts on adult salmon:
o Adult salmon avoid swimming through water warmer than 16 degrees Celsius, which can disrupt
their migration for spawning.
o Water at 21-22 degrees Celsius can block migration, resulting in pre-spawn mortality.
o When salmonids hold and migrate in higher temperature water, there is an increase in sub-lethal
effects such as egg abnormalities (e.g., odd number of eyes) or outright mortality (Richter and
Kolmes 2005).
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Sub-lethal effects of warmer stream temperatures can lead to lower growth, reduced fitness and survival
of juvenile salmonids as follows:
o Warm water decreases the supply of oxygen available to fish, disrupts metabolism, and increases
susceptibility to toxins (Crozier 2015).
o Dissolved oxygen decreases in warm water, creating “dead zones.” Even if fish can leave these
zones, some important food sources cannot move and will die, decreasing salmon food supply. If
the fish cannot escape the “dead zones,” they too can die.
o Warmer temperatures can reduce preferred insects and their availability, causing weight loss.
o Slight increases in water temperatures increase juvenile metabolism rates, sometimes causing
them to stop feeding even if food is available.
o Warmer temperatures increase susceptibility to sediment toxicity (Servizi and Martens 1991).
o Warmer temperatures early in the year can disrupt the smoltification process and change how
and when juveniles outmigrate from the system.
By 2080 it is expected that in the Green River the number of river miles exceeding salmonid thermal
tolerances (>18°C) will increase by 70 miles (Figure 7).

Local Context
Increased water temperatures are already a problem in many areas of the watershed, and are expected to
worsen.









In extreme low-flow, hot summers, tributaries including Crisp Creek (RM 39.6), Icy Creek (RM 48.3),
Palmer Springs (RM 56.3), Resort Springs (RM 51.3), Black Diamond Springs (RM 49.5), Lones Levee
Channel (RM 37.5), Coho Channel (RM 36.9), and the Duwamish tributary at RM 6.4appear to maintain
cooler temperatures, but some can still exceed state 7 day average temperature standards (DeGasperi
2017).
Many major tributaries to the Green River, while cooler than the Green River, regularly exceed state
water temperature standards, including Soos, Newaukum and Mill Creeks, largely due to lack of riparian
buffers (DeGasperi 2017).
Cold water refugia not associated with tributaries or side channels include the Green River Gorge due to
topographic shading, groundwater and hyporheic exchange zones from RM 55-32 in the Middle Green,
and areas around alluvial deposits between Soos Creek (RM 33.4 and Mill Creek (RM 23.8).
Above Howard Hanson Dam, cold water refugia may include the North Fork Green, Charley Creek, Gale
Creek, Smay Creek and Sunday Creek (DeGasperi 2017).
The reservoir above Howard Hanson Dam becomes thermally stratified during the summer, with cooler,
dense water at the bottom and warmer water near the surface. Water is released from approximately 40
feet above the bottom of the reservoir, and therefore, the Green River immediately downstream of the
spillway is cooler during the summer and warmer in late summer and fall than it was at the same point
prior to dam construction (DeGasperi 2017).

Technical Recommendations
●

Identify, protect and enhance processes and habitats that provide cool water. Protect cool headwater
streams and other cold water refugia (at least 2 degrees Celsius colder than the daily maximum
temperature of adjacent waters). Locate groundwater sources and seeps and protect natural processes
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●

●
●
●
●

●
●
●

●

●

that create critical habitats like wetlands, tidal flats, marshes and estuaries; this will help ensure that
water can be stored, recharged, and delivered at a moderated pace and temperature.
Protect and restore the Green/Duwamish tributaries that are cooler than the mainstem river and can
provide salmon with cold water refugia. Emphasize opening access to floodplain tributaries, including
small stream systems. Continue work to moderate mainstem temperatures by setting back levees and
softening bank revetments, and planting trees.
Remove and fix barriers like culverts and floodgates to ensure access to tributaries, connect oxbows, and
protect pools to restore cold water refugia.
Monitor land use changes, particularly tree removal and new development, to quantify and mitigate for
impacts to temperature.
Undertake an evaluation of water rights in the basin. Consider creating a follow up program to acquire
water rights to rededicate rights back to the river.
Look at creating/expanding outreach programs that reduce residential/commercial/industrial potable
water usage in Tacoma in order to have more water available for streams and rivers (e.g. basic education,
incentives for residences to upgrade to low flow devices, improve efficiency of irrigation systems)
Evaluate the impacts of water withdrawals for irrigation and cooling, and determine if other sources can
be used, including reclaimed water.
Investigate the relative contribution of runoff from paved surfaces on water temperatures, and where
appropriate,
Increase the use of low impact development practices in both developed and developing areas, including
reducing impervious area, infiltrating or dispersing runoff, and planting trees to minimize the impact of
urban areas on stream temperatures (Herb et al. 2008, Jones et al. 2012, Van Buren et al. 2000).
Promote and fund the WRIA 9 Riparian Revegetation Strategy (Ostergaard et al. 2016) to increase the rate
of planting and protecting riparian buffers to help stabilize in-stream temperatures and reduce sediment
and toxin load.
Work with the ACOE to further explore work done by WEST (2011) regarding how water is passed from
the reservoir to downstream habitats to determine whether the outlet could be redesigned to release
cooler water.

Ocean Conditions
Climate Impacts
Salmon spend much of their lives in the North Pacific feeding from the ocean’s food web. Natural variations in
climate cycles strongly influence ocean conditions. One of these cycles is the Pacific Decadal Oscillation (PDO).
PDO is a climate index based on multi-decadal patterns in sea surface temperatures (NWFSC 2015). As an
indicator, PDO has warm and cool phases. Over the past century, these phases oscillated irregularly over a period
of 10-40 years with more recent short-term (3-5 year) events (NWFSC 2016). These phases are correlated with
Northwest climate and ecology and variations in northeast Pacific marine ecosystems. Specifically, PDO is
correlated with patterns in atmospheric pressure, prevailing winds, currents, coastal upwelling impacts, winter
land-surface temperature and precipitation and stream flow, as well as historic salmon landings from Alaska to
California (Mantua et al. 1997).
These warm and cool phases are linked to composition, abundance, and distribution of plankton communities, the
basis of the ocean food web. PDO is hypothesized to alter the source of ocean water off the West Coast. In cooler
14

phases, northerly winter winds bring cold water and boreal zooplankton communities from the Gulf of Alaska
south into the California Current. Northerly winds cause coastal upwelling which generally brings cold, salty,
nutrient-rich water to the surface. These conditions increase phytoplankton production that support zooplankton
communities dominated by cold-water, lipid-rich copepods. These conditions are correlated with good salmon
survival. When the PDO shifts to a warm phase, warm southwesterly winds result in more water from the warmer,
fresher, North Pacific Current and its associated tropical and sub-tropical warm water lipid-depleted copepods.
These conditions are correlated with poor salmon survival for populations in the lower 48 states.
While regional climate in the Pacific Northwest is driven by these natural variations in climate and ocean
conditions in the Pacific, we don’t know how climate change will affect these variations. Climate change is
expected to increase ocean temperatures in the northeast Pacific by 1.8C by 2040 (Mauger et al. 2015), which
experts hypothesize will result in a 1-4% increase in marine mortality for salmon from Puget Sound to California.
Weather patterns in 2014 and 2015 caused +2-4C temperature anomalies over a large area of the northeast
Pacific Ocean labeled “The Blob,” which may be a precursor of extreme climatic variations that will become more
common in the future. Salmon returns in 2015 were some of the worst on record, and fish that did return to
freshwater experienced high mortality from blob-related drought and subsequent warm and low stream flows in
freshwater habitat (Peterson et al. 2015).

Salmon Impacts




While it is clear that PDO cycles affect salmon survival, the impacts of climate change on the natural
variations in PDO cycles that determine ocean conditions are not known, and the effect of ocean
conditions on salmon is not well understood.
The ways in which salmon are impacted will depend on the life stage in the ocean ecosystem, how long
they spend in the ocean, and other ocean variables like plankton communities. Further study is important
to understand how climate change will affect salmon, and might be already doing so.

Local Context and Technical Recommendations
Effects of ocean conditions will be felt most strongly in Pacific Ocean, but may also be seen in the Puget Sound
nearshore within WRIA 9.

Stormwater Runoff
Climate Impacts




Increases in predicted rainfall events will increase flow volumes from areas not retrofitted to new
stormwater standards accounting for climate change impacts. In some cases, this could also increase
pollutant discharges from stormwater runoff or groundwater leaching through contaminated areas into
rivers and streams, particularly for those pollutants that are detected in stormwater year-round, such as
PAHs, phthalates and pesticides (Hobbs et al. 2015). Some of these issues may be addressed by new
stormwater standards being implemented with new and redevelopment.
Stormwater can also increase the peak flows during storm events, scouring stream beds and banks,
adding to sediment loads due to channel and bank erosion, and flushing out habitat forming debris.

Salmon Impacts


Stormwater impacts to salmon are varied and can cause both lethal and sub-lethal conditions.
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Toxics from stormwater can cause mutations in salmonid eggs and rearing juvenile salmonids, harm brain
and heart development, and cause direct mortality (McIntyre et al. 2015).
Stormwater washes in excess sediment and nutrients that can cause dissolved oxygen to decrease,
creating hypoxic conditions for both fish and macroinvertebrates, disrupting the food chain (McIntyre et
al. 2015).
A direct, observable impact of untreated stormwater is pre-spawn mortality, when adult coho die before
they are able to spawn (Spromberg et al. 2016).

Local Context
Stormwater affects urban and suburban areas that drain to small streams and tributaries, such as Miller and
Walker creeks, Longfellow Creek, Soos Creek, Newaukum Creek, and Mill Creek, as well as urbanized areas along
the Lower Green like Kent, Auburn, Renton and Tukwila. As detailed in a recent stormwater retrofit analysis of
WRIA 9, most developed areas in the watershed did not initially have any stormwater controls, and the early
stormwater control methods and requirements have generally been deemed inadequate by today’s standards in
terms of improving water quality and impacts to stream hydrology. These areas are not yet retrofitted to
minimize stormwater runoff (King County 2014). Cities and businesses are already implementing municipal and
individual stormwater management permits (known as NPDES, or National Pollutant Discharge Elimination
System) to manage stormwater on new and redeveloping areas, control pollution sources at businesses, and track
and eliminate illicit discharges into the storm system. In addition, treating and retaining stormwater on developed
areas before it runs off into streams and rivers will reduce fish exposure to chemicals and stressful hydrologic and
water quality conditions (Spromberg et al. 2016).

Technical Recommendations
●
●

●
●

Study and prioritize areas that need stormwater retrofits and accelerate those actions (See King County
(2014) for one possible approach).
Conduct small-scale subwatershed stormwater infiltration feasibility studies and prioritize potential
retrofit projects, looking for cost savings where capital projects are already planned (e.g., Miller-Walker
Stormwater Retrofit Implementation Plan (HDR Engineering 2015)).
Incentivize public-private partnerships to increase the rate of stormwater retrofits on private properties
and road right-of-ways.
Infiltrate road and parking lot runoff wherever possible, prioritizing the areas with the highest use.
Partner with Washington State Department of Transportation to develop and implement a plan to retrofit
state highways throughout the basin. Use the Miller-Walker Basin as a case study to determine the
amount of retrofit needed to improve hydrologic and water quality conditions.

Sedimentation
Climate Impacts





Heavier rains will increase landslide potential across the basin, including marine bluffs.
Heavier rains will also increase stream flows, which can increase erosion and move more sediment
downstream.
Increased sediment loads can affect sedimentation rates in estuary and delta areas.
Increased fine sediments may temporarily cause spawning gravels to fill in, smothering incubating eggs.
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Increased flows on the mainstem may be dampened by HHD operations, depending on flow rate
decisions. Sediment is already decreased in the mainstem basin due to the amount of sediment trapped
behind the dam; gravel supplementation is continuing in order to maintain spawning habitat in the
Middle Green River.

Salmon Impacts



High levels of suspended solids can kill salmonids by burying redds after spawning and potentially harm
juvenile fish by decreasing dissolved oxygen or smothering their gills.
Suspended sediments also cause chronic sub-lethal and behavioral effects including; reduced foraging
capabilities, stunted growth, stress, lowered disease resistance and interference with migration cues
(Bash 2001).

Local Context
More frequent rain events will likely bring sedimentation impacts from landslides on the hillslopes throughout the
watershed. There existing issues with increased sediment inputs above HHD due to historic logging practices (e.g.
dense road network on steep slopes). The high rains will likely increase the rate of landslides and sedimentation
in this area. While anadromous salmon don’t have access at this time, creating access to the upper watershed is a
high priority action in the Plan. Sedimentation in the upper basin will not impact the Middle and Lower Green
River areas in the near term because the reservoir acts like a large sediment retention pond. However, there will
likely be some increased sedimentation issues in the Middle and Lower Green caused by bank erosion and inputs
from local streams. The off channel habitat creation projects in the Lower Green are at a higher risk than other
project types if sedimentation increases. At this time, it is not clear if the increased sediment load will be
substantial enough to degrade the resilience of restoration projects. The increased rain events will also likely
increase the rate of landsliding and beach feeding along the marine shorelines of WRIA 9. Most drift cells within
WRIA 9 have experienced shoreline armoring that has cut off significant amounts of beach feeding bluffs over the
last 100 years (WRIA 9 Implementation Technical Committee 2012). While the exact effects are not known at this
time and it will likely be drift cell specific, increased sedimentation/beach feeding rates may actually improve
beach conditions by offsetting historic armoring that starved beaches.

Technical Recommendations
●
●
●

Restore riparian buffers more quickly to help reduce sediment load.
Protect intact buffers to reduce sediment load and minimize erosion.
Study and understand sedimentation changes in mainstem and nearshore areas.

Coastal
Effects to the ocean environment are harder to predict and quantify than freshwater effects, but there will be
impacts to salmon survival. The most notable changes expected in Puget Sound’s coastal and marine
ecosystems are sea level rise and ocean acidification.
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Sea Level Rise
Climate impacts




Sea level in Puget Sound rose 20 centimeters from 1900-2008 and sea level rise (SLR) will continue,
though it is hard to predict exactly how much.
The State of the Knowledge report projects sea level will rise 0.6 meters by 2100 (The Nature Conservancy
and Climate Impacts Group 2016).
Beach habitats and infrastructure along Puget Sound shorelines are already being impacted by SLR.

Nearshore







Increases in SLR means that extreme high water levels will increase and in response flood events will
become more frequent. This means that damaging storms will occur more frequently because storms will
occur at higher water levels (Mauger et al. 2015).
A 1ft increase in water surface elevation means an order of magnitude increase in high water events—so
a 100 year event turns into a 2 year event (Mauger et al. 2015)
Sea level rise will have a myriad of effects on the marine nearshore, including increased bank/bluff
erosion, landslides and “coastal squeeze.” A study in the San Juan islands estimated that toe of bank
erosion caused by SLR would likely double existing bluff erosion rates.
Combined with toe of bluff erosion, the predicted 22% more rain in the winter will increase the risk of
destabilizing nearshore slopes and increase landslides that are triggered from upslope mechanisms.
While sediment supply is critical to a productive and healthy nearshore environment and increased beach
feeding through landslides may benefit beach habitats, increased landslides could heighten the demand
for new bulkheads and enlarging existing bulkheads, further degrading this important process.
Coastal squeeze is a phenomenon that occurs in response to SLR. Marine shorelines that are unarmored
have beaches and beach habitats that migrate inland in response to SLR. Armored shorelines not only
restrict the natural migration of beaches, the beach habitats slowly get squeezed out of existence (Figure
8).

18

Figure 8. Coastal squeeze in nearshore graphic along the Puget Sound Nearshore refers to the shallow areas where forage fish spawn
being squeezed out of existence by shoreline armoring and sea level rise (from Coastal Geologic Services).

Estuary






SLR may convert existing estuarine habitats into predominately salt water habitats and convert some
fresh water habitats (e.g. wetlands) into estuarine habitats.
In the tidally influenced areas of the Duwamish River (up to approximately River Mile 11), SLR may
convert shallow water mudflats to deep water, tidal habitats and marsh areas to mudflats. Marsh areas
may be flooded, and as they move upslope on steep banks, become increasingly narrow edge habitats
over time.
Sea level rise may move salt wedge further upstream into areas that are currently freshwater.
SLR will likely begin to flood low lying upland areas, creating a need to decide if the areas should be
‘defended’ against SLR with levees and other infrastructure or if the areas should be converted to
wetland/estuarine habitats.

Salmon impacts






According to the CIG State of the Knowledge report, sea level rise will increase the area of salt marsh and
transition marsh, shifting the ranges of habitat used by salmon. However, given that the Duwamish
estuary and Central Puget Sound nearshore are highly developed with docks, bulkheads, tide gates and
culverts, it will likely lose marsh and mudflat area and types from coastal squeeze.
Increased erosion from sea level rise and landslides is already bringing requests for more and bigger
bulkheads along the nearshore to protect existing development; additional sea level rise will likely
increase these requests (Kollin Higgins, pers. comm.).
Additional bulkheads will cut off the sediment supply needed by forage fish, a key salmonid prey.
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The amount of shallow water habitats heavily used by juvenile salmon in late spring early summer in the
nearshore will decrease due to coastal squeeze within the largely armored shorelines of WRIA 9

Local Context
Impacts of SLR and coastal squeeze will be focused in the Duwamish estuary and along the Central Puget Sound
nearshore.

Technical Recommendations
●
●
●

●
●
●
●
●
●

Identify areas most at risk of losing estuarine habitat, such as mudflat and marsh, by mapping elevations
and monitoring the habitat over time.
Include a diversity of elevations in estuary projects to allow for shifting boundaries of intertidal and
subtidal habitats into the future.
Undertake an evaluation of upland areas within the Duwamish most at risk of inundation through SLR, in
conjunction with the communities, businesses, and other stakeholders, to look for opportunities to
transition low-lying upland habitats to aquatic habitats in ways that provide economic, social justice, and
environmental equity benefits (Figure 9).
Protect marine and freshwater shorelines at risk of being armored as climate change continues.
Protect habitat outside current habitat boundaries that will become future estuarine habitat.
Improve regulatory protection in all unarmored marine areas.
Encourage bulkhead removal or retrofit where possible, but especially at historic feeder bluffs.
Buy land that will be directly impacted by sea level rise, remove existing infrastructure if necessary, to
allow marine shoreline migration, bluff erosion and/or estuarine marsh migration.
Work with partners to understand vulnerability of estuary infrastructure under SLR, including levee
maintenance and drainage needs, transportation corridors and wastewater facilities.
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Figure 9. Map showing projected areas of inundation due to sea level rise in the Duwamish subwatershed, between the 1st Ave S. and
South Park bridges (City of Seattle 2012).

Ocean Acidification – Climate Impacts




Ocean acidification is projected to increase 150-200% by 2100 based on current CO2 emission scenarios
(The Nature Conservancy and the Climate Impacts Group 2016).
Warmer air temperatures will likely cause sea surface temperatures to increase as well (Mauger et al.
2015).
Together these factors can have a wide range of impacts on marine and coastal ecosystems.
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Salmon Impacts



Ocean acidification is expected to change food availability for salmon during the smolt and ocean life cycle
phases.
The role affected species play in supporting Puget Sound salmon raises concerns about how acidification
could affect the entire Puget Sound and ocean food web (Washington Department of Ecology 2012)

Technical Recommendations
●

Protect and restore areas of carbon uptake – including forests, eelgrass and tidal marshes.

Discussion
Tremendous change is expected in the Puget Sound region over the next 20-30 years with respect to increased
human population growth and climate change. The Puget Sound coastal shoreline counties account for 68% of
Washington state’s population: 4,779,172 out of 7,061, 530 people (Alberti and Russo 2016). Nearly half of these
people live in King County. By 2030, the Puget Sound population is estimated to exceed 5.7 million – an 18.2%
increase from 2014 estimates as compared to a 12.7% national growth rate predicted in the same time frame
(Alberti and Russo 2016). This rapid and extensive growth has direct implications to the Green/Duwamish and
Central Puget Sound Watershed.
With the growing demand for homes, clean drinking water, transportation systems, agricultural products, and
strong economies, addressing the impacts of climate change for threatened salmonids is increasingly complex.
Where and how people live in Puget Sound, including the patterns of development and transportation systems,
and economic development all contribute to salmon survival, and hopefully, recovery in the Puget Sound. Climate
change gives urgency to actions that can help mitigate known future effects, in particular, planting riparian trees
for shade. It also gives more urgency to fish passage through Howard Hanson Dam, to open up this extremely
large and higher elevation area for spawning and rearing.
To address these competing forces, planning and implementing salmon recovery actions needs to become more
complex, interdisciplinary, and integrated. We need solutions that benefit many interests and sectors. Salmon
recovery and climate change information needs to be incorporated into local jurisdiction comprehensive plans,
shoreline master programs, critical areas ordinances. We also need additional enforcement of existing land use
regulations, particularly with riparian buffers and nearshore bulkheads.
Efforts to address the impacts of climate change are already underway in many of the WRIA 9 jurisdictions. This
work will need to continue and accelerate to keep ahead of the pace of population growth and climate change.

Conclusions
Different salmon species and their life history types are varied. Over the centuries, species have evolved with
slight differences across the species and within salmonid types to better withstand and adapt to habitat, climate
and ocean conditions. The Plan has identified recovery actions that address viable salmonid population (VSP)
criteria, such as life stage diversity, abundance, productivity, and spatial structure. By addressing these criteria,
we hope to give salmon the best chance for recovery. Climate impacts will directly affect these VSP criteria. For
instance, water temperatures across the basin will likely increase, making some areas inhospitable to salmon, and
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causing dire conditions for unique life history types such as yearling Chinook. Climate impacts could potentially
decrease suitable summer habitat, impacting the spatial diversity in the system, or increased winter scouring
could affect population abundance and ultimately productivity.
The summer of 2015 shed light on what could be expected in years to come. Along with large-scale strategies at a
global, national and state level to dampen these impacts, work must be done at a basin level. For salmon
recovery, restoration and protection actions must amplify the species’ natural ability to adapt. To give salmonids
the best chance of survival, we must continue implementing the Plan strategy of restoring and protecting river
processes that can adapt and create resilient habitat.
The proposed actions above and summarized in Table 2 and 3 are not new. For the most part they are described
in other Green/Duwamish planning documents. What has changed is the urgency and need to change the rate of
implementing these actions. We must think beyond direct habitat needs (which are still important), to decrease
the intensity of climate impacts likely in 10, 20, and 50 years.

Table 2. Summary of technical recommendations that could be taken for each climate impact

Climate impact
Hydrology

●
●
●
●
●
●
●
●
●
●
●

Technical Recommendations
Implement low impact development practices and green stormwater infrastructure in
urban areas.
Work with water supply and dam operators to use reservoirs to ameliorate hydrologic
impacts, especially during low flow periods.
Evaluate water rights in the basin, and support efforts to retain sufficient flows for fish.
Support expanding outreach and incentive programs that reduce water usage.
Consider increasing amount of a large wood in rivers in streams to improve hyporheic
exchange that could moderate maximum temperatures.
Work with forestry managers and researchers to investigate longer stand rotations and
selective logging to improve basin hydrology.
Encourage natural processes that may moderate expected shifts.
Protect habitat uphill of current floodplains and beaches so habitats can shift and adapt.
Monitor land use in headwater areas to minimize impacts to hydrology.
Reconnect disconnected floodplains in mainstems and headwaters.
Remove and properly size barriers like culverts and floodgates to ensure access to
tributaries, connect oxbows, and protect pools.
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Climate impact
Temperature

●
●
●
●
●

●

Stormwater

●
●
●
●
●

Sedimentation

Sea level rise

●
●
●
●
●
●
●
●
●
●

Ocean
acidification
and increased
temperature

●

Technical Recommendations
Identify, protect and enhance processes and habitats that provide cool water.
Protect and restore tributaries and other areas that are cooler than the Green River and
can provide salmon with cold water refugia.
Remove and fix barriers like culverts and floodgates to ensure access to tributaries,
connect oxbows, and protect pools to restore cold water refugia.
Monitor land use changes, particularly tree removal and new development, to quantify
and mitigate impacts to temperature.
Restore riparian buffers more quickly to help stabilize in-stream temperatures and
reduce sediment and toxin load by promoting and funding the WRIA 9 Riparian
Revegetation Strategy.
Reduce summer water use by encouraging more potable water conservation in Tacoma
and reclaimed water for irrigation and cooling where water is being withdrawn from the
Green River.
Increase the use of low impact development practices and GSI.
Work with ACOE to determine whether colder water could be released from HHD.
Study and prioritize areas that need stormwater retrofits and accelerate those actions.
Incentivize public-private partnerships to increase the rate of stormwater retrofits on
private properties and road right-of-ways.
Infiltrate road and parking lot runoff wherever possible, developing partnerships and
prioritizing areas of highest use.
Restore riparian buffers more quickly to help reduce sediment load.
Protect intact riparian buffers.
Study and understand sedimentation changes in mainstem areas.
Identify how habitat boundaries, such as nearshore and estuaries, are changing.
Protect marine and freshwater shorelines at risk of being armored as climate change
continues.
Protect habitat at higher elevations than current habitat boundaries.
Improve regulatory protection in all unarmored marine areas.
Encourage bulkhead removal or retrofit where possible, but especially at historic feeder
bluffs.
Buy land that will be directly impacted by sea level rise, remove existing infrastructure if
necessary to allow marine and estuary shoreline migration and bluff erosion.
Evaluate upland areas in the Duwamish subwatershed at risk of inundation, and work
with community partners transition to aquatic habitat while providing other benefits.
Protect and restore areas of carbon uptake, including forests, eelgrass and tidal marshes.
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Table 3. Summary of strategies and actions and what climate impact they address

Strategies and Actions
Encourage natural processes that may moderate expected shifts.
Encourage natural processes and novel restoration practices such as beaver
reintroduction in appropriate areas to help moderate flows and temperature.

Climate Impact
Hydrology, Temperature
Hydrology, Temperature

Protect habitat at higher elevations than current habitat boundaries so
habitats can shift and adapt.

Hydrology, Seal level rise

Monitor land use in headwater areas closely to minimize impacts to
hydrology.
Reconnect disconnected floodplains in mainstems and headwaters.

Hydrology, Temperature

Remove and resize barriers like culverts and floodgates to ensure access to
tributaries, connect side channels, and protect pools.

Hydrology, Temperature

Reduce summer water use by encouraging more potable water conservation
in Tacoma and reclaimed water for irrigation and cooling where water is being
withdrawn from the Green River watershed.
Identify, protect and enhance processes and habitats that provide cool water
(e.g., replant riparian forests, remove levees).

Hydrology, Temperature

Protect and restore Green River tributaries that are cooler than the mainstem
river and can provide salmon with cold water refugia.

Temperature

Remove and fix barriers like culverts and floodgates to ensure access to
tributaries, connect oxbows, and protect pools to restore cold water refugia.

Hydrology, Temperature,
Sedimentation

Increase the rate of implementation of riparian buffer restoration to help
stabilize in-stream temperatures and reduce sediment and toxin load.

Temperature, Sedimentation,
Stormwater Runoff

Study and prioritize areas that need stormwater retrofits and accelerate those
action

Stormwater Runoff

Protect marine and freshwater shorelines at risk of being armored due to
climate change.

Sea level rise

Improve regulatory protection on in all unarmored marine areas.

Sea level rise

Encourage bulkhead removal or retrofit where possible, but especially at
historic feeder bluffs
Buy land that will be directly impacted by sea level rise, remove existing
infrastructure if necessary in order to allow marine and estuary shoreline
migration and bluff erosion.

Sea level rise

Hydrology, Temperature

Temperature, Sedimentation

Sea level rise
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CAPITAL PROJECT EVALUATION TEMPLATE

Nearshore Evaluation Criteria
Evaluation
Criteria

Criteria
Weight
(sum to
100%)

Indicator
of potential
benefits

Details

How to assign values
to input column

Evaluation level 1 - Identify the best places to do work
Project size

25

Assumes most
other benefits
are positively
correlated with
size

Project area

Count only areas that
Specify number of acres
will be part of habitat
project--not entire parcel

Shoreline
length

Measure length of
existing shoreline,
whether armored, or
unarmored.

Location

Is the site in a high-value Feeder bluff located in the first third of
location?
the drift cell (4 pts)

Specify number of linear feet (in 100’s;
ex 200 ft = 2)

Feeder bluff elsewhere (2 pts)
Pocket estuary/ stream mouth (2 pts)
Priority in revegetation strategy (1 pt)
Adjacent to or inholding of existing
public land/easements (1 pt)
Drift cell
condition

What percentage of
the drift cell sediment
sources are currently
“intact”?

0-25% (0 pts)
>25-75% (3 pts)
>75% (2 pts)

Evaluation Level 2 -Identify the projects that can generate the most lift
Expected
post-project
benefits

75

Immediate
habitat lift
(rearing and
forage fish/
intertidal)

Bulkhead removal (or
stream bank armor for
stream mouths)

Length of bulkhead removal;
Linear feet (in 100’s)
*If soft shoreline armoring to replace it,
add “1” to input cell

Fill removal

Acres of potential fill removal

Pocket estuaries

If project restores the hydrology and
extent of a pocket estuary (3 pts)

Overwater structures

If removing (3 pts)
If upgraded to non-creosote and
light-transmitting (_ pts)

Long-term
habitat lift
(processrestoration)
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Feeder bluff restoration

Percent of sediment sources restored
of the drift cell by the project after
restoration is eventually completed

Riparian restoration
(partial includes view
corridors or relatively
skinny widths)

100 ft wide or greater buffer (3 pts)
Partial buffer improvement (_ pts)

Green-Duwamish and Central Puget Sound Watershed Salmon Habitat 2021 Update

Duwamish Evaluation Criteria
Evaluation
Criteria

Criteria
Weight
Indicator
(sums to of potential
100%)
benefits

Instructions

How to assign values

Project area

Count only areas that will be part of
habitat project--not entire parcel

Number of acres

Shoreline
length

Measure length of existing shoreline, Linear feet (in 100’s)
whether armored, or unarmored.
Creek scores = count only one bank.

Location

Is the site in a higher value location? River Mile 1.0-4.3 (1 pt)

Evaluation Level 1
Project size

25

Assumes
most benefits
are positively
correlated
with size

River Mile 4.3-5.5 (2 pts)
River Mile 5.6-10 (4 pts)

Evaluation Level 2
Expected
post-project
benefits
(optional)

75

Immediate
habitat lift
(mostly
substitution
and creation)

BANK TREATMENTS:
Estimate the change in the length of
enhancement (100’s of feet)
Resloping/benching (*0.4 pt)

Linear feet (in 100’s)

Wood for habitat (does not include Linear feet (in 100’s)
soft armoring) (*0.2 pt)
Revegetation length

Linear feet (in 100’s)

Revegetation width

165 ft wide (0.5 pt)
100-165 ft wide (0.4 pt)
50-100 ft wide (0.3 pt)
<50 ft wide (0.1 pt )

Number in acres
REARING HABITAT CREATION:
Estimate the excavated area that will
be wetted during Jan-June (at least)

Hydrologic lift/
connectivity

Change in length of erodible
shoreline that can generate
sediment and wood

Number of linear feet

Will the project allow increased
inflow to the site? Will it notch,
move, remove a flood-containment
levee or flap-gate, or lower the
ground surface (e.g., through fill
removal or other excavation) so that
it floods more readily?

If yes, specify number
of acres of reconnected
floodplain or inundated
area

Green-Duwamish and Central Puget Sound Watershed Salmon Habitat 2021 Update

PAGE

E-3

Lower Green Evaluation Criteria
Evaluation
Criteria

Criteria
Weight
Indicator
(sums to of potential
100%)
benefits

Instructions

How to assign values

Evaluation Level 1
Project size 25
Assumes
most other
benefits are
positively
correlated
with size

Project area

Count only areas that will be part
Specify number of acres
of habitat project--not entire parcel

Shoreline
length

Measure length of existing
shoreline, whether armored, or
unarmored.

Linear feet (in 100’s)

Location

Is the site in a high value location?

Within 1 km of a completed or
underway restoration site (1 pt)
Associated with a stream mouth/
wetland (2 pts)
In spawning areas (closeness to
rearing habitat need for fry) (1 pt)

Used as a creek modifier, to
reduce scores of coho projects

Likelihood of chinook use
(range from 1.0 to 0.1)

BANK TREATMENTS: Estimate
the change in the length of
enhancement (100’s of feet)
Resloping/benching (*0.4 pt)

Linear feet (in 100’s)

Evaluation Level 2
Expected
postproject
benefits
(optional)

75

Immediate
habitat lift
(mostly
substitution
and creation)

Wood for habitat (this does NOT
include soft armoring) (*0.2 pt)

Linear feet (in 100’s)

Revegetation length

Linear feet (in 100’s)

Revegetation width

165 ft wide (0.5 pt)
100-165 ft wide (0.4 pt)
50-100 ft wide (0.3 pt)
<50 ft wide (0.1 pt)

Hydrologic
lift/
connectivity
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REARING HABITAT CREATION:
Estimate the excavated area that
will be wetted during Jan-June (at
least)
Will the project increase flooding
of the site? E.g. Will it notch, move,
remove a flood-containment levee
or flap-gate, or lower the ground
surface (e.g., through fill removal or
other excavation) so that it floods
more readily?
Change in length of erodible
shoreline that can generate
sediment and wood
Used as a creek modifier, to reduce scores of coho projects

Backwater acres
Side channel acres
If yes, specify acres of
reconnected tributary

If yes, specify acres of
reconnected floodplain
Linear feet (in 100’s)
Likelihood of chinook use
(range from 1.0 to 0.1 pt)
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Middle Green Evaluation Criteria

Evaluation
Criteria

Criteria
Weight
(sums
to
100%)

Indicator
of potential
benefits

Instructions

How to assign values

Project area

Count only areas that will be
part of habitat project--not
entire parcel

Specify number of acres

Shoreline
length

Measure length of existing
shoreline, whether armored,
or unarmored. (creek only
count one bank)

Linear feet (in 100’s)

Location

Is the site in a high value
location?

Associated with a stream mouth/
wetland (1 pt)

Evaluation Level 1
Project size
assumes
most other
benefits are
positively
correlated
with size

25

Within the severe CMHZ (1 pt)
Adjacent to an existing restoration
project (1 pt)
Priority in the revegetation strategy
(1 pt)
Used as a creek modifier,
to reduce scores of coho
projects

Likelihood of chinook use (range
from 1.0 to 0.1 pt)
Value guidance--all mainstem
areas, lower five miles of Soos or
Newaukum (1 pt)
River floodplain portion of other
creek (0.5 pt)
Mostly headwater/coho areas
(0.1 pt)
(Continued on next page)
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Middle Green Evaluation Criteria, continued

Evaluation
Criteria

Criteria
Weight
(sums
to
100%)

Indicator
of potential
benefits

Instructions

How to assign values

Evaluation Level 2
Expected
post-project
benefits
(optional)

75

Immediate
habitat
lift (edge
improvements,
new rearing
habitat)

BANK TREATMENTS:
Estimate the change in the
length of enhancement (100’s
of feet)
Creek remeander (*1 pt)

Linear feet (in 100’s)

Resloping/benching (*0.4 pt)

Linear feet (in 100’s)

Wood for habitat (*0.2 pt)

Linear feet (in 100’s)

Revegetation length

Linear feet (in 100’s)

Revegetation width

165 ft wide (0.5 pt)
100-16 5ft wide (0.4 pt)
50-100 ft wide (0.3 pt)
<50 ft wide (0.1 pt)

Number of acres
REARING HABITAT
CREATION or CONNECTION:
Estimate the area that will
be wetted more frequently
during Jan-June (at least)
Length of shoreline armoring Linear feet (in 100’s)
or levee that is being removed
or set back farther from the
river.
Number of acres

Creek only

Area of increased floodplain
connectivity or quality

Long-term
habitat lift
(processrestoration)

Number of acres
Measure total project area
within likely new boundary
protections; assume
that roads are generally
permanent boundaries (with
rare exceptions) - include FPP
areas as being within possible
boundary protections.

Location

Used as a creek modifier,
to reduce scores of coho
projects

Likelihood of chinook use
(range from 1.0-0.1 pt)
Value guidance--all mainstem
areas, lower five miles of Soos or
Newaukum (1 pt).
River floodplain portion of other
creek (0.5 pt)
Mostly headwater/coho areas (0.1 pt)
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EXECUTIVE SUMMARY
The WRIA 9 Monitoring and Adaptive Management Plan (MAMP) incorporates years of
effort to create a monitoring plan that is both robust but simple to implement. The first
version of this plan was drafted in 2013 by the WRIA 9 Implementation Technical
Committee (ITC) but was purposefully left as a draft to allow time for regional efforts to
create standardized monitoring processes. As part of the larger WRIA 9 Salmon Habitat
Plan update, it was decided to finalize this MAMP, though not all of the regional monitoring
efforts have been completed at this time. This plan focuses on tracking and evaluating large
capital habitat restoration projects and does not address smaller routine habitat projects
like basic revegetation, or noncapital projects like stewardship or education.

This MAMP breaks the broad topic of monitoring into three main components:
implementation, effectiveness, and validation. The implementation monitoring section is
focused on tracking large capital project implementation to see if the habitat plan goals and
targets are being reached and if not, why and what can be changed to meet those targets.

The effectiveness section of the MAMP is broken into two broad categories, including
project effectiveness and cumulative habitat conditions which is also known as status and
trends monitoring. Additionally, the project effectiveness section is broken into two
components: routine and enhanced project monitoring. Routine project effectiveness
monitoring focuses on if the project is performing as we expected it to. It is expected that
all project sponsors of large restoration projects receiving money through the WRIA will
undertake the routine monitoring called for in the MAMP. The questions and metrics for
routine monitoring focused on relatively simple and inexpensive physical metrics. The
enhanced monitoring components address harder and more expensive to answer questions
around if and how Chinook use restoration project sites. This type of monitoring should
only be done on a limited number of projects and it is expected that the WRIA would use its
funding resources to help implement this type of monitoring.

The second half of effectiveness monitoring, cumulative habitat conditions, looks beyond
what habitat has been created and attempts to evaluate larger habitat trends throughout
the five subwatersheds. This is where we see if the sum of all the activities are having a net
gain or lift in habitat conditions, or if the improvements made in the name of salmon
recovery are being offset by ongoing development or redevelopment. These cumulative
habitat condition metrics are centered around the updated Salmon Habitat Plan recovery
strategies and build off of the 2012 WRIA 9 Status and Trends report. Some of the data is
being collected by other entities, but some of it will need to be collected and or funded by
the WRIA. It is recommended that the WRIA spread out the effort to undertake a status and
trends report by collecting and analyzing some metrics every year while reporting the
findings once every five years.
Validation monitoring is composed of tracking Chinook Viable Salmonid Population
parameters as well as validating assumptions or data and knowledge gaps in the Salmon
Habitat Plan. The majority of the data used to evaluate Chinook salmon population metrics
King County Science and Technical Support Section
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is collected by the co-managers. One of the most important parts of evaluating the Chinook
salmon numbers is the juvenile outmigrant trap, which has been in place for over twenty
years. The WRIA has been contributing roughly a third of the funding for the trap, and
given the data’s importance to measuring salmon recovery efforts, the ITC recommended
that the WRIA should continue to do so until a broader Puget Sound funding source for
smolt traps can be secured. Additionally, the WRIA has used this category of monitoring to
undertake applied research studies that will help validate assumptions that went into
forming the Salmon Habitat Plan. These studies have greatly improved our knowledge of
how Chinook use the system and have helped to elevate and prioritize additional actions
for the WRIA to undertake. The ITC recommends that the WRIA continue to fund these
types of studies into the future.
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1.0

BACKGROUND AND PURPOSE

Since the listing of Chinook salmon as a threatened species under the Endangered Species Act
in 1999, local and regional entities have been working together to understand the reasons for
their decline and take action to recover the species. The 2005 Green-Duwamish and Central
Puget Sound Watershed Salmon Habitat Plan, “Making our Watershed Fit for a King”
(hereafter called “Salmon Habitat Plan”) calls for habitat protection, programs, and projects
to benefit Chinook and other salmonids in Water Resource Inventory Area 9 (WRIA 9).
Monitoring the implementation of the plan, the quality of habitat, and the status of salmonid
populations is the only way to know whether we are moving towards the goal of recovery.
The Salmon Habitat Plan cites monitoring as integral to implementation and identifies the
need for a comprehensive monitoring strategy and sustained monitoring effort.

A monitoring and adaptive management plan is also called for in the Implementation
Guidance for the WRIA 9 Salmon Habitat Plan (2006). When the National Oceanic and
Atmospheric Administration (NOAA) approved the Puget Sound Salmon recovery plan, it
required each watershed to develop a monitoring and adaptive management plan (Final
Supplement to the Shared Strategy’s Puget Sound Salmon Recovery Plan, National Marine
Fisheries Service, Northwest Region, 2006). The WRIA 9 Implementation Technical
Committee (ITC) began working on this Monitoring and Adaptive Management Plan (MAMP)
in 2011. The work was put on hold while the Puget Sound-wide monitoring and adaptive
management framework was being developed by the Puget Sound Recovery Implementation
Technical Team (RITT) During that delay, the ITC researched and wrote the WRIA 9 Status
and Trends Monitoring Report: 2005–2010 (February 2012). The Status and Trends report
documented the progress made during the first five years of implementation of the WRIA 9
Salmon Habitat Plan, identified key monitoring gaps, and formed the foundation for this
MAMP. A draft of the MAMP was completed in 2013 and approved by the WRIA 9 Watershed
Ecosystem Forum, with the intent to finalize in a year or two once regional guidance was
complete. Consistent regional guidance has taken longer than anticipated and the 2013 draft
was updated in 2020 to coincide with a broader Salmon Habitat Plan update.

It should be noted that this MAMP focuses on monitoring the actions in the Salmon Habitat
Plan recommended to improve habitat conditions. It does not address monitoring of other
limiting factors such as hatchery, harvest, or ocean conditions. It is possible that even if the
Salmon Habitat Plan is fully implemented, the other limiting factors could limit our ability
to reach recovery.

The Monitoring and Adaptive Management Plan is intended to:
• Serve as a framework for prioritizing monitoring actions and funding by the WRIA 9
WEF;
• Provide guidance for adaptively managing implementation of the Salmon Habitat
Plan;
• Promote collaboration among various entities collecting data in the basin; and
• Provide guidance for tracking net gains and losses in salmon habitat.
King County Science and Technical Support Section
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2.0

PLANNING PROCESS AND
STRUCTURE

2.1

How This Plan Was Developed

This MAMP was developed in stages over seven years and represents multiple aspects of
the salmon recovery planning effort. The 2013 draft MAMP focused on evaluating progress
towards 2005 habitat goals and targets (implementation monitoring), if built projects are
performing as expected (project effectiveness monitoring), and Tier one conservation
hypotheses (validation monitoring) that are integrated throughout the Salmon Habitat
Plan. If the plan is implemented as intended, projects are successful at improving habitat
and we should eventually see an improvement in Chinook salmon Viable Salmonid
Population (VSP) parameters of productivity, diversity, spatial structure, and abundance.
The updated 2020 MAMP includes the same topic areas, but includes recently updated
Salmon Habitat Plan targets.

The goals of the Salmon Habitat Plan were originally spelled out in the plan itself and in the
Implementation Guidance for the Salmon Habitat Plan. The goals were updated in 2019 and
are now found in Chapter 3, Table 2, and a shortened version in Table 1 below. The WRIA 9
ITC wrote a 5-year Status and Trends Report in 2012 with a focus on the highest priority
(Tier 1) conservation hypotheses and interim plan goals. The Status and Trends report
evaluated eleven of the eighteen conservation hypotheses and goals, for which monitoring
data existed, and could be analyzed with existing or minimal resources. Gaps in ability to
monitor plan progress were identified and resulted in 58 monitoring and adaptive
management recommendations. Those recommendations are incorporated into this plan.
This monitoring and adaptive management plan was written by WRIA 9 staff with
extensive input from the ITC in 2013 and 2020. It relies heavily on previous work,
including, the 2012 Status and Trends report, (WRIA9 ITC 2012), and several white papers
written for the 2020 plan update (King County 2017a, 2017b, 2017c, and 2018). Once the
MAMP is approved by Watershed Ecosystem Forum (WEF), the recommendations of the
MAMP will be implemented annually through the WRIA processes and funding decisions.
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Updated Habitat Plan Targets for 2028.
Necessary
Habitat
Future
Current Condition
Indicator
Conditions

Recommended 10-year
Target (by 2028)

Nearshore
Shoreline
Armor

59 mi. of shoreline armored.

Marine
Riparian
Vegetation

65% of shoreline
in natural
condition
65% characterized
by riparian tree
cover.

Shoreline
Conservation

No condition
stated

9.5 mi. of adjacent upland
protected as natural lands

Protect 2 mi. of shoreline

Shallow Water
Habitat

173 ac. in the
transition zone
(RM 1-10)

5.8 ac. as of 2014 has been
restored

Create 40 ac. of shallow water
habitat between RM 1-10

Riparian
Forest

65% of each bank
of the river has >
165 ft. trees (586
ac. total)

69 ac. of 165 ft. buffer
contains trees.

Revegetate
170 ac. (~29% of 165 ft. buffer)
9.8 mi. of streambank

Off Channel
Habitat

2.8 mi. side
channels; 450 ac.
wetlands; 5039 ac.
floodplains

Not assessed in a way to
accurately state.

Side Channels
A: High flow (above
bankfull) 550 ft.
B: Low flow (below
bankfull) 3740 ft.
Floodplain Tributaries: 3080 ft.
Backwater: 75 ac.
Floodplain Wetland: 66 ac.
Other 100-yr. Floodplain: 99 ac

Riparian
Forest

75% of each bank
of the river to
>165 ft. wide (828
ac. total)
1705 pieces per
mi. (21 key
pieces)

222 ac. of 165 ft. buffer has
trees.

Revegetate 250 acres/8.52 mi.
of high priority, unforested
shoreline

2004: 54 pieces/mi.
2014: 48.5 pieces/mi.

Achieve 425 pieces/mi

No new,
decreasing
amount

2014: 42 mi. are KC
maintained facilities. The
other 14.5 mi. are a
combination of semiarmored roads acting like
levees and natural banks

Set-back 1 mi. of levee

21.8 mi. is dense trees;
14.8 mi. is patchy trees]

Remove 3,000 ft. (<1%
improvement): achieve a net
reduction
Revegetate 60 ac. and/or 3.25
mi. (~3.5% gain) of shoreline

Duwamish

Lower Green

Large Woody
Debris

Bank Armor
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Habitat
Indicator

Middle Green
Floodplain
Connectivity /
Lateral
Channel
Migration

Necessary
Future
Conditions

Current Condition

Recommended 10-year
Target (by 2028)

Floodplain subject
to lateral channel
migration
represents 65% of
historical
conditions
> 65% of Channel
Migration Zone
and up to 165 ft.
wide where
possible
10 jams/mi.

2017: 1751 ac. or 55% of
historic floodplain
connected; 45 ac. restored
(including riparian) from
2005-2014

Reconnect 200 ac of floodplain
as measured by area subject to
lateral channel migration

2009: 50.5% of the Channel
Migration Zone forested

Revegetate 175 acres (8% of
CMZ)

2015: 3.8 jams/ mi.

Achieve 5 jams/mi.

No new,
decreasing
amount

2004=25%
2009=24%

Set back 1 mi. of
revetment/levee

Soos Creek
Riparian
Forest
Newaukum
Creek Riparian
Forest

65% revegetated
to 165 ft.

2015: 150ft. riparian buffer is
4200 ac., 1626 ac. is
forested
2015: the 150 ft. riparian
area is 4088 acres, 960
acres of which is forested

Revegetate 700 ac. or 11.7 mi.
streambank

Fish Passage

Fish passage
provided at
Howard Hanson
No new,
decreasing
t

Upstream passage facility
complete. Downstream
passage not complete
2009=15% armored

Provide downstream passage
at HHD

Riparian
Forest

Large Wood
Debris
Bank Armor

Middle Green Tributaries

65% revegetated
to 165 ft.

Upper Green

Bank Armor

2.2

Revegetate 900 ac. or 14.0 mi.
streambank

Remove/set back 0.5 miles

Types of Monitoring

Monitoring for this plan was broken into three types. Terminology may differ from other
regional efforts to create salmon recovery adaptive management plans, but they have been
agreed to by WRIA 9 for the purposes of this plan. The three are:
Implementation: Did we implement the plan’s projects, programs and policies as
intended?
Effectiveness: Did the projects perform as expected and have all the activities
combined improved habitat conditions as expected?
Validation: What overall effects have habitat plan implementation actions had on
the Green River Chinook salmon VSP parameters, and are the assumptions within
the plan accurate?
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We can adapt management strategies by learning the answers to the above questions and
adjusting plan priorities and activities as needed.

This plan is organized by the type of monitoring, as described above, and as shown in
Figure 1. For each type of monitoring (implementation, effectiveness, and validation), we
identify what is being done, gaps, and propose activities or guidelines.

Figure 1.

Three primary types of monitoring are used to evaluate management strategies and
adapt them as necessary

This plan also prioritizes monitoring activities in order to develop a long-term funding
strategy for WRIA 9 salmon recovery funds. The routine project effectiveness monitoring
guidelines are intended to be implemented by project sponsors under existing funding of
restoration projects, a combination of grant and jurisdiction funds. It is strongly
recommended that these guidelines are followed for consistent and scientifically defensible
measurement of the effectiveness of projects, both at meeting goals for the particular site,
and overall habitat and VSP goals. The funding and projects components of implementation
monitoring will be undertaken by both WRIA staff and project sponsors. Program
implementation will need to be monitored periodically by WRIA staff.
King County Science and Technical Support Section
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3.0

IMPLEMENTATION MONITORING

3.1

Plan Implementation

Implementation of the 2005 Salmon Habitat Plan should influence Chinook salmon
productivity and recovery in the watershed. While there are strategies in the Salmon
Habitat Plan that describe programs and policies, and projects, this document does not
directly address policies and programs. This section focuses on if the projects we are
implementing are meeting habitat plan targets as described in Table 1. Knowing the status
of the projects called for in the Salmon Habitat Plan, as well as the quantity and quality of
habitat, will be important as the WRIA 9 stakeholders evaluate the effectiveness of
recovery actions to date and update the Chinook recovery plan.

To adaptively manage plan implementation, the ITC will review the status of the goals in
Table 1. The ITC will use the adaptive management decision framework (see Figure 2) to
evaluate and prepare recommendations to the WRIA 9 Forum of Governments (Forum) of
Salmon Habitat Plan projects, polices, or programs that need to be initiated or accelerated
in order to get the implementation timeline back on schedule. The framework includes
three primary steps or questions. Question one asks if the target been achieved or on target
to be achieved? If no, question two asks does the strategic assessment or new research
change our understanding of the current context? Question three asks if the metric we are
using to evaluate progress is the correct metric or if we need to update the metric. These
questions are evaluated against a set of factors limiting implementation, which would also
provide guidance for potential changes in course to address the lack of progress. These
limiting factors include habitat losses offset gains, insufficient funding, lack of
opportunities or landowner willingness, insufficient funding or capacity, and information
gaps. The type of limiting factor helps set context around the recommended adaptive
management action.
The Forum will consider the ITC recommendations and make commitments of staff or
other resources to take action to remedy obstacles to implementation.
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Figure 2.

WRIA 9 Adapative Management Decision Framwork.

3.2

Project Implementation

Detailed information about how projects are constructed, including the amount and type of
each habitat created and the cost is needed in order to assess overall plan implementation.
Previous efforts to describe progress of plan implementation were very challenging
because there were no consistent expectations or regular reporting requirements. As part
of the 2020 Salmon Plan update there will be a standard project status reporting
mechanism and schedule so that information is reported to the WRIA in a timely manner to
better track implementation of plan goals. Within three months of project completion,
project sponsors will be required to report on final project outcomes and future
stewardship activities by filling in the Project Completion Close Out form, which will
automatically get submitted to the WRIA 9 Habitat Project Coordinator. This data will be
entered into the Habitat Work Schedule at http://hws.ekosystem.us/ to ensure the data is
available to the public.
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Adaptive Management Process for Project Implementation
An important component of project implementation is the comparison of the final design
plans to the as-built completion plans created immediately after construction is complete.
As-builts are project design drawings of the restoration project that are created shortly
after construction and describe what was actually constructed versus what was on the
design plans. An as-built can be created by modifying the existing design plans based on
changes known to have occurred during construction or by undertaking a new site survey,
which would be more costly, but is recommended if there has been a large amount of earth
moving. The importance of having an as-built cannot be overstated. Without an as-built it is
generally not possible to reliably track the physical changes occurring at any site. As-builts
should be created as soon as possible, preferably before the upcoming flood season so the
as-built conditions are not conflated with changes created by flood flows. Projects that get
SRFB money for construction are now required to provide an as-built (see Appendix D-4:
Construction Deliverables, RCO Manual 18, Salmon Recovery Grants).
As-built plans allow comparison to the project as approved by the ITC, WEF, and funding
agencies, as well as documentation of the amount of different habitats that were built as
part of the project in order to accurately track our progress towards the implementation
goals and targets. The following are adaptive management roles and actions for project
sponsors, the ITC, and the Forum.

Project Sponsor Action: Submit an as-built drawing to WRIA 9 Habitat Projects
Coordinator. Compare final design to as-built drawings/designs. If the as-built does not
represent the permitted final design, project sponsor should describe why in the Project
Completion Close Out Form submitted post completion. The Habitat Project Coordinator
will evaluate if the extent of changes needs to be reviewed by the ITC or the Project
subgroup.

ITC actions: Review project sponsor analysis and make recommendations as needed. The
ITC will respond based on type of issue, including the potential outcomes noted below:

1) Site condition different than anticipated (e.g. more contaminated soils, buried
riprap, bedrock, etc.).
2) Recommend the project sponsor increase future project budgets to undertake more
site reconnaissance in design/feasibility, and/or include a higher contingency.
3) Recommend that ALL sponsors of a specific project type or within a geographic area
undertake a higher level of site reconnaissance than normal in design/feasibility.
(implicitly assumes that ITC will support higher project costs of this nature)
4) Contractor error
o Request the project sponsor work with contractor to have the contractor
take corrective actions to address problems found.
o Recommend project sponsor increase future project budgets to include more
construction oversight.
5) Other-ITC respond as necessary.
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Forum actions: The Forum will consider ITC recommendations and may assign or procure
other resources to advance efforts to expand the current project or propose another
project concept to enhance or address omitted project elements.
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4.0

EFFECTIVENESS MONITORING1

4.1

Project Monitoring

Monitoring to determine project effectiveness has been somewhat inconsistent, and
frequently includes only required permit conditions. Typically, most local and state permits
only require monitoring plant survival over three to five years after the project has been
implemented. For most WRIA 9 projects, this level of monitoring does not provide enough
information to understand if the project has successfully created and maintained the type
of habitat anticipated from the project. Additionally, much of the other monitoring in the
basin has similarly been started after the restoration was done, without proper controls or
reference sites making conclusions from the monitoring less reliable.

Monitoring plans should specifically address the goals and objectives of the particular
project. The ITC encourages project proponents to start creating monitoring plans when
they reach the 30% design phase. This would allow for pre-project monitoring to begin
prior to implementing the project, if appropriate. Additionally, the ITC recommends when
possible using a Before-After Control-Impact (BACI) monitoring design, as it provides a
solid scientific basis for the results. The ITC can provide assistance in developing aspects of
the monitoring plan if the sponsor needs assistance
The project effectiveness recommendations in the MAMP build on the Implementation
Guidance Report (WRIA 9 Adaptive Management and Monitoring Workgroup and Anchor
Environmental LLC 2006). That report provided general recommendations for the types of
projects or issues that sponsors should monitor, but it did not provide detailed
recommendations. This created variability in how project sponsors have monitored
restoration projects, which has led to challenges in how to summarize effectiveness. The
new recommendations are more detailed with the intent of promoting uniformity in how
project success is described and reported back to the WRIA and other funding partners.

For this report, project effectiveness was broken into two types: routine and enhanced. It is
expected that routine monitoring will be done on all projects as existing sponsor funds
allow and should satisfy permit conditions as well as provide basic information about
whether the project continues to function as intended. Routine monitoring includes very
little biological monitoring, but rather relies mostly on physical habitat measurements to
document performance and changes. For instance, routine monitoring of riparian
vegetation should include evaluating the percentage of aerial cover that is occupied by nonnative invasive plant species. Enhanced project effectiveness monitoring is more intensive
and will be focused on projects with less certainty of success and higher expense. These are
discussed in more detail in the next section below.
This section pertains to high priority capital habitat restoration projects that the WRIA contributes funding
to and does not include education, stewardship or revegetation only projects.

1
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As of 2020, each restoration funding source treats monitoring requirements differently.
The SRFB recently created a pathway where the Lead Entity could use up to 10% of its
annual SRFB allocation for monitoring projects, though using these funds for monitoring is
not generally encouraged. Instead, the SRFB funds its own monitoring program that
monitors a subset of projects throughout Washington. There are generally several WRIA 9
projects being monitored by the SRFB each year. While the WRIA 9 recommended
indicators and metrics do not perfectly match the SRFB’s metrics, project sponsors should
explore ways to collaborate with SRFB monitoring efforts when possible.

The United States Army Corps of Engineers (ACOE) through the Green River Ecosystem
Restoration Projects (ERP) not only requires monitoring of their projects, they also provide
up to a 65% match to undertake the monitoring. Currently, the ACOE roughly allocates
$20,000 a year for three years of post-construction monitoring. However, this amount
could be increased to closer to $100,000 a year if the local sponsor had the ability to
provide the 35% match. The ability to leverage monitoring funds on ERP projects would
likely make them ideal for enhanced monitoring (discussed below). Projects that receive
funding through the Estuary and Salmon Restoration Program (ESRP) are able to fund
monitoring of projects through the program. Furthermore, the ESRP is currently one of the
few grant programs that funds “learning projects.” This program could be a source of
funding for enhanced monitoring efforts in the estuary and marine shoreline as well as for
exploring research priorities that are included in the Validation Monitoring section of this
report. Additionally, the WRIA directs some of its grant funding (e.g. Cooperative
Watershed Management) towards monitoring and research needs.

4.1.1

Routine Monitoring

Routine monitoring helps determine if the project is performing the way it was intended.
For example, if a backwater habitat is built to function as rearing habitat, the
recommendations suggest monitoring the number of days the habitat is inundated during
the Chinook juvenile outmigration (January through June) as well as if the amount of
physical habitat available changes over time. The recommended indicators and metrics
were specifically chosen to be generally affordable and straightforward to implement. The
primary indicators and metrics are typically focused on physical attributes of the site
versus biological. By giving simple and inexpensive recommendations, it is believed that
project sponsors will be able to undertake the recommended monitoring. If project
sponsors do not undertake the recommended monitoring voluntarily, it may be necessary
to create minimum monitoring requirements as a condition for receiving funding through
the WRIA.

It is expected that all projects will establish photo points and provide an as-built drawing.
Photo-points are an extremely useful way of visually communicating the change that is (or
isn’t) occurring at a site. Without an as-built drawing it is generally not possible to reliably
track the physical changes occurring at any site. Projects that get SRFB money for
construction are now required to provide an as-built.
King County Science and Technical Support Section
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The monitoring recommendations for a particular project are in Table 2 below and broken
into categories of project type and subtype, project objectives, and physical and biological
monitoring questions with indicators and metrics for each The project type typically
follows the nomenclature used by the SRFB monitoring program, while the project subtype
more closely follows the terminology from the WRIA 9 Plan. The next column includes the
primary project objective or objectives for that subtype. Defining the specific project
objective helps clarify what the physical and biological questions should be. Generally, each
project subtype has one primary objective. When there is more than one potential
objective, each objective was noted by a bulleted letter that corresponds to bullets in
following columns. The next two columns include the physical and biological questions
along with the metrics and indicator that should be used to evaluate the specific question.
In each of the two columns the questions are broken into primary and secondary questions.
It is intended that the project sponsor’s monitoring plan should at a minimum answer the
primary questions. While the secondary questions would help refine how project success is
described and reported, including is entirely up to the discretion of the project sponsor.
Where the overall project includes more than one project subtype (e.g., planting combined
with a levee setback), the project sponsor would answer the primary monitoring questions
associated with each project subtype.

King County Science and Technical Support Section
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Routine physical and biological monitoring recommendations by project type and subtype.
Project Type

Project
Subtype

Project
Objective

Planting

Revegetation of
riparian area,
including
conifer underplanting

Establish
vegetation (to
provide multiple
benefits i.e.
shade, leaf litter
input, food, bank
stability)

Physical monitoring questions and Indicator/metric
(Primary bolded, Secondary regular font)
N/A

Biological monitoring questions
and Indicator/metric (Primary
bolded, Secondary regular font)
1) How much aerial coverage
was created by end of year 5?
>50% aerial cover of native
species after year 5
2) What is the area of nonnative, invasive plant coverage
after 5 years compared to year
0?
<20% nonnative vegetation at end
of year 3; <10% nonnative
vegetative cover after year 5
If on a creek (not on Green River),
has the project affected instream
temperature during summer
months?
Compare temperature upstream,
within, and downstream of project
area in years 0, 3, 5, 10.
If conifer underplanting, what is the
aerial cover after 5 years? >50%
increase in aerial canopy cover of
conifers after year 10.

King County Science and Technical Support Section
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Project Type

Instream
habitat
enhancement

Project
Subtype

Project
Objective

Invasive control

To control non–
native, invasive
plant species
and allow for
native plants to
naturally recruit
or grow in their
place. (This
assumes no
replanting is
done at the
same time and
that eradication
is not possible)

LWD
installation

a) Bank
protection
b) Habitat/pool
creation,
(stream vs.
river)
c) Recruit LWD
to jams
d) Floodplain
interactionforcing channel
to migrate, split,
aggrade, etc.

King County Science and Technical Support Section

Physical monitoring questions and Indicator/metric
(Primary bolded, Secondary regular font)
N/A

a) Has bank been protected from
erosion/channel migration?
% adverse eroding bank year 0 versus year 3/after
high flows
b) Have habitat conditions improved within
project reach?
Stream-change in mean residual pool depth
between year 0 and year 3?
River- Compare amount (ft2) of edge habitat
available before and in years 1, 3, and 5. Compare
via GPS and velocity meter, mapping edge habitat
as 1.5 ft/sec or less, using a modified Beechie et al
2005 for habitat types-bank edge (unarmored, biorevetment, armored, bar edge, side channel edge,
and backwater

Biological monitoring questions
and Indicator/metric (Primary
bolded, Secondary regular font)
What is the area of non-native,
invasive plant coverage after 5
years compared to year 0?
<10% nonnative vegetative cover
after year 3

b) Did fish use respond to LWD
presence?
If evaluating for only 1 year: Higher
relative abundance of target
species in LWD/treatment habitat
than in control habitat
representative of pre-project
conditions
If using BACI: Increased difference
between abundance of target
species in LWD/treatment versus
control habitat after project than
between pre-project
LWD/treatment location versus
control habitat before project.

b) Is the wood structure providing cover?
% of wood structure in contact with flow of 1200 cfs
in years 0 versus year 3.
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Project Type

Project
Subtype

Project
Objective

Physical monitoring questions and Indicator/metric
(Primary bolded, Secondary regular font)

Biological monitoring questions
and Indicator/metric (Primary
bolded, Secondary regular font)

c) Has the number and/or size of jams increased
over time?
Compare # LWD pieces in jams and ft2 in years 0, 5,
and 10
d) Is channel more dynamic?
Compare amount (ft2) of edge habitat available
before and in years 1, 3, and 5. Compare via GPS
and velocity meter, mapping edge habitat as 1.5
ft/sec or less, using a modified Beechie et al 2005
for habitat types-bank edge (unarmored, biorevetment, armored, bar edge, side channel edge,
and backwater
Instream
habitat
enhancement

Spawning
Gravel
Supplementation

Enhance/
increase
spawning
habitat or quality
where
modifications
have limited
natural gravel
recruitment.

Has gravel remained in or moved to the places
intended for the time expected?
1) Compare substrate size distribution (longitudinal
trends in d16, d50 and d84) between years -1, 0, 3,
5
Is placed gravel as stable as reference reach?
Compare scour depth of placed gravel with
reference reach of naturally recruited gravels under
the same flow conditions.
Has gravel remained useable for spawning over
time or has it become embedded with fines or
moved into other reaches?
1) %embeddedness of spawning gravel years 0, 3,
5, 10

Fish passage

Fish passage

Provide fish
access to
habitat that they
currently do not

King County Science and Technical Support Section

Do target species and/or life history phase have
access to new habitat?
WDFW Fish passage and design criteria are met
years 0, 3, and 5
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Has redd spatial distribution
changed with supplementation?
Compare redd distribution by river
mile, in years 0, 3, 5 and 10.
NOTE: redd presence is not
recommended as a metric
because it is not a guarantee of
redd success, and documenting
redd success is risky to eggs
and fry.

NOTE: purposefully avoided
using biological presence as a
metric as absence of fish does
not prove lack of access.
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Project Type

Project
Subtype

Project
Objective

Physical monitoring questions and Indicator/metric
(Primary bolded, Secondary regular font)

Biological monitoring questions
and Indicator/metric (Primary
bolded, Secondary regular font)

1) Has the amount of intertidal habitat remained
stable?
Compare representative elevation profiles from asbuilt to years 3 and 5. Quantify ft2 of intertidal habitat
available in 2 ft. gradations from -4 to +12 MLLW.

1) How much aerial coverage of
vegetation was created by end
of year 3 and 5 (minus mudflat
areas)?
> 50% aerial cover by end of year
3, >80% aerial cover by end of
year 5

by removing
artificial barriers.
Shallow
water/Edge
Habitat

Pocket
estuaries
AND
Duwamish
Transition zone
vegetated
marsh and
mudflat (marsh
= +5.5 to +12
mean lower low
water (MLLW),
mudflat (-4 to
+12 MLLW)
habitat creation

Shallow
water/Edge
Habitat

Backwater
habitat creation
AND
Green River
side channel
creation

Create or
improve high
quality rearing
habitat in saline
or partially
saline habitats.

Create high
quality, but
mostly static,
rearing habitat
by reconfiguring
the stream
channel to be
more
hydraulically
complex.

King County Science and Technical Support Section

2) Has substrate type remained as intended?
Compare as-built (year 0) to year 3, and 5
conditions

1) Is there access to the habitat when the target
life stage is nearby?
Use elevation of inlet/outlet compared to water
levels in late winter/early spring, when juvenile
Chinook need it or use time lapse cameras to
describe number of “inundation” days, duration,
frequency, and timing of connectivity
2) Has there been deposition or erosion of
habitat? Has substrate type remained as
intended?
Compare as-built (year 0) to year 3 conditions

16

2) Are juvenile Chinook using the
habitat type?
Number and condition factor of
juvenile fish compared to a
reference site during the same
season, or to the project site
before the project was built

1) Are juvenile Chinook
preferentially using the habitat
type?
If evaluating for only 1 year: Higher
relative abundance of target
species in treatment habitats than
in control habitats representative of
pre-project conditions
If using BACI: Increase in
difference between abundance of
target species in treatment versus
control habitat after project than
between pre-project treatment
location versus control habitat
before project.
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Project Type

Project
Subtype

Project
Objective

Physical monitoring questions and Indicator/metric
(Primary bolded, Secondary regular font)

Biological monitoring questions
and Indicator/metric (Primary
bolded, Secondary regular font)

Shallow
water/Edge
Habitat

Creek channel
restoration or
relocation

Reconfigure or
restore the
stream channel
to be more
hydraulically
complex and
have a more
natural channel
configuration

1) Has habitat quality and quantity increased
post project and been maintained over time?
Between years 0, 3, and 5, changes in: mean
residual pool depth, increased diversity in habitat
types (e.g. pools, riffles), increased wetted area at a
set flow, and increased sinuosity.

1) Are juvenile Chinook
preferentially using the habitat
type?

Shallow
water/Edge
Habitat

Levee or
revetment
Setback or
removal

Allow the river to
migrate or gain
access to a
specific area of
floodplain and
create high
quality edge/off
channel habitat.

2) Has the project affected instream temperature?
Compare temperature upstream, within, and
downstream of project area in years 0, 3, 5, 10.

1) Has the length of unarmored bank increased?
Compare length of unarmored bank between years
0, 3, 5 and 10.
2) How much slow water habitat is available at
1200 cfs? (This flow level was chosen from
Anderson and Topping 2018)
Compare amount( ft2) of edge habitat available
before and in years 1, 3, and 5. Compare via GPS
and velocity meter, mapping edge habitat as 1.5
ft/sec or less, using a modified Beechie et al 2005
for habitat types-bank edge (unarmored, biorevetment, armored, bar edge, side channel edge,
and backwater
3) How much slow water habitat is available at the
50th, and 75th percentile flow during the rearing
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If evaluating for only 1 year: Higher
relative abundance of target
species in treatment habitats than
in control habitats representative of
pre-project conditions
If using BACI: Increase in
difference between abundance of
target species in treatment versus
control habitat after project than
between pre-project treatment
location versus control habitat
before project.
1) Are juvenile Chinook
preferentially using the treated
area?
If evaluating for only 1 year: Higher
relative abundance of target
species in treatment habitats than
in control habitats representative of
pre-project conditions
If using BACI: Increase in
difference between abundance of
target species in treatment versus
control habitat after project than
between pre-project treatment
location versus control habitat
before project.
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Project Type

Project
Subtype

Project
Objective

Physical monitoring questions and Indicator/metric
(Primary bolded, Secondary regular font)

Biological monitoring questions
and Indicator/metric (Primary
bolded, Secondary regular font)

period (adds higher rearing flows than #2 if sponsor
is able to undertake)
Compare amount( ft2) of edge habitat available
before and in years 1, 3, and 5. Compare via GPS
and velocity meter, mapping edge habitat as 1.5
ft/sec or less, using a modified Beechie et al 2005
for habitat types-bank edge (unarmored, biorevetment, armored, bar edge, side channel edge,
and backwater
4) Has the rate of channel migration increased?
Quantify migration rates before and after project
using either aerial photos or GPS in field to measure
bank locations and rate of migration.
5) Has the number and/or size of jams increased
over time?
Compare # LWD pieces in jams and ft2 year 0 to
years 3, 5 and 10

Shallow
water/Edge
Habitat

Armor removalmarine, at
feeder bluff

Restore
sediment
delivery to
beach and
downdrift
habitats.

6) How much high flow refuge habitat is available at
8800 cfs*
Compare amount of habitat available before and
after project via topographic surveys
Has sediment delivery increased?
% of treated shoreline with eroding banks in year 3,
5, 10
Has the amount of forage fish spawning
gravel/habitat increased?
Compare area/amount of habitat in the same
season for years 0, 3, 5 and 10
Is sediment transport moving material downdrift?
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Project Type

Project
Subtype

Project
Objective

Physical monitoring questions and Indicator/metric
(Primary bolded, Secondary regular font)

Biological monitoring questions
and Indicator/metric (Primary
bolded, Secondary regular font)

Beach profiles for site and downdrift year 0 and year
3, and 5.
Shallow
water/Edge
Habitat

Armor removal
marine, nonfeeder bluff

Enhance habitat
quality along the
shoreline
margins

Have basic beach habitat conditions improved?
1) Compare amount of detritus (beach wrack, drift
logs, etc.) between year 0 to year 3.
Has the amount of forage fish spawning
gravel/habitat increased?
Compare area/amount of habitat in the same
season for years 0, 3, 5 and 10
2) Has beach sediment remained stable?
Beach cross section profiles at same time of year for
year 0, 3, 5 and 10.

Did the benthic community
Enhance habitat 1) Is the treated beach eroding?
recovery from burial?
quality along the Annual beach cross section profiles at same time
Has the benthic/epibenthic
shoreline margin each year for 3 years
community shifted to a reference
while still
2)
Have
basic
beach
habitat
conditions
improved?
condition between year 0, 3, 5 and
restricting the
Compare
amount
of
detritus
(beach
wrack,
drift
logs,
10?
ability of the
etc.)
between
year
0
to
year
3.
shoreline to
erode.
*The inundated area at 8,800 cfs is an indicator of flood refuge habitat. It corresponds with the approximate flow level that is effective at causing
measurable channel changes in the period after Howard Hanson Dam was installed (Konrad et al. 2011). The use of this metric assumes that
inundated area at 8,800 cfs is positively related to the quantity of slow-velocity (<45 cm sec-1) flood refuge habitat. If so, maximizing area at 8,800
cfs could potentially give juvenile Chinook more opportunities to avoid displacement and injury during floods, and survive at a higher rate.
Shallow
water/Edge
Habitat

Soft shoreline
armoring
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Adaptive Management Process for Routine Project Effectiveness Monitoring
Routine project effectiveness monitoring evaluates whether a project is functioning the
way it was intended in the 3–10 years after the project is built. The timeframe for
determining effectiveness will likely be longer for projects designed to restore processes,
and shorter for projects designed to be static. The following are adaptive management
roles and actions for project sponsors, the ITC, and the Forum.
Project sponsor action:
• Monitor project, report on progress to ITC in years 3 and 5 for static projects, and
years 5 and 10 for process-based projects.
ITC action:
• Evaluate and review project sponsor analysis—if project has shortcomings,
determine if it is a result of project design or unanticipated processes that will
prevent project from being sustained, with or without planned maintenance.
•

•
•

•

Evaluate options and recommend action as needed to project sponsor and/or the
Forum (e.g., maintenance, modify the existing design, or initiating a new project to
achieve the objective, and funding if needed).

Summarize recommendations for making future projects of this type more effective
and sustainable/successful.

Recommend any additional monitoring needed to further evaluate site conditions to
project sponsor. If recommended for enhanced project effectiveness, propose to
Forum if approval for additional funding is needed.

If the project is successful, encourage project sponsors to present widely to various
audiences (e.g., WRIAs, newsletters, conferences, web sites). Recommend similar
projects and highlight the successful elements and techniques to project sponsors of
projects of similar type.
Forum action:
Consider ITC recommendations for enhanced monitoring for specific projects, or
recommended actions for maintenance, modifications of the design or new
projects. Consider approving actions and/or funding.

4.1.2

Project Monitoring-Enhanced

Enhanced monitoring is focused on understanding how fish are using a restoration project
type. Unlike routine project monitoring, which asks whether a certain type of habitat was
created and sustained, enhanced monitoring is meant to determine how fish use the
habitat, and which restoration techniques work best. While we generally know enough
about Chinook distribution and habitat preferences to design appropriate restoration
projects, we do not have all the answers. For example, past studies have compared the
relative abundance of juvenile Chinook between different control and treatment habitats,
but have not looked at condition factors to determine if restoration projects are also
contributing to higher growth rates (and thus survival) of juvenile Chinook. It should be
noted that project types that are prioritized for enhanced monitoring should not be
King County Science and Technical Support Section
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avoided, but rather, should be done and carefully evaluated. It is not suggested that this
level of monitoring be done by all project sponsors. It is intended that the WRIA should at
least partially financially support these types of monitoring projects. Also, as noted above,
several of the project subtypes are part of the ACOE ERP program. It would be strategic to
undertake enhanced monitoring efforts on ERP projects due to the ability to leverage
federal dollars for monitoring. Enhanced monitoring overlaps with the research framework
described below in the validation monitoring section of this report.
Prioritization Framework
Unlike the routine monitoring, which was focused on creating detailed recommendations,
this enhanced monitoring section focused on creating a prioritization framework to rank
where the WRIA should focus funding in its annual grant round (Table 3). Project subtypes
for enhanced monitoring are grouped based on the subwatershed. This was done because
some project subtypes have different levels of benefit or certainty based on where within
the watershed they are undertaken. For example, placement of spawning gravel within the
Middle Green River subwatershed is more likely to benefit and be used by spawning
Chinook than material that is placed in the Lower Green River subwatershed, which
historically had little available spawning habitat. Four criteria were used to evaluate the
priority of action by subbasin. Each criterion was scored from 1 to 5 and summed across
the four criteria. The higher the sum of the scores, the more effort the WRIA should put in
to understanding the benefits of that project type within that subwatershed.

Prioritization Criteria
1. What is the certainty of project benefit to Chinook? A score of 1 indicates high
certainty, and a score of 5 indicates low certainty. Higher certainty indicates a
strong scientific basis that the project type in that location will benefit Chinook.
Where there is already a strong scientific basis, there is less need to verify the
project’s benefits.
2. Is the project subtype process-based? A score of 1 indicates projects that restore
riverine processes (e.g., levee setbacks) and a score of 5 represents structural
projects that add relatively static habitat features. The plan generally favors
process-based restoration techniques because there is greater certainty that the
project will provide habitat benefits over the long term. Structural fixes tend to be
engineered and more likely to fail in the long term. Thus, it is a higher priority to
verify the benefits of those types of actions.
3. How common is the project type? How many of this type are we likely to do in the
next 10 to 20 years. A score of 1 indicates we are not planning many of the project
type in this subwatershed, while a score of 5 indicates that many are planned.
Before we make future investments in a particular type of project, we should make
sure they function as expected.
4. How expensive is the project type? Projects with relatively low costs receive a score
of 1, and expensive projects score 5. If a project type will require the investment of
large financial resources, effectiveness should be verified before many of these
project types are undertaken.
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The project subtypes were scored by the ITC and are presented in Table 3. The scoring
methodology creates a range of scores from the lowest possible score of 4 to a maximum
score of 20. The actual summed scores ranged from 7 to 17, with 7 project subtypes scoring
above 13 or greater points. The highest scoring project subtype was creating shallow water
habitat in the Duwamish subwatershed. This is because while we have fairly high certainty
of benefit, this project subtype is generally not processed based, expensive, and the WRIA
expects to build many of them over time. When the factors are combined, the score
indicates we should make certain our efforts in this location are having the benefits we
want. The 21 project subtypes were binned into three tiers based on natural break points
that created roughly equally populated tiers. Tier 1, or projects that warrant additional
monitoring the most, included projects that scored 13 points or greater. Tier 2 included six
projects that scored between 10 and 12 points. Tier 3 included seven projects that scored
from 7 to 9 points.
Enhanced project effectiveness monitoring priorities by project type and
subwatershed. Higher scores are a higher priority for enhanced monitoring.

Certainty of
Process
Relevance to future
Benefit to
Based?
projects (number
Chinook (1=
(1=process likely to do in the
next 10 yrs) 1-few to
Restoration project subtype (does not include acquisition, High to 5=low to 5 =
certainty)
Creation) 5-many
Subwatershed stewardship, fish passage, and education projects)
Duwamish
*Shallow water habitat creation
3
5
4
Middle Green *Spawning Gravel Supplementation
3
4
4
Lower Green *Backwater (nonflow thru off-channel habitat) creation
3
5
2
Lower Green Spawning gravel supplementation
4
4
1
Marine
Pocket Estuary Enhancement
5
3
2
Lower Green *Side channel (flow thru off-channel habitat) creation
3
5
1
3
4
3
Middle Green LWD installation
Marine
Soft-shoreline armoring
2
4
3
Middle Green *Setback of levee or revetment
2
2
2
Duwamish
Revegetation
2
1
4
Middle Green Revegetation
2
1
4
Tributaries
*Revegetation
2
1
4
*LWD installation
3
3
2
Tributaries
Lower Green *Setback or removal of levee or revetment
2
3
1
Lower Green *Revegetation
2
1
3
Marine
Marine shoreline armoring removal-other shoreform
4
1
1
Marine
Revegetation of riparian area
2
1
3
Middle Green Removal of shoreline armoring
2
1
2
Tributaries
*Creek channel creation or relocation
3
2
1
Marine shoreline armoring removal-feeder bluffs
3
1
1
Marine
Enhanced level of monitoring is not suggested until fish
passage is provided
Upper Basin
N/A
N/A
N/A
* denotes a project subtype that could be monitored through the ACOE Ecoystem Restoration Program

Relevance to
future projects
(likely cost over
next 10 years)
Low=1, high=5
5
4
4
4
3
4
3
2
4
3
3
3
2
3
3
2
2
3
2
2
N/A

sum Tier
17
15
14
1
13
13
13
13
11
10
10
2
10
10
10
9
9
8
3
8
8
8
7
N/A

Adaptive Management for Enhanced Project Effectiveness
Projects should be evaluated with a combination of BACI or reference/control sites
research designs depending on site and circumstances. Adaptive management roles and
actions for enhanced project effectiveness are similar to those described above for routine
project effectiveness.
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Project sponsor or evaluator action:
• Monitor fish use and report on progress to ITC in years 3 and 5.
ITC action:
• Evaluate and review project analysis – if project has shortcomings, determine if it is
a result of the specific project design, geographic location, or if it is an issue with the
project type more generally.
•

•

•
•

Determine if additional fish use monitoring should occur beyond the initial phase
and if additional information should be collected at the same time (e.g. water
quality.

Recommend any potential corrective actions as needed to project sponsor and/or
the Forum (e.g., maintenance, redesign, or initiating a new project to achieve the
objective, and funding if needed).

Summarize recommendations for future projects of this project subtype to ensure
we learn from additional examples of the project subtype.

If the project is successful, make sure this information is widely shared with other
project sponsors. Encourage project sponsors to present widely to various
audiences (e.g., WRIAs, newsletters, conferences, web sites). Recommend similar
projects and highlight the successful elements and techniques to project sponsors of
projects of similar type.
Forum action:
• Consider ITC recommendations for enhanced monitoring for specific projects, or
recommended actions for maintenance, redesign, or new projects. Consider
approving actions and/or funding.

4.2

Cumulative Habitat Conditions

The Salmon Habitat Plan calls for a variety of actions to be taken by local jurisdictions.
Some of those actions are specific restoration projects while others are regulatory or
programmatic in nature, like protecting forest cover. The intent of all the actions called for
in the plan is to improve the cumulative habitat conditions for fish over time. The
effectiveness of all the actions is represented in the cumulative habitat conditions, which
require that we know both the gains and losses to habitat parameters throughout the basin
so that we can evaluate the net loss or gain of any particular habitat metric. It is
recommended cumulative habitat conditions be reported on every 5 years.
The WRIA 9 Status and Trends Report 2005–2011 (ITC 2012), evaluated most Tier 1 and
several Tier 2 Conservation Hypotheses. While it is recommended the WRIA continue to
measure the same metrics into the future, the information has been reorganized around
recovery strategies that are part of the larger Salmon Habitat Plan update. In addition to
the tracking the same metrics as in 2012, it is recommended that two areas be added for
future status and trends evaluation. Specifically, it is recommended tracking the amount of
and change in intertidal fill along the marine shoreline. Baseline data for 2005 and 2015
have been created that allow for consistent tracking of this metric.
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At the time the Salmon Habitat Plan was developed, the existing water quality data did not
indicate a strong effect on Chinook salmon, thus all water quality parameters were
considered a moderate priority. Since the Salmon Plan was developed, three different
Temperature Total Maximum Daily Load (TMDL) studies indicated temperature is a
serious concern in the mainstem Green River, as well as in Soos and Newaukum creeks. The
2012 Status and Trends report recommended tracking water temperature in the mainstem
of the Green River in addition to the tracking water temperatures in Soos and Newaukum
Creeks.

Information on how cumulative habitat conditions will be evaluated is based on work done
for the Status and Trends report in 2012 and is summarized in Table 4. The table includes
information on: the method to be used, who is expected to collect the data, who will likely
pay for the data, how often and when the evaluation should be done, and a rough cost range
for data collection, analysis, and reporting.

Unlike the 2012 effort where the ITC dedicated most of a single year to collect and analyze
data for the report, it is the intent that some of the data and metrics in Table 4 will be
collected and analyzed each year, rather than all the information being collected and
analyzed at one time. This will spread the costs and time requirements across a five-year
period, which will make the overall undertaking more manageable and affordable with
limited resources. It is recommended that the ITC continue to annually coordinate with other
entities conducting monitoring in the watershed and evaluate opportunities to leverage
other monies and make recommendations to the WEF as to which opportunities to pursue.
For example, the ACOE undertakes large wood survey of thirty miles of the Middle Green
River every few years. This effort could be leveraged by paying the ACOE consultant to collect
the same data in the Lower Green and Duwamish. Having the same data collection methods
and same surveyors reduces startup costs and improves data consistency and the ability to
reliably analyze trends throughout the river.

King County Science and Technical Support Section

24

October 2020

WRIA 9 Monitoring and Adaptive Management Plan
Summary information on what, how, and when cumulative habitat conditions should be tracked.
Habitat Metric

Recovery Strategy

River, marine, and large
stream riparian
vegetation condition

Protect, Restore, and
Enhance Riparian
Corridors

yes

Photo interpretation of Middle Green CMZ, the banks
of the Lower Green, Soos and Newaukum Creeks,
and 200ft landward along the Nearshore (use
nearshore field surveys supplement with aerial photos)

Who collects data:
who pays for data
collection
County or regionally
consortium for photos.
WRIA would pay for
analysis.

Habitat forming high
flows

Protect, Restore &
Enhance In-stream Flows
& Cold Water
Protect, Restore, and
Enhance Channel
Complexity and Edge
Habitat
&
Protect, Restore and
Enhance Floodplain
Connectivity
Protect, Restore &
Enhance Marine
Shorelines

yes

Evaluation of # of days per water year that daily
average flow exceeds 8829cfs

yes

Feeder bluff condition by
drift cell

Evaluated
in 2012?

Method

Cost to WRIA?
Low>2k; med= 2k to 25k, high>25k

How often/when?
Every 5 years dependent on availability
of aerial photographs and staff (last
done in 2009). County wide photos
available every other year (odd years).

HIGH
~1.5 weeks per area, 5 areas to be
analyzed
(Data for Soos and Newaukum needs to be
redone, Nearshore might need to be
adjusted)

Available USGS data:
Not WRIA

Every 5 years (last done in 2009).
Analysis/write up in 2016.

LOW
Several days of staff time

Boat based surveys of banks

ITC or consultant;
WRIA

~ Every 5 years
Marine banks last surveyed in 2018, on
schedule to do in 2021.
Lower Green last surveyed in 2014.
Middle Green has not been
comprehensively surveyed since 2004.

MED-Marine
HIGH-Freshwater

no

Aerial photo and LiDAR comparison. Baseline data for
2005 and 2015 completed. Map/define shoreline edge
and compare and contrast to baseline to identify filled
or restored areas waterward of OWHM

ITC: WRIA

Every 5 years.
Update could be done based on 2019
or 2021 aerial photos.

MED to LOW.

Protect, Restore &
Enhance Marine
Shorelines

yes

Primary analysis relies on shoreline armor data to
determine impact of changes in shoreline armoring on
sediment processes

ITC or Consultant;
WRIA

~Every 5 years. Relies on data from All
6 being updated.

LOW
Several days of staff time to evaluate and
write up.

Shallow water habitat
amount/condition in the
Duwamish.

Protect, Restore and
Enhance Estuarine
Habitat

yes

ITC or consultant:
WRIA

Integrate Agricultural
Protection and Salmon
Recovery Initiatives
&
Protect, Restore, and
Enhance Channel
Complexity and Edge
Habitat
Protect, Restore, &
Enhance Sediment &
Water Quality

yes

Last evaluation of newly created habitat
done in 2009. Limited baseline of
shoreline condition established in 2004.
No baseline of shallow water habitat
amount exists.
Baseline data in Lower Green last
collected in 2014.
Baseline data for wood in the Middle
Green last collected in 2019.
Baseline data in Upper Green was last
collected in 2019

HIGH

River aquatic habitat
condition/complexity
(wood and pools)

Evaluate area of shallow water habitat created for net
gain and linear feet of shoreline bank restored.
Combine project reporting data with aerial photo
analysis of losses and potential natural gains similar to
analysis for nearshore fill.
Habitat data needs to be collected in the field. Metrics
include pieces of large wood and number of wood
jams per mile, pools per mile, pool % by length, avg
residual pool depth, dominant pool forming factor, %
pools formed by wood.

General watershed health will be evaluated by
analyzing trends in benthic index of biotic integrity
scores.

King County and
various jurisdictions
independent of salmon
recovery for lower
basin.
Upper basin: WRIA

Compile data every 5 years. Previous
analysis only included subbasins
flowing into the Mainstem Green River.
Future analyses should include direct
nearshore drainages (data is available
for many) and possibly the upper Green
River every other year.

MED—below HHD, 1 week of analysiswrite up
MED-Upper basin (no data currently,
baseline would need established)

Riverbank and marine
shoreline armoring

Marine intertidal fill

Benthic Invertebrate
condition of streams
throughout watershed

yes
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Evaluated
in 2012?

Habitat Metric

Recovery Strategy

Method

Forest and impervious
cover throughout the
basin

Protect, Restore, &
Enhance Sediment &
Water Quality

yes

Use Coastal Change Analysis Program (CCAP) land
cover data to evaluate forested conditions. Use CCAP
data modified for impervious surface conditions.

Chinook Salmon
passage up and
downstream of Howard
Hanson Dam.
Number of days river,
Soos and Newuakum
Creeks violate State
water temperature
standards

Restore and Improve
Fish Passage

no

Protect, Restore, &
Enhance Sediment &
Water Quality

no

This requires minimal tracking and no analysis. Once
fish passage is provided there will be many
opportunities to leverage required monitoring by TPU
and ACOE
Use continuous temperature data collected at
mainstem sites located at the Koss and Upper Green
River sites above the reservoir and two sites below the
reservoir. Compare number of days the Green violated
State standards
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Who collects data:
who pays for data
collection
NOAA collects land
cover data. WDOE has
modeled impervious
surface based on
CCAP data.
None

King County restarted
collecting data in 2013
for two sites below
reservoir. Tacoma
collects data above the
reservoir.

Cost to WRIA?
Low>2k; med= 2k to 25k, high>25k

How often/when?
CCAP data is collected every 5 years.
2016 was the last year data was
collected

LOW. Several days of staff time.

Once a year check in on status of
downstream fish passage facility.

none

Compile and evaluate data every 5
years.

LOW 1 to several days to evaluate and
write up data.
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Adaptive Management for Cumulative Habitat Conditions
The ITC will prepare a summary of environmental indicator conditions in the watershed
compared to the baseline conditions every five years. The summary will classify all
environmental indicators investigated as improving, staying the same, or degrading. This
information will be compared to the watershed-wide implementation monitoring to gain
insight on whether activities to date address the environmental indicators. If so, but the
environmental indicator conditions continue to decline, then it means that habitat is being
lost faster than it is being gained.

The ITC will prepare recommendations of projects to conduct (or project timelines to
accelerate) and policies, programs, and regulations that can be useful in stopping habitat
loss and providing an overall improvement in habitat. These recommendations will include
consideration of:
•
•
•

Are there incomplete projects in the Salmon Habitat Plan that could improve habitat
conditions in ways that would appear in environmental indicator monitoring?
Does it appear that un-enforced regulations are contributing to the degradation
and/or is there a need for additional regulations?

Are there programs in the Salmon Habitat Plan that could improve conditions that
are not being implemented, or is there a need for additional programs?

The Forum will consider the ITC recommendations and make commitments of staff or
other resources to take action to implement more projects or programs, enforce
regulations, or develop new policies, programs, or regulations to address the issue(s).
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5.0

VALIDATION MONITORING

5.1

Population Status-Viable Salmonid Population
Parameters

The central question when working towards salmon recovery is, what is happening with
the Chinook? Specifically, we need to know the status (abundance, productivity,
distribution/spatial structure, diversity) and long-term sustainability of the Green River
Chinook population. These are described by NOAA as Viable Salmonid Population (VSP)
parameters. These measures of population status tell us whether the cumulative actions of
society and the Salmon Habitat Plan are resulting in improvements in population’s overall
resiliency. There are factors outside the scope of the Salmon Habitat Plan that affect adult
population abundance—i.e., ocean conditions, harvest rates, hatchery management, other
Puget sound stock abundance (WRIAs 7, 8, 9, and 10)—so it is important to focus on
aspects of the population that are predominately affected by WRIA 9 habitat actions.
Table 5 shows VSP parameters, what each is intended to represent, how they will be
measured, and who is collecting data associated with them.
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VSP
Parameter
Productivity

Viable Salmonid Population parameters, and who and how they are being measured in WRIA 9.
What is it?

What does it mean?

How is it being measured?

Who is measuring?

The performance
of fish during
each life stage

The natural-origin spawners will produce
sufficient juveniles to grow the population over
the long-term, withstand unproductive ocean
cycles, and provide an abundance of returning
adults without subsidies from the hatchery.

Abundance

The number of
natural origin fish
in a population

Green River Smolt Trap is operated
by Washington Department of Fish
and Wildlife (WDFW), and is jointly
funded by ACOE, Tacoma Water,
WRIA 9, and WDFW.
WDFW and MIT count spawners.
Otolith data for #5 would need to
be paid for and collected separately
from existing programs.
WDFW and (MIT) collect and
report the data. Data is available
via WDFW’s SCORE database.
NOAA’s Salmon Population
Summary Database includes a
Puget Sound wide uniform
escapement method to generate
population numbers.

Spatial
Structure

The
configuration,
quality, and
dynamics of
salmon habitats
and salmon
dispersal among
habitats
Genetic, physical,
and behavioral
differences
among and within
populations

Sufficient numbers of Chinook exist to be
resilient to disturbances and variation in the
environment, allow for negative feedbacks to
stabilize the population size, maintain genetic
diversity, and provide ecosystem benefits such
as marine-derived nutrients. When the
population is too small, the population is
vulnerable to crashes from positive feedbacks
that reduce survival as abundance declines,
and may suffer from inbreeding.
The spatial structure is maintained by a net
balance of habitat creation and destruction,
natural rates of genetic exchange between
populations, the presence of some room to
explore (unused but suitable habitat), and by
some highly productive subpopulations that
can prop up less productive ones.

Spawner surveys and juvenile
outmigrants moving downstream at RM
34, since 1999. (1) Egg-to-migrant
survival; (2) Median short-term
population growth rate of natural-origin
spawners; and (3) Recruits per naturalorigin spawner; (4) 5-year average of #
of parr; (5) proportion of adults from fry
life history type.
Number of natural origin spawners
annually through spawner surveys

Broad redd distribution data by river
reach is collected during spawning
surveys, but a metric to track this
parameter has not been developed due
to the large reaches the co-managers
use to summarize spawners.

WDFW and MIT have collected
detailed redd locations in some
years, but not consistently. Not
currently evaluating this metric
due to the coarse resolution of
the data.

(1) Percent of total river-spawning
adults that originated from a hatchery;
(2) timing of fry and parr outmigration;
and (3) proportion of older (5 and 6
years) spawners in natural-origin
returns. (4) Median peak spawn timing
(want to see it moving later in year and
greater range)

Green River Smolt Trap (see
above) and adult counts by
WDFW and MIT (also in NOAA’s
Salmon Population Summary
Database)

Diversity

Natural patterns of run timing, age, size, egg
production, body shape, behavior and genetic
diversity still dominate the population. Fish
may disperse unimpeded and gene flow
continues with little alteration.
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Gaps in VSP monitoring
Spatial structure is an important VSP parameter that influences the ability of a population
to adapt to habitat complexity. Chinook spawning distribution data by reach has been
collected by the co-managers for several decades. In several years, an effort was made to
GPS each redd location during the spawning surveys, but this is not consistently done. It is
recommended that the WRIA work with the co-Managers to facilitate the collection of
detailed location information so that the WRIA can create a metric to measure and track
spawning patches (i.e. finer scale redd distribution). This will become more important in
the future when passage is provided at Howard Hanson Dam, and spawning distribution
may shift due to a doubling of the spawning habitat.

Currently, smolt outmigration is measured just above the confluence with Soos Creek, at
River Mile 34; there is no smolt trap lower on mainstem to determine productivity of lower
river rearing habitats. While Muckleshoot Tribe maintain a smolt trap on Newaukum Creek
the data for that trap is not available for analysis. The WRIA 9 Chinook Salmon Research
Framework (Ruggerone and Weitkamp 2004) recommended an additional smolt trap at
River Mile 18 after the fish passage facility is installed at the Howard Hanson dam. A smolt
trap was installed at this location for a short period in 2003, but it was done for a specific
research project and was not considered an ideal site for trapping (King County 2013). A
new approach to tracking juveniles in the lower Green River will be undertaken in 2021
using Passive Integrated Transponders (PIT). Once the results from the PIT tagging study
are complete, the ITC should evaluate if it is appropriate to fund the PIT tagging array in
the long term to quantify habitat use and survival through the lower Green.
The smolt trap at River Mile 34 is a high priority. The smolt trap facilitates “fish in-fish out”
monitoring. In combination with spawning abundance estimates, this trap is used to
measure egg to migrant survival for each brood year and to collect data on aspects of life
history diversity. It is the best available measure of salmon productivity in freshwater
given the range of inter-annual variability with flood events and other factors. VSP
monitoring needs to be done annually without breaks due to natural variability in
populations. Over long time periods, data from the smolt trap can help detect changes in
productivity and life history diversity which should result from the cumulative habitat
restoration being undertaken. The smolt trap funding has been in doubt at various times.
The current funding approach relies on contributions from four government entities and it
is unclear how long this approach will be viable. A long-term regional funding plan is
needed to ensure the trap continues operating.

5.2

Ongoing Research and Data Gaps

In 2004 the WRIA 9 Technical Committee created the WRIA 9 Chinook Salmon Research
Framework to “provide guidance about which research efforts should be implemented in
the Green/Duwamish and Central Puget Sound Watershed to inform recovery planning”
(Ruggerone and Weitkamp 2004). Existing information was used to create a conceptual
model of how Chinook salmon use the watershed to help organize and prioritize data and
knowledge gaps for future research. Research topics were categorized into three tiers.
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Topics in Tier 1 were developed in more detail within the report while Tier 2 and 3 topics
were left undeveloped.

Since 2004 many data gaps have been addressed or at least partially addressed through
various studies. However, as is typical with research, for every question answered many
more new questions are created. We now know some items originally listed as lower
priorities in 2004 should actually be considered higher priorities and our list of data or
knowledge gaps has expanded. There have been many reports with recommendations for
additional research. Two newer reports that that compiled and described many new
research needs are the WRIA 9 Status and Trends Report (ITC 2012) and the plan update
white paper on Chinook use, temperature, climate change, and contaminant (King County
2017a, 2017b, 2017c, 2018). Given the fluidity of our state of knowledge, it was not
deemed appropriate to expend significant resources in updating or amending the research
framework within the MAMP when it will be out of date shortly thereafter.

Instead, it is recommended that the ITC still use and refer back to the research framework
as it has laid out many issues in need of additional study as well as possible methods and
approaches to addressing the data gap while at the same time taking into account newer
information generated since 2004. For example, there are several studies recommended to
improve our understanding around how fry use the estuary, but these studies do not take
into account our new understanding of how contaminated substrates may be driving the
very low survival.
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6.0

RECOMMENDATIONS

Adaptive management involves using monitoring results to make changes to the Salmon
Habitat Plan and projects, and requires testing assumptions, and sharing what is learned
with the people implementing the plan and projects. Implementing this monitoring and
adaptive management plan will be the backbone of our ability to say if recovery actions are
working. This plan has identified the monitoring needs for WRIA 9 as it nears the end of the
first 15 years of the Salmon Habitat Plan implementation and enters the next phase of
salmon recovery with the first major update to the Salmon Habitat Plan. Findings from the
monitoring efforts will allow the WRIA 9 stakeholders to adaptively manage for salmon
recovery with the latest information about the pace of project and program implementation,
the effectiveness of projects, and their effects on the abundance, productivity, diversity, and
spatial structure of Chinook salmon.
In recent years, the WEF has dedicated a proportion of its local resources to monitoring
and research needs. It is recommended that the WRIA continue to do so given the need to
describe if the Plans actions are leading to changes in the Chinook VSP parameters.
Specifically, it is recommended that the WRIA shift the current monitoring and research
grant selection process into a more formal process than it has been. This will allow the
WRIA 9 ITC to review and balance the various types of monitoring needs each year. It is
expected the monitoring and research grant funding will predominately be directed at,
cumulative habitat condition data collection and analyses, smolt trap funding, and some
amount of enhanced monitoring and new research to address knowledge gaps.

Specific adaptive management actions and roles are described for each type of monitoring
in the sections above and are summarized below.

Implementation Monitoring Priorities
In order to track how the Salmon Habitat Plan is being implemented, it is recommended
that project sponsors report project funding and habitat accomplishments to the WRIA 9
Habitat Projects Coordinator within 3 months of project completion. Additionally, it is
recommended that WRIA 9 staff report in writing on a biennial basis on the status of
Salmon Habitat Plan implementation related the habitat targets for each subwatershed, as
listed in the implementation monitoring section (chapter 3) of this plan.

Project Effectiveness Monitoring Priorities
The routine monitoring for projects suggested in this report were prioritized because they
should be relatively easy and inexpensive to collect and frequently integrate with permit
required monitoring. Routine monitoring for individual project effectiveness should be
paid for by project sponsors or grants they receive for project construction, where
monitoring costs are allowed. While not encouraged, project sponsors or other groups may
also apply for WRIA directed grants for routine monitoring and maintenance, but a high bar
should be placed by the ITC to justify why the normal expectations should be discounted.
Some projects with more risk or uncertainty in outcomes should be monitored more
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intensively with funding support by the WRIA under enhanced project monitoring. It is
recommended that the WRIA 9 dedicate some funding each year to enhanced project
effectiveness monitoring in order to learn more about if specific project types are having
the desired benefits. Opportunities to partner with the Army Corps of Engineers on
enhanced project effectiveness monitoring for projects in the ERP should also be pursued
whenever possible in order to leverage WRIA dollars.

Cumulative Habitat Conditions
For cumulative habitat conditions, the strategy recommended is to whenever possible use
data from existing monitoring efforts that are already occurring, and to leverage those with
the agencies or groups doing the monitoring to expand the efforts to fill any gaps. Also, in
some cases, WRIA 9 staff and partners, especially from the ITC, may be able to meet
monitoring needs at no extra cost to WRIA 9. Data and evaluation of cumulative habitat
conditions should be undertaken each year in order to spread out the tasks and make them
manageable with limited staff resources. The sum of all those conditions should be
reported on once every five years.
Validation Monitoring
A backbone of any monitoring effort is knowing how the fish are doing. The comanagers
currently collect most necessary data on adults returning to the Green River. In 2013 when
the smolt trap was likely to be funded only once every 10 years due to budget constraints,
the ITC recommended that the WRIA contribute to its funding. This is because the smolt
trap data is at the heart of our ability to say if the changes in habitat are resulting in
changes in Chinook VSP parameters. The trap has been in place for over 20 years, and data
compilation and analyses from that data recently provided many valuable insights into
recovery efforts (Anderson and Topping 2018). Thus, the ITC strongly recommends
continuing to work with basin partners to fund the smolt trap until a more appropriate
regional funding source can be found.
It is suggested the ITC continue in its existing approach to ranking and funding priorities
for research to fill data and knowledge gaps. Small investments in this type of work has
provided useful information for the plan update, like the juvenile Chinook use of non-natal
stream habitats in the Lower Green, which has raised the importance of restoring access to
those habitats.
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Recovery Strategies
Recovery Strategy

Subwatersheds

Restore and Improve Fish Passage

All

• Fish passage barrier removal

(1)

Protect, Restore and Enhance
Floodplain Connectivity

Lower & Middle
Green

• N/A

(4)

Protect, Restore, and Enhance
Channel Complexity and Edge
Habitat

Lower, Middle &
Upper Green

• Gravel and wood supplementation

(2)

Protect, Restore, and Enhance
Riparian Corridors

All

• Regreen the Green Revegetation
• Noxious/invasive weed removal
• Site stewardship and maintenance

(5)

Protect, Restore, and Enhance
Sediment and Water Quality

All

• Pollution Loading Assessment
• Pollution Identification and Control
• Creosote Removal

(7)

Protect, Restore and Enhance
Marine Shorelines

Marine Nearshore

• Private landowner toolbox
• Shore Friendly Technical Assistance
• Nearshore acquisition strategy

(5)

Protect, Restore and Enhance Estu- Duwamish
arine Habitat

• Implement Duwamish Blueprint

(3)

Protect, Restore and Enhance
In-stream Flows and Cold Water
Refugia

Lower, Middle &
Upper Green

• Watershed management plan
• Upper Green Watershed Strategy

(5)

Expand Public Awareness and
Education

All

• Behavior change communication plan
• Volunteer stewardship
• Community science and monitoring
• Shoreline workshops

(2)

Integrate Agricultural Protection
and Salmon Recovery Initiatives

Lower & Middle
Green

• Farm conservation plans
• Livestock program

(2)

Integrate Salmon Recovery into
Land Use Planning

All

• Restoration incentives
• Compliance monitoring and enforcement

(10)

Plan Implementation and Funding

All

• Basin stewardship
• Land Conservation Initiative
• Green/Duwamish Ecosystem Restoration
Program

(7)
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Programs

Policies

Green-Duwamish
Green-Duwamishand
andCentral
CentralPuget
PugetSound
SoundWatershed
WatershedSalmon
SalmonHabitat
Habitat2021
2021Update
Update

Published by the

Green/Duwamish and Central Puget Sound Watershed
Water Resource Inventory Area 9 (WRIA 9)

City of Algona
City of Auburn
City of Black Diamond
City of Burien
City of Covington

City of Des Moines
City of Enumclaw
City of Federal Way
City of Kent
King County

City of Maple Valley
City of Normandy Park
City of Renton
City of SeaTac
City of Seattle

City of Tacoma
City of Tukwila
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