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Seattle

2016 State of Our Watersheds Report
Olympic & Kitsap Peninsulas

We are in the middle of challenging 
times. Our natural resources are facing 

many threats – a multitude of ESA listings 
and decreasing populations for subsistence 
and commercial salmon species, and in-
creasing shoreline development and hu-
man population growth. In addition, we’re 
dealing with new threats, such as climate 
change and ocean acidification. We are 
struggling to manage, conserve, enhance 
and protect our declining and threatened 
salmon populations. Restoration and recov-
ery efforts are more important than ever 
before as we realize the realities we face of 
new threats and a critical need for immedi-
ate action.

– Paul MccolluM

natural resources director

Port Gamble 
S’Klallam Tribe
The Port Gamble S’Klallam Tribe is part of 
the Klallam Band of Indians that has resided 
throughout the Strait of Juan de Fuca, Hood 
Canal and Port Gamble Bay for generations. 
The northern Hood Canal and WRIA 17 water-
sheds have remained largely rural and forest-
ed with a natural resources-based economy 
focused on shellfish harvesting, commercial 
forestry, commercial fisheries, tourism and 
agriculture. Major land-use impacts on salm-
on habitat have occurred from floodplain and 
shoreline development, road construction and 
past logging practices. This report will focus 
on the WRIA 17 basin and surrounding ma-
rine waters, which is only a portion of the area 
where the Port Gamble S’Klallam Tribe works 
and manages.
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The Port Gamble S’Klallam Tribe’s Focus Area for this report 
encompasses the northeast corner of the Olympic Peninsula in the 
rain shadow of the Olympic Mountains, and south to the Hamma 
Hamma watershed. The area includes many smaller watersheds 
that drain the low elevation terrain of the Kitsap Peninsula and 
the steep eastern slopes of the Olympic Mountains into the Hood 
Canal, Admiralty Inlet and the Strait of Juan de Fuca. 

The Hood Canal and eastern Strait of Juan de Fuca are home 
to salmonids and shellfish, which are culturally and economical-
ly important resources to the Port Gamble S’Klallam Tribe. With 
the signing of the Point No Point Treaty of 1855, the S’Klallam 
Tribes retained the right to fish, hunt and gather in their Usual and 
Accustomed areas. These treaty-reserved rights were affirmed by 
Judge Boldt in the U.S. v. Washington ruling (the Boldt decision), 
in the 1994 ruling by Judge Rafeedie affirming tribal shellfish har-
vest, and several other court cases. Although considerable portions 

of the Tribe’s Focus Area are contained within Olympic National 
Park or U.S. Forest Service wilderness, much of the upland, shore-
line and floodplain areas are heavily impacted by land use, devel-
opment, roads and historic logging.

Technical analyses have identified the significant habitat lim-
iting factors for decline of the region’s salmonid populations as:

• Estuarine habitat loss and degradation; 
• Loss of channel complexity from loss and recruitment of 
 large woody debris; 
• Scouring from high water flows in the winter months and low 
flows in the summer months; 
• Floodplain modifications and loss of wetlands; and 
• Sediment aggradation.1

Degradation of WRIA 17 and Northern Hood Canal

The recovery strategy pursued for the Focus Area has been the 
protection and restoration of shoreline and estuary habitat. Land-
owner involvement and incentives for good stewardship were seen 
as critical components of this effort as most of the land adjacent to 
these critical areas is privately owned.

The existing regulatory protection tools have been viewed as ad-
equate for recovery “if watershed development occurs as expected 
and current regulations are maintained or improved and adequately 
implemented.”2 Development pressure is testing this assumption.

At the 10-year mark of the Puget Sound Salmon Recovery Plan, 
a review of key environmental indicators for the WRIA 17 and 
northern Hood Canal area shows degrading water quantity and 
quality, increasing impervious surface areas and degrading marine 
shoreline habitat conditions remain priority issues, while some im-
provements are occurring with restoration efforts. In general, there 

is a shortage of staff at all levels (e.g., federal, state, tribal, county) 
needed to address the issues and implement actions to restore and 
protect habitat and to monitor and enforce compliance of existing 
regulations. In addition, funding shortfalls for large-scale projects 
contribute to the slow pace of progress.

Landowners Critical to 
Recovery Efforts

Recovery Efforts Lagging

An example of modified shoreline in northern Hood Canal.
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The Port Gamble Tribe’s priorities center 
around the protection of Hood Canal and 
Port Gamble Bay and the resources they 
provide for current and future generations. 
Many of their future efforts are intended 
to enhance and protect existing resourc-
es, such as beach seeding and enhance-
ment through a shellfish nursery floating 
upweller system in Port Gamble Bay and 
protecting the Hood Canal from impacts of 
stormwater pollution.

Greater focus and effort is required in 
conservation measures and restoration ac-
tivities to offset negative habitat trends. 
Enhancement and restoration efforts in the 
Focus Area are not on pace to achieve the 
identified 10-year goals due to the lack of 
funding, staff capacity and landowner ex-
pectations.3 Additionally, upgrading the 
regulatory framework that serves to protect 
salmon habitat must occur if the underlying 
assumption to meet all the recovery goals is 
to be realized – that existing habitat will be 
protected from loss.4 Obviously, the 1999 
recovery goals of keeping impervious cov-
ered areas maintained at or within the 10% 
threshold and rural growth rate of 1.08% 
have not been realized. A monitoring pro-
gram on habitat status and trends should be 
implemented in conjunction with this reg-
ulatory reform to determine if observable 
differences can be detected as a result of 
implementation of new land-use regula-
tions.

Climate change is emerging as a key 
priority for the Port Gamble S’Klallam 
Tribe. More science is needed to better 
determine the potential impacts of climate 

change including sea level change, ocean 
acidification and changes in temperature. 
Understanding the potential impacts is im-
portant, but it must be followed by actions. 
The Tribe plans to determine what the envi-
ronment may look like in three generations 
and address the management challenges it 
presents to ensure that fishable and harvest-
able resources are sustained. 

The Port Gamble S’Klallam Tribe is try-
ing to secure healthy and sustainable salm-
on populations, as well as access to them, 
for future generations with very limited 
resources. Another concern is with the pop-
ulation and availability of cockles, which 
are an important subsistence fishery for the 
Tribe.

The Tribe has placed much of its energy 
into nearshore work, including acoustic, 
beach seine, and tow-netting studies to bet-
ter understand the early marine life history 
of juvenile salmon. The Tribe is looking at 
associated limiting and/or constraining fac-
tors with juvenile salmon and forage fish 
relating to their nearshore habitat use, de-
pendence and impacts from the large areas 
of altered shorelines.

The Port Gamble S’Klallam Tribe is in-
volved in many projects to further under-
stand and protect the resources within their 
Focus Area. The Tribe is one of many part-
ners working to determine how the Hood 
Canal Bridge impacts salmon and steel-
head migration. The anthropogenic impacts 
on the water quality of the Hood Canal and 
Port Gamble Bay are of great concern to 
the Tribe. The cleanup efforts of Port Gam-
ble Bay remain a priority for the Tribe as is 

the Pollution Identification and Correction 
program, which they would like to see ex-
panded. 

Further research on using DNA to iden-
tify source pollution has also emerged as 
a priority for the Tribe. Other emerging 
concerns include the contaminants found 
in fish that is consumed and any associated 
effects on human health.

Review of the status of these key environmental indicators since the 2012 State of Our Watersheds report shows a steady loss in habitat 
but improvement in restoration efforts:

Looking Ahead

Habitat biologist Hans Daubenberger 
prepares the hydroacoustic equipment for 
launch in Port Gamble Bay.
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Shoreline Modifications/Forage Fish Impacts

2004-2014 saw an increase of new armoring in all four counties in this region. About 45% of shoreline
has been modified or armored.
Survey data from 1970 to 2012 shows about 41% of inventoried sand lance and surf smelt spawning
habitat has been modified and of that 11% has been armored.
From 1970 to 2012, Port Gamble Bay herring stocks decreased from a status of healthy to depressed,
showing potential relationships between fish decline and shoreline armoring and climate change. By
2014, about 50% of the herring spawning areas inventoried were either modified or armored.

Declining

Water Wells
Water well logs increased nearly 185% in the Focus Area between 1980 and 2014. From 2011-2014, an 
increase of 164 wells, over 50 (30%) were installed in watersheds that are closed to new withdrawals. Declining

Impervious Surface
From 2006-2011, impervious surface increased by 1%. 36 of 328 sub-watersheds had impacted (7-12% 
impervious surface) habitat conditions in 2011. Over 140 subwatersheds had increases in impervious surfaces. Declining

Restoration
Long-awaited cleanup and restoration of Port Gamble Bay commenced in the fall of 2015. The project will 
remove 70,000 cubic yards of contaminated sediment and wood waste and over 6,000 creosote pilings. Improving

The Tribe continues to work toward the protection and restoration of healthy and functional nearshore, estuarine and river habitat, 
restoring those areas that are degraded, and conducting research to understand the organisms and the habitats they occupy.
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Data Sources: SSHIAP 2004,1 USFWS 2014,2 WADNR 2014a,3 WADNR 2014b,4 WADNR 2014c,5 WADOT 2013,6 WAECY 1994,7 WAECY 2011a,8 WAECY 20139

The Focus Area for the Port Gamble 
S’Klallam Tribe encompasses the northeast 
corner of the Olympic Peninsula in the rain 
shadow of the Olympic Mountains, south 
to the Hamma Hamma watershed. The area 
includes many smaller watersheds that 
drain the low elevation terrain of the Kit-
sap Peninsula and the steep eastern slopes 
of the Olympic Mountains into Hood Ca-
nal, Admiralty Inlet and the Strait of Juan 
de Fuca. The Focus Area is made up of 
portions of four counties: Kitsap, Jefferson, 
Clallam and Mason.

Geologic features in the landscape were 
created from a combination of seismic up-
lift, glaciation and fluvial processes. These 
past and current forces have had important 
consequences for the evolution of coastal 
shoreline features, stream drainages and 
headwater wetlands, many of which pro-
vide important spawning and rearing hab-
itats in the nearshore for forage fish species 
and salmonids, including Hood Canal/
Eastern Strait summer chum and Puget 
Sound Chinook, both listed as threatened 
under the Endangered Species Act.

Many streams in the Focus Area have 
natural periods of low flows and may go 
dry during the summer months when pre-
cipitation is sparse. This tendency renders 
streams particularly vulnerable to human 
impacts on the habitat, such as riparian 
vegetation removal and water extractions. 
While these streams may not flow year-
round, they provide important spawning 
habitat for fish populations, including coho 
and fall chum.

Native American people in the Hood Ca-
nal and Eastern Strait region had villages 
and fishing camps along the shorelines and 
near the mouths of major streams where 
they could take advantage of plentiful fish 
and shellfish resources. After the Point No 
Point Treaty of 1855, the Skokomish (tra-
ditionally the Twana) and S’Klallam tribes 
ceded their lands to the U.S. government 
and several Indian reservations were es-
tablished. Euro-Americans had begun set-
tlements around sawmills in the region to 
continue logging the old-growth timber 
that dominated the landscape.

Jurisdiction
Tribal Reservation (<1%)

Military

Wilderness

National Park Service

U.S. Forest Service

Other Federal (<1%)

City/UGA/Municipal

State

County

Today the area is largely rural and forest-
ed, with communities relying on logging, 
fishing and recreation. Sizable portions of 
Water Resource Inventory Areas (WRIAs) 
16 and 17 are contained within Olym-
pic National Park or U.S. Forest Service 
(USFS) Wilderness Areas, and are protect-
ed from major habitat alterations. Major 
land-use impacts on salmon habitat include 
floodplain and shoreline development, 
roads and logging (especially in steep for-
ested terrain). Today the vegetation is pri-
marily early to mid-seral forest, though 
semi-rural residential and urban develop-
ment encompasses an increasing portion of 
the landscape.
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Port GaMble s’KlallaM tribe

Water Extractions Impact Surface Flow and Fish Usage
The number of well logs has increased by 185% in the Focus Area from 1980 to 2014; 164 new wells were added 
in 2011-2014 alone. Of those 164 wells, over 50 were installed in watersheds that are closed to new water with-
drawals.

The watersheds within the Focus Area receive 15-
100 inches of precipitation per year, primarily in the 
winter months.1,2,3 Little precipitation falls during 
the dry summer months when water needs are great-
est, causing streams to draw on groundwater sources. 
“Groundwater and surface water are one resource”: 
changes to one will impact the other.4 

Salmonid species, including summer chum and 
steelhead, require adequate streamflows to access suit-
able spawning habitats and to maintain appropriate 
water temperatures and stream substrate.5 The summer 
low flow period is expected to get longer and stream 
temperatures to increase due to climate change,6 am-
plifying the effects of groundwater extractions on 
freshwater salmon habitats. The Focus Area experi-
enced periods of extreme drought during the summer 
of 2015,7 resulting in record low streamflows.8

Well logs within the Focus Area increased 185% 
from 1980 to 2014, with 164 new wells in 2011-2014 
alone. Seventeen of the streams within WRIAs 15 and 
17 are closed to new surface and groundwater uses at 
least part of the year.9,10 However, over 50 of the 164 
new wells since 2011 were installed in watersheds 
closed to new water withdrawals. The number of new 
wells will likely increase with the upturn of the econo-
my and the resulting development.

The Department of Ecology’s instream flow rules are 
designed to protect instream resources by mandating 
minimum water levels for streams.11 However, many 
of the instream flow rules are inadequate for protecting 
salmonid species and ensuring their ability to produce 
in the wild, a primary goal in the evaluation of instream 
flow rules.12 Tribes have attempted to update instream 
flow rules for important salmon-bearing streams 
through the Department of Ecology with little success, 
occasionally resorting to legal action.13

Conservation of freshwater resources for instream 
and human uses is one of the five primary objectives 
in Puget Sound Partnership’s Action Agenda.14 Water 
withdrawals and diversions are listed as one of the high 
pressures on the local ecosystem within the Hood Ca-
nal Action Area.15 

Data Sources: SSHIAP 2008,16 WADNR 2014c,17 WAECY 1994,18 WAE-
CY 2011a,19 WAECY 201520

Distribution of Wells

New Wells in the Focus Area
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New wells were added each year from 2011 to 2014, and more may 
be added as the economy improves and population increases.
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Population Density and Impervious 
Surface Impact Water Quality
The total impervious surface area increased by 1% from 2006 to 2011. Thirty-six of the 328 sub-watersheds had 
impacted habitat conditions from impervious surfaces in 2011 and over 140 had increases of impervious surface 
area from 2006 to 2011. The areas with the highest population densities had the most impervious surfaces.

Impervious Surface Area Increases with Population Growth

Any level of human disturbance has an impact on watershed pro-
cesses. Impervious surface area is well documented as a coarse 
measure of human impact on watershed-scale hydrology and biol-
ogy.1,2,3 The Hood Canal and Strait of Juan de Fuca Summer Chum 
Recovery Plan describes thresholds of 10% impervious surface 
area in a watershed at which sensitive stream habitat elements are 
lost, while 25% to 30% impervious surface area results in poor 
water quality.4 Each watershed will have a different reaction to a 
given amount of impervious surface area; thresholds serve only to 
generalize the continuum of degradation that accrues as impervi-
ous surface area increases and forest cover is lost.5 Many species 
within the watersheds show signs of stress and population decline 
well before the 10% impervious surface area threshold is reached.6

Impervious surface area causes increases in stream tempera-
tures, decreases in stream biodiversity, and contributes to pollut-
ants in point and nonpoint sources of stormwater runoff, which 
can contaminate local aquatic systems7 and lead to shellfish area 
closures. Aquatic and marine organisms respond immediately to 
these changing habitat elements, resulting in fatalities,8 impaired 
physiological functions, or migration to more hospitable areas.9

Areas with high population densities also have large amounts of 
impervious surfaces. Clallam, Jefferson, Kitsap and Mason coun-
ties are projected to have a total increase in population of nearly 
100,000 people between the years of 2015 and 2040; over half of 
those people are projected to be in Kitsap County.10

Data Sources: NLCD 2006,11 NLCD 2011,12 SSHIAP 2004,13 WADNR 2014c,14 WAECY 1994,15 WAECY 2011b,16 WAOFM 201417
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High Juvenile Fish Densities Found Within Port Gamble Bay
Port Gamble Bay had the highest estimated fish densities in Hood Canal during the survey seasons of 2011 and 
2012, likely linked to its ideal environment for eelgrass and high densities of larval forage fish.

The Port Gamble S’Klallam Tribe con-
ducted hydroacoustic surveys, surface 
trawls and beach seining during the sum-
mers of 2011-2014 in nearshore habitats of 
Hood Canal and Eastern Strait of Juan de 
Fuca.

“Single targets” (individual non-school-
ing fish) were extracted from the hydro-
acoustic data for analysis. Pairing the hy-
droacoustic surveys with surface trawls 
and beach seining allowed for species 
composition of the single targets to be de-
termined based on size class distribution. 

Port Gamble Bay had the highest esti-
mated fish density rankings in 2011 and 
2012.1 Port Gamble Bay is a spawning 
area for forage fish including herring, surf 
smelt and sand lance. The larval forage 
fish are prey for juvenile Chinook and may 
explain the high densities of single target 
detections. The unique geomorphology of 
Port Gamble Bay within Hood Canal may 
also be a factor of the high densities: the 
relatively shallow bay creates a productive 
aquatic environment ideal for eelgrass and 
attached macroalgae.

The Dosewallips and the Duckabush 
River deltas did not have high densities of 
single target detections. These results were 
surprising considering the rivers’ large 
populations of salmonid species, includ-
ing Chinook, fall chum and summer chum. 
This may be attributed to the rivers’ large, 
shallow alluvial fans that are dewatered 
during low tide events.

Results of this study will inform the 
Hood Canal Coordinating Council’s Salm-
on Habitat Recovery Strategy to help prior-
itize and rank restoration and conservation 
actions within the marine nearshore envi-
ronment.2

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

Po
rt

G
am

bl
e

Ba
y

´0 1 Mile

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!( !(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

Hood

C
an

al

´

0 5 Miles

Port Gamble S'Klallam Tribe
SOW 2015: Fish Densities within Hood Canal
Tuesday, April 07, 2015
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Left: Juvenile Chinook caught in a surface 
trawl. Above: PGST research crew mem-
bers Janet Aubin and Julianna Sullivan re-
cord measurements of fish caught during 
a surface trawl.

Data Sources: PGST 2013,3 SSHIAP 2004,4 WAECY 19945
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Port Gamble S'Klallam Tribe
SOW: Hood Canal DO
MAP SET 1
Thursday, October 29, 2015
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Four fish kill events were observed between 2006 and 2015 as fatally low dissolved oxygen levels affected large 
portions of the water column in Hood Canal. Dissolved oxygen levels continue to be a key planning issue for the 
Mid-Hood Canal Chinook Recovery Plan.1

Port GaMble s’KlallaM tribe

Low Dissolved Oxygen Causes Fish Kills in Hood Canal

Hypoxia as a result of chronic low 
dissolved oxygen (DO) has a det-
rimental impact on marine species, 
changing their usual activity patterns 
and species distribution. Predation 
may increase as the fish leave the hy-
poxic waters for areas with more ox-
ygen where they may be vulnerable 
to new predators, including birds and 
mammals that are not affected by hy-
poxia.2 

Many fish species experience stress 
at DO concentrations below 3-5 mil-
ligrams per liter (mg/L) and may be 
severely stressed and die at concen-
trations of 1-2 mg/L.3 There were 17 
days in 2011 that had DO levels of 5 
mg/L or less at 20 meters below the 
surface in Hood Canal, nine of which 

had DO levels of 3 mg/L or less.4 As 
a consequence of low DO, salmonids 
in Hood Canal may not be able to find 
food and quality habitat, resulting in 
reduced growth and increased mortal-
ities.5

It is estimated that humans are re-
sponsible for less than 1% of the ni-
trogen input into Hood Canal. The 
natural fluctuations of DO have been 
linked to climate, but they may in-
crease in severity as development in-
creases. A review of Hood Canal best 
available science recommends a series 
of actions to improve the estimates of 
human influence on DO levels within 
Hood Canal, including modeling and 
continued monitoring.6

This map series models the levels of DO at 20 
meters below the water surface throughout Hood 
Canal that led up to the fish kill event of September 
2006.

July 2006May 2006March 2006

A fish kill occurred in lower Hood Canal in late Au-
gust 2015 when southerly winds brought hypoxic wa-
ter to the surface. The low oxygen levels associated 
with this fish kill are the worst conditions that have 
been measured. However, the fish kill events from 
2003, 2006 and 2010 were worse than the 2015 event.7 
Hood Canal is a system that is very susceptible to pe-
riodic fish kills; additional oxygen depressions from 
human nitrogen loading increase that risk.8

Hoodsport Buoy Dissolved Oxygen Levels 
August 21, 2015 – September 21, 2015

Data Sources: HCDOP 2006,9 NANOOS 2015,10 SSHIAP 2004,11 WAECY 199412
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August 2015 Hood Canal Fish Kill
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Nearshore Habitat Loss in Hood Canal and 
Strait of Juan de Fuca 
About 45% of the marine shoreline in the Port Gamble S’Klallam Tribe’s Focus Area has been modified or ar-
mored. A closer look at Port Gamble Bay’s shoreline shows about 74% being altered through anthropogenic 
means. From 2004 to 2014, there was a net increase of 19,663 feet in armoring in all four counties in this region.1

No portion of Hood Canal has 
been altered more than south-
ern Hood Canal. In contrast, 
Point Julia, home to the Port 
Gamble S’Klallam Tribe, has the 
most frequently used and most 
heavily accessed spit complex 
on Hood Canal and maintains 
natural functions and values.2

The Action Agenda has identified habitat alteration as a priority 
threat in the Puget Sound region.3 Shoreline alterations such as 
jetties and rockwalls interrupt the flow of sand on beaches. Docks 
and bulkheads cover beaches so that plant life and fish species are 
not productive in these areas.4 Data collected on shoreline condi-
tions in the Port Gamble Tribe’s Focus Area shows that 55% is 
natural, 32% is modified and 13% is armored (Figure 1). However, 
when focusing on the area around Port Gamble Bay, a known pro-
ductive area for salmonids and forage fish, it is noted that 74% of 
the area is either modified or armored (Figure 2). 2008 PSNERP 
data was used to calculate this area, but funding has been cut to 
continue this type of essential monitoring. The Port Gamble Bay 
area and surrounding shoreline has a significant amount of forest-

ed area upland of the bay that is not developed. Sediment source 
beaches make up 50% of this area, of which 70% is either modified 
or armored.5 Shorelines in the reservation section of the drift cell 
are little changed and have significant wooded bluffs contribut-
ing sediment supply to the spit at Point Julia as well as providing 
large wood structure in the nearshore and overhanging shade for 
out-migrating salmon.6 This regional Focus Area is made up of 
four different county jurisdictions: Clallam, Jefferson, Mason and 
Kitsap. Data available from the Hydraulic Project Approval (HPA) 
database shows that shoreline armoring is increasing for each of 
these counties.7 From 2005 to 2014, there has been a net increase 
of 3.7 miles (19,663 feet) in shoreline armoring in Clallam, Jeffer-
son, Kitsap and Mason counties (Figure 3).8
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Sand Lance and Surf Smelt Spawning Habitat Conditions
Survey data from 1970 to 2012 shows that approximately 41% of inventoried sand lance and surf smelt spawn-
ing habitat in the Port Gamble Tribe Focus Area has been modified, and of that 11% has been armored. Armor-
ing and modification interrupts the movement of gravel and sand to these beaches and could negatively affect 
spawning habitat as a consequence. Climate change could exacerbate these conditions.

This pie chart reveals the proportion of armoring and modi-
fication in known forage fish spawning areas along shorelines, 
which can affect the natural sediment dynamics of spawning 
beaches and potentially impact the habitat for these fish. Of 
note, not all beaches were surveyed for forage fish.

Surf smelt and Pacific sand lance are key part of the 
Puget Sound food web.1 These forage fishes are small 
schooling fishes that are key prey items for larger pred-
atory fish and wildlife, such as salmonids.2 Sand lance is 
recognized as being one of the key elements of a juve-
nile Chinook’s nearshore diet.3 A very large portion of the 
shoreline in this Focus Area has been altered in various 
ways by human activities, to the possible detriment of 
the species. Sand lance and surf smelt spawn on upper 
intertidal beaches consisting of sand and gravel. Shore-
line modification and development can negatively affect 
spawning sites.4 Additionally, sea level is expected to rise 
substantially in this century, which will likely profoundly 
affect the structure and function of the Puget Sound eco-
system.5 Maintaining abundant surf smelt and sand lance 
in Puget Sound is a conservation imperative, but current 
regulations do not consider cumulative or off-site impacts 
of armoring, cannot prohibit armoring in most cases,6 
and do not address likely future conditions such as cli-
mate change.7 Cumulative distribution functions of catch 
per unit effort indicate that historically dominant forage 
fishes (Pacific herring and surf smelt) have declined in 
Central and South Puget Sound.8 The results of this study 
suggest that some Puget Sound sub-basins have reduced 
capacity to support forage fish that were highly abundant 
historically, and these patterns are consistent with other 
historic studies.9,10 The studies referenced above suggest 
the possible linkage between anthropogenic activities and 
development, as well as changing climate conditions on 
the abundance of forage fish in Puget Sound.

Armoring and modification impacts nearshore spawning 
habitats for forage fish in Hood Canal.

Data Sources: NAIP 2011,11 PSNERP 2008,12 SSHIAP 2008,13 WADFW 201014
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Pacific Herring Spawning Habitat Conditions: 
Regionally and in Port Gamble Bay
From 1970 to 2012, Port Gamble Bay herring stocks have decreased from a status of healthy to depressed, 
showing potential relationships between fish decline, shoreline armoring and climate change.1 By 2014, ap-
proximately 50% of the herring spawning areas inventoried were either modified or armored. Historical evidence 
shows Port Gamble Bay having one of the largest Pacific herring stocks in Puget Sound. However, considerable 
spawning habitat has been lost due to shoreline alterations.2

The Port Gamble herring stock has been considered 
one of the larger stocks in Puget Sound since quanti-
tative survey effort began in the late 1970s.3 Pacific 
herring, a vital forage fish of the marine ecosystem, 
are an indicator of the overall health of the marine 
environment. Herring were included in the 1974 
Boldt decision, which defined Native American fish-
ing rights. Herring are generally known for preferring 
nearshore areas containing vegetation and bay inlets. 
Inventoried known spawning areas along the shore-
line show that 49% of the shoreline remains natural, 
35% is modified, and 16% is armored. Research indi-
cates that priority habitat for herring lies in sheltered 
bays.4 

Approximately 10% of shorelines in the Puget 
Sound are selected by herring in sheltered bays, such 
as Port Gamble and Quilcene Bays.5 The Spawning 
and Recruitment graph shows stock decline levels 
from 1990 to 2015 in Port Gamble Bay. The WDFW 
Port Gamble stock status has declined from healthy to 
depressed.6 The concern is that development and oth-
er anthropogenic impacts within these bays will con-
tinue to remove healthy habitat for herring, especially 
with the unknown consequences of climate change.7 
Also, because of high contaminant levels from the old 
mill site on Port Gamble Bay, a recent study shows 
that Pacific herring embryos survived significantly 
better outside the Port Gamble Bay than inside.8 The 
Port Gamble Tribe is hopeful that the Port Gamble 
Cleanup and Restoration, including removal of cre-
osote piles, will help restore the herring population.9

Data Sources: NAIP 2011,10 PSNERP 2008,11 SSHIAP 2004,12 SSHIAP 2008,13 Stick et al. 2014,14 WADFW 201015
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Port Gamble Bay: Long-Awaited Cleanup and Restoration
Pope Resources entered into a con-

sent decree with the Washington De-
partment of Ecology to clean up Port 
Gamble Bay from contamination 
from the former saw mill site. The 
cleanup area will include removing 
70,000 cubic yards of contaminated 
sediment and wood waste and over 
6,000 creosote pilings. Port Gamble 
Bay is an ancestral home and very 
important fishing area for the Port 
Gamble S’Klallam Tribe. Area tribes 
have been supporting this long-await-
ed action. Port Gamble Bay is home 
to ESA-listed Puget Sound Chinook, 
Puget Sound steelhead, Hood Ca-
nal summer chum and bull trout,1 
and other species such as coho, fall 
chum, herring and other forage fish, 
oysters, crabs and clams.2 Port Gam-
ble Bay is an abundant shellfish, crab 
and finfish harvest area, containing 
approximately 28% of the approved 
commercial harvest area within Kit-
sap County.3 But historic and current 
uses of the Bay and watershed – in-
cluding the former saw mill, the town 
of Port Gamble, and other develop-
ments – have taken their toll. 

Port Gamble Bay is part of the 
Tribe’s ancestral history, with arche-
ology from Point Julia indicating that 
people have been using and living 
along the bay’s shore for well over 
1,000 years. With the signing of the 
Point No Point Treaty of 1855,4 the 
S’Klallam Tribes retained the right 
to fish, hunt and gather in their Usu-
al and Accustomed areas.5 These 
treaty-reserved rights were affirmed 
by Judge Boldt in the U.S. v. Wash-

ington ruling (the Boldt decision), 
in the 1994 ruling by Judge Rafeed-
ie affirming tribal shellfish harvest, 
and several other court cases. The 
cleanup and restoration of the Bay is 
essential for tribes to exercise their 
treaty-reserved rights. 

Just 470 feet across the bay from 
the Port Gamble Reservation, the Port 
Gamble saw mill operated from 1853 
to 1995. During that time, pollutants 
from wood waste and creosote pilings 
were released into the bay. These pol-
lutants include cadmium, petroleum 
hydrocarbons, carcinogenic polycy-
clic aromatic hydrocarbons (cPAHs) 
and dioxins/furans. The mill closed 
in 1995 and has since been used for 
log sorting/chipping, materials han-
dling and as a marine research facil-
ity. The bay cleanup will take about 
two years, with the first year focusing 
on the southern portion of the former 
mill. The second year will focus on 
creosote piling removal and cleanup 
on the area north of the mill site. Sub-
stantial improvement to the bay will 
result once this cleanup is complete. 
As a broader effort, the Port Gamble 
S’Klallam Tribe has been working on 
a cleanup of debris and removal of 
derelict gear and vessels on the bay 
next to their reservation. In 2015, the 
Washington Department of Ecology 
and the Port Gamble S’Klallam Tribe 
removed and disposed of an old pier, 
pilings and a boat launch.6 The Tribe 
is looking into more restoration op-
portunities to protect the bay from 
development.7

Data sources: NAIP 2013,10 WADNR 2014b11

Former Mill Site at Port Gamble

W
as

hi
ng

to
n 

D
ep

ar
tm

en
t o

f E
co

lo
gy

£ ¤10
4

Port Gamble
S'Klallam Reservation

Mill Site

_̂

¯
0 1 Miles

!.

£¤104

Port Gamble Bay

For the tribe, Port Gamble Bay is not just a bay; it is the home of 
the tribe’s ancestral village. They eat shellfish and salmon collect-
ed in the bay. Gathering goods there is very important to tribal 
identity and livelihood. After many years of work between the 
Department of Ecology and Pope Resources, with the support 
of local tribes, the cleanup of the bay and mill site is scheduled, 
starting in the fall of 2015, to remove approximately 70,000 cubic 
yards of contaminated sediment and wood waste, a derelict ves-
sel, and 6000 creosote pilings along with overwater structures.8 
It will be the biggest creosote piling removal in Washington state 
history.9
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S’Klallam Blessing at Mill Site - July 2015

The Port Gamble S’Klallam performed a blessing cer-
emony of Port Gamble Bay and the old Port Gamble 
mill site in July 2015, as work started to remove thou-
sands of creosote pilings and overwater structures 
from the former industrial site. Approximately 70,000 
cubic yards of contaminated sediment and wood 
waste will be removed.



Port Gamble S’Klallam Tribe160

Port GaMble s’KlallaM tribe

Citations
Chapter Summary

1 National Marine Fisheries Service. 2006. Final 
Supplement to the Shared Strategy’s Puget Sound Salmon 
Recovery Plan. National Marine Fisheries Service, Northwest 
Region.

2 Ibid.
3 Judge, M. 2011. 2011 Implementation Status Assessment. 

Final Report. A qualitative assessment of implementation of the 
Puget Sound Chinook Recovery Plan. National Marine Fisheries 
Services. 

4 Shared Strategy for Puget Sound. 2007. Puget Sound 
Salmon Recovery Plan Volume 1. National Marine Fisheries 
Service.

Port Gamble S’Klallam Tribe
1 SSHIAP. 2004. Hillshade derived from University of 

Washington Digital Elevation Model (DEM). Olympia, WA: 
Northwest Indian Fisheries Commission. 

2 USFWS. 2014. Polygons of FWS Approved Boundaries. 
Falls Church, VA: U.S Fish and Wildlife Service.

3 WADNR. 2014a. Washington State DNR Managed 
Land Parcels. Olympia, WA: Washington Department of Natural 
Resources.

4 WADNR. 2014b. Washington State DNR Transportation 
Polylines. Olympia, WA: Washington Department of Natural 
Resources. 

5 WADNR. 2014c. Washington State Non-DNR Major 
Public Lands (NDMPL) Polygons. Olympia, WA: Washington 
Department of Natural Resources.

6 WADOT. 2013. Polygons depicting the boundaries of 
Tribal Lands in Washington State. Olympia, WA: Washington 
Department of Transportation.

7 WAECY. 1994. Polygons of Washington State Shorelines 
and Boundary. Olympia, WA: Washington Department of Ecology. 

8 WAECY. 2011a. NHD Major Areas, Streams, and 
Waterbodies. 1:24000. From U.S. Geological Survey (in 
cooperation with others) National Hydrography Dataset. Olympia, 
WA: Washington Department of Ecology.

9 WAECY. 2013. City Boundaries and Urban Growth Areas 
Polygons. Olympia, WA: Washington Department of Ecology.

Water Extractions Impact Surface Flow and Fish 
Usage

1  WAECY. 2012a. Focus on Water Availability: Kitsap 
Watershed, WRIA 15. Publication No. 11-11-020. Olympia, WA: 
Washington Department of Ecology.

2  WAECY. 2012b. Focus on Water Availability: Quilcene-
Snow Watershed, WRIA 17. Publication No. 11-11-022. Olympia, 
WA: Washington Department of Ecology. 

3 WAECY. 2012c. Focus on Water Availability: Skokomish-
Dosewallips Watershed, WRIA 16. Publication No. 11-11-021. 
Olympia, WA: Washington Department of Ecology.

4  Winter, T. 1998. Ground water and surface water: A 
single resource. U.S. Geological Survey Circular, Volume 1139.

5  Parametrix, Inc. 2000. Stage 1 Technical Assessment as 
of February 2000: Water Resource Inventory Area 17. Kirkland, 
WA.

6  Mantua, N., I. Tohver & A. Hamlet. 2009. Impacts 
of climate change on key aspects of freshwater salmon habitat 
in Washington State. In: Climate Impacts Group. M. McGuire 

Elsner, J. Littell & L. Whitely Binder (eds). The Washington 
Climate Change Impacts Assessment. Seattle, WA: University of 
Washington, Joint Institute for the Study of the Atmosphere and 
Oceans, Center for Science in the Earth System. 

7  United States Drought Monitor. 2015. National Drought 
Mitigation Center, U.S. Department of Agriculture & National 
Oceanic and Atmospheric Administration.

8 USGS. 2015. WaterWatch 7-Day Average Flow 
Conditions. U.S. Geological Survey. 

9  Washington Administrative Code 173-517-100
10  WAECY. 2012a. Focus on Water Availability: Kitsap.
11  Revised Code of Washington 90.20.010
12  Revised Code of Washington 90.20.060
13  Squaxin Island Tribe v. Washington State Department of 

Ecology. 2013. Washington State Court of Appeals, Division II. 
Published Opinion No. 42710-9-II. Olympia, WA.

14  Puget Sound Partnership. 2009. Puget Sound Action 
Agenda: Protecting and Restoring the Puget Sound Ecosystem by 
2020. 

15  Puget Sound Partnership. 2014. The 2014/2015 Action 
Agenda for Puget Sound. 

16  SSHIAP. 2008. Aquascape Adjacent Catchments 
Polygons. Olympia, WA: Salmon Steelhead and Inventory 
Assessment Program.

17 WADNR. 2014c. Washington State Non-DNR Major 
Public Lands (NDMPL) Polygons. Olympia, WA: Washington 
Department of Natural Resources.

18 WAECY. 1994. Polygons of Washington State Shorelines 
and Boundary. Olympia, WA: Washington Department of Ecology.

19  WAECY. 2011a. NHD Major Areas, Streams, and 
Waterbodies. 1:24000. From U.S. Geological Survey (in 
cooperation with others) National Hydrography Dataset. Olympia, 
WA: Washington Department of Ecology.  

20  WAECY. 2015. Washington State Department of Ecology 
Well Logs. Olympia, WA: Washington Department of Ecology.

Population Density and Impervious Surface Impact 
Water Quality 

1  Alberti, M., D. Booth, K. Hill, C. Avolio, B. Coburn, 
S. Coe & D. Spirandelli. 2007. The impact of urban patterns on 
aquatic ecosystems: An empirical analysis in Puget lowland sub-
basins. Landscape and Urban Planning 80: 345–361.

2  Booth, D., D. Hartley & C. Jackson. 2002. Forest cover, 
impervious-surface area, and the mitigation of stormwater impacts. 
Journal of the American Water Resources Association 38(3): 835-
845.

3  Booth, D. & C. Jackson. 1997. Urbanization of aquatic 
systems-degradation thresholds, stormwater detention, and limits 
of mitigation. Journal of American Water Resources Association. 
33(5): 1077-1090.

4  Hood Canal Coordinating Council. 2005. Hood Canal and 
Eastern Strait of Juan de Fuca Summer Chum Salmon Recovery 
Plan.

5  Booth et al. Forest cover, impervious-surface area.
6 Barnes, K., J. Morgan III & M. Roberge. 2012. Impervious 

surfaces and the quality of natural and built environments. 
Baltimore, MD: Towson University, Department of Geography 
and Environmental Planning: Geospatial Research and Education 
Laboratory. 

7 Schueler, T. 2000. The importance of imperviousness. 
Watershed Protection Techniques, 1(3): 100-111.

8  Spromberg, J., D. Baldwin, S. Damm, J. McIntyre, M. 
Huff, C. Sloan, B. Anulacion, J. Davis & N. Scholz. 2015. Coho 



Port Gamble S’Klallam Tribe 161

Port GaMble s’KlallaM tribe

salmon spawner mortality in western U.S. urban watersheds: 
bioinfiltration prevents lethal stormwater impacts. Journal of 
Applied Ecology.

9 Barnes et al. Impervious surfaces and the quality of 
natural and built environments.

10  WAOFM. 2012. 2012 Projections County Growth 
Management Population Projections by Age and Sex: 2010-2040. 
Olympia, WA: Washington Office of Financial Management.

11  NLCD. 2006. National Land Cover Dataset 2006 Percent 
Developed Impervious. 2011 edition. Multi-Resolution Land 
Characteristics.

12  NLCD. 2011. National Land Cover Dataset 2006 Percent 
Developed Impervious. 2011 edition. Multi-Resolution Land 
Characteristics.

13 SSHIAP. 2004. Hillshade derived from University of 
Washington Digital Elevation Model (DEM). Olympia, WA: 
Northwest Indian Fisheries Commission. 

14 WADNR. 2014c. Washington State Non-DNR Major 
Public Lands (NDMPL) Polygons. Olympia, WA: Washington 
Department of Natural Resources.

15 WAECY. 1994. Polygons of Washington State Shorelines 
and Boundary. Olympia, WA: Washington Department of Ecology.

16 WAECY. 2011b. Puget Sound Watershed Characterization 
Analysis Units Polygons. Olympia, WA: Washington Department 
of Ecology.

17  WAOFM. 2014. Small Area Estimates Program: 
2000-2014 Population and Housing Estimates for 2010 Census 
Block Groups. Olympia, WA: Washington Office of Financial 
Management.

 
High Juvenile Fish Densities Found Within Port 
Gamble Bay

1 Daubenberger, H., H. Barrett, J. Aubin, J. Sullivan & S. 
Burlingame. 2013. Mapping Nearshore Nodal Habitat of Juvenile 
Salmonids within the Hood Canal and Eastern Strait of Juan de 
Fuca. Port Gamble S’Klallam Tribe, Natural Resources.

2 Hood Canal Coordinating Council. 2005. Salmon Habitat 
Recovery Strategy for the Hood Canal and the Eastern Strait of 
Juan de Fuca. Version 09-2005. Poulsbo, WA.

3 PGST. 2013. Estimated Fish Densities in Nearshore 
Nodal Habitats within the Hood Canal and Eastern Strait of Juan 
de Fuca. Port Gamble S’Klallam Tribe, Natural Resources. 

4 SSHIAP. 2004. Hillshade derived from University of 
Washington Digital Elevation Model (DEM). Olympia, WA: 
Northwest Indian Fisheries Commission.

5 WAECY. 1994. Polygons of Washington State Shorelines 
and Boundary. Olympia, WA: Washington Department of Ecology.

Low Dissolved Oxygen Causes Fish Kills in Hood 
Canal

1 WDFW & PNPTT. 2005. Mid-Hood Canal Chinook 
Recovery Planning Chapter. Olympia, WA: Washington State 
Department of Fish and Wildlife and Point No Point Treaty Tribes.

2 Domenici, P., C. Lefrancois & A. Shingles. 2007. 
Hypoxia and the antipredator behaviours of fishes. Philosophical 
Transactions of The Royal Society of London. Biological Sciences. 
Vol. 362. pp. 2105-2121.

3 Newton, J., C. Bassin, A. Devol, M. Kawase, W. Ruef, 
M. Warner, D. Hannafious & R. Rose. 2007. Hypoxia in Hood 
Canal: An overview of status and contributing factors. University 
of Washington & Hood Canal Salmon Enhancement Group.

4 Hood Canal Dissolved Oxygen Program. 2011. 2011 
Cruise Data: Hood Canal in Puget Sound (Washington). Northwest 

Association of Networked Ocean Observing Systems (NANOOS). 
Seattle, WA: University of Washington, Environmental and 
Information Systems Department.

5 Hood Canal Coordinating Council. 2005. Hood Canal and 
Eastern Strait of Juan de Fuca Summer Chum Salmon Recovery 
Plan.

6 Cope, B. & M. Roberts. 2013. Review and Synthesis of 
Available Information to Estimate Human Impacts to Dissolved 
Oxygen in Hood Canal. Environmental Protection Agency Pub. 
No. 910-R-13-002. Washington State Department of Ecology Pub. 
No. 13-03-016.

7 Newton, J. 2015. 2015 Fish Kill Update. Hood 
Canal Dissolved Oxygen Program. Seattle, WA: University of 
Washington, Applied Physics Laboratory.

8 Newton, J. 2010. Diagnosis of the September 2010 fish kill 
in Hood Canal. Hood Canal Dissolved Oxygen Program. Seattle, 
WA: University of Washington, Applied Physics Laboratory.

9 Hood Canal Dissolved Oxygen Program. 2006. 2006 
Cruise Data: Hood Canal in Puget Sound (Washington). Northwest 
Association of Networked Ocean Observing Systems (NANOOS). 
Seattle, WA: University of Washington, Environmental and 
Information Systems Department. 

10 NANOOS. 2015. Oceanic Remote Chemical Analyzer 
(ORCA) Hoodsport Dissolved Oxygen Concentrations for August 
21 2015 to October 22 2015. The Northwest Association of 
Networked Ocean Observing Systems.

11 SSHIAP. 2004. Hillshade derived from University of 
Washington Digital Elevation Model (DEM). Olympia, WA: 
Northwest Indian Fisheries Commission.

12 WAECY. 1994. Polygons of Washington State Shorelines 
and Boundary. Olympia, WA: Washington Department of Ecology.

Nearshore Habitat Loss in Hood Canal and Strait 
of Juan de Fuca

1  Carman, R., B. Benson, T. Quinn & D. Price. 2015. Trends 
in shoreline armoring in Puget Sound 2005-2014 from Washington 
State Hydraulic Permit Application database. Spreadsheet 
PSSA_2005-2014_rc_7-22-15.xlsx received 2015-08-24, in email 
from R. Carman. Olympia, WA: Washington Department of Fish 
and Wildlife.

2  Hirschi, R., T. Labbe & A. Carter-Mortimer. 2003. 
Point No Point Treaty Council Technical Report 03-1: Shoreline 
Alterations in Hood Canal and the Eastern Strait of Juan de Fuca.

3  Puget Sound Partnership. 2014. The 2014/2015 Action 
Agenda for Puget Sound. 

4  Ibid.
5  SSHIAP. 2012. Puget Sound Geomorphic Shorelines. 

Olympia, WA: Northwest Indian Fisheries Commission.
6  Hirschi et al. 2003. Shoreline Alterations in Hood Canal.
7  Carman et al. 2015. Trends in shoreline armoring in Puget 

Sound.
8  Ibid.
9 Ibid. 
10 NAIP. 2011. USDA National Agricultural Imagery 

Program. Washington, DC: U.S. Department of Agriculture. 
11 PSNERP. 2008. Puget Sound Nearshore and Restoration 

Project Polylines. Puget Sound Nearshore Ecosystem Restoration 
Partnership.

12 SSHIAP. 2004. Hillshade derived from University of 
Washington Digital Elevation Model (DEM). Olympia, WA: 
Northwest Indian Fisheries Commission.

13 SSHIAP. 2012. Puget Sound Geomorphic Shorelines. 
Olympia, WA: Northwest Indian Fisheries Commission.



Port Gamble S’Klallam Tribe162

14 USGS. 2014. National Hydrography Dataset (NHD) 
Flowline and Waterbody GIS datasets. Downloaded from 
Washington Department of Ecology. Reston, Virginia: U.S. 
Geological Survey, in cooperation with others.

Sand Lance and Surf Smelt Spawning Habitat 
Conditions

1  Simenstad, C., B. Miller, C. Nyblade, K. Thornburgh 
& L. Bledsoe. 1979. Foodweb relationships of northern Puget 
Sound and the Strait of Juan de Fuca, a synthesis of available 
knowledge. DOC/EPA report no. EPA-600/7-79-259. Seattle, WA: 
Environmental Protection Agency, Region 10.

2  Penttila, D. 2007. Marine Forage Fishes of Puget Sound. 
Puget Sound Nearshore Partnership Report No. 2007-03. Seattle, 
WA: Seattle District, UW Army Corps of Engineers.

3  Duffy, E., D. Beauchamp, R. Sweeting, R. Beamish & 
J. Brennan. 2010. Ontogenetic Diet Shifts of Juvenile Chinook 
Salmon in Nearshore and Offshore Habitats of Puget Sound. 
Transactions of the American Fisheries Society 139: 803-823. 

4  Penttila. Marine Forage Fishes of Puget Sound.
5  Sea-level Rise and Coastal Habitats in the Pacific 

Northwest. 2010. Merrifield, VA: National Wildlife Federation.
6  Carman, R., B. Benson, T. Quinn & D. Price. 2015. Trends 

in shoreline armoring in Puget Sound 2005-2014 from Washington 
State Hydraulic Permit Application database. Spreadsheet 
PSSA_2005-2014_rc_7-22-15.xlsx received 2015-08-24, in email 
from R. Carman. Olympia, WA: Washington Department of Fish 
and Wildlife.

7  Krueger, K., K. Pierce Jr., T. Quinn & D. Penttila. 
2010. Anticipated Effects of Sea Level Rise in Puget Sound 
on Two Beach-Spawning Fishes. Shipman, H., M. Dethier, G. 
Gelfenbaum, K. Fresh & R. Dinicola (eds). Puget Sound Shorelines 
and the Impacts of Armoring – Proceedings of a State of the 
Science Workshop. May 2009. U.S. Geological Survey Scientific 
Investigations Report 2010-5254, pp.171-178.

8  Greene, C., L. Keuhne, C. Rice, K. Fresh & D. Penttila. 
2015. Forty years of change in forage fish and jellyfish abundance 
across greater Puget Sound, Washington (USA): anthropogenic 
and climate associations. Marine Ecology Progress Series. Vol. 
525: 153-170. 

9  Ibid.
10 Penttila. 2007. Marine Forage Fishes of Puget Sound. 
11 NAIP. 2011. USDA National Agricultural Imagery 

Program. Washington, DC: United States Department of 
Agriculture. 

12 PSNERP. 2008. Puget Sound Nearshore and Restoration 
Project Polylines. Puget Sound Nearshore Ecosystem Restoration 
Partnership.

13 SSHIAP. 2008. Puget Sound Geomorphic Shorelines. 
Olympia, WA: Northwest Indian Fisheries Commission.

14 WADFW. 2010. Forage Fish Distribution Polylines. 
Olympia, WA: Washington Department of Fish and Wildlife.

Pacific Herring Spawning Habitat Conditions: 
Regionally and in Port Gamble Bay

1  Greene, C., L. Keuhne, C. Rice, K. Fresh & D. Penttila. 
2015. Forty years of change in forage fish and jellyfish abundance 
across greater Puget Sound, Washington (USA): anthropogenic 
and climate associations. Marine Ecology Progress Series. Vol. 
525: 153-170. 

2  Penttila, D. 2007. Marine Forage Fishes of Puget Sound. 
Puget Sound Nearshore Partnership Report No. 2007-03. Seattle, 

WA: U.S. Army Corps of Engineers, Seattle District.
3  Stick, K., A. Linquist & D. Lowry. 2014. 2012 Washington 

State Herring Status Report. Olympia, WA: Washington 
Department of Fish and Wildlife, Fish Program.

4  Penttila. 2007. Marine Forage Fishes of Puget Sound. 
5  Ibid.
6  Stick et al. 2012 Washington State Herring Status Report. 
7  Greene et al. 2015. Forty years of change in forage fish.
8  West, J., A. Carey, J. Lanksbury, L. Niewolny & S. O’Neill. 

2015. Toxic contaminants in embryonic and adult Pacific herring 
(Clupea pallasii) from Port Gamble Bay, Washington: extent and 
magnitude of contamination by polycyclic aromatic hydrocarbons 
(PAHs) and other toxic contaminants. Olympia, WA: Washington 
Department of Ecology, Marine Resources Division.

9  Daubenburger, H. 2015. Personal communication. 
Kingston, WA.

10 NAIP. 2011. USDA National Agricultural Imagery 
Program. Washington, DC: U.S. Department of Agriculture. 

11 PSNERP. 2008. Puget Sound Nearshore and Restoration 
Project Polylines. Puget Sound Nearshore Ecosystem Restoration 
Partnership.

12 SSHIAP. 2004. Hillshade derived from University of 
Washington Digital Elevation Model (DEM). Olympia, WA: 
Northwest Indian Fisheries Commission.

13 SSHIAP. 2008. Puget Sound Geomorphic Shorelines. 
Olympia, WA: Northwest Indian Fisheries Commission.

14 Stick et al. 2012 Washington State Herring Status Report. 
15 WDFW. 2010. Forage Fish Database and Distribution 

Polylines. Olympia, WA: Washington Department of Fish and 
Wildlife. 

Port Gamble Bay: Long Awaited Cleanup and 
Restoration

1  Anchor QEA. 2013. SEPA Checklist for the State 
Environmental Policy Act.

2  Ibid.
3  Washington Puget Sound Restoration Fund. 2015. http://

www.restorationfund.org
4 Gates, C. 1955. The Indian Treaty of Point No Point. 

Pacific Northwest Quarterly. Vol. 46, No. 2 (1955)
5  Cohen, F., F. La, V. Bowden, & American Friends Service 

Committee. 1986. Treaties on Trial: the Continuing Controversy 
over Northwest Indian Fishing Rights. Seattle, WA: University of 
Washington Press.

6  McMillan, R. 2014. Fact Sheet for Port Gamble Bay 
Cleanup and Restoration. Lacey, WA: Washington Department of 
Ecology. 

7  Call, Roma. 2015. Personal Communication on telephone 
interview. Port Gamble S’Klallam Tribe. 

8 McMillan. Fact Sheet for Port Gamble Bay.
9  Seymour, R. 2015. S’Klallam Tribe blesses Port Gamble 

Bay before cleanup. Kitsap Sun.
10 NAIP. 2013. USDA National Agriculture Imagery 

Program. Washington, DC: U.S. Department of Agriculture.
11 WADNR. 2014b. Washington DNR Transportation 

Polylines. Olympia, WA: Washington Department of Natural 
Resources.

Port GaMble s’KlallaM tribe


