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216 Assessing Propeller Wash Influence on Sediment Stability in
Victoria Harbour

Room:

615/616/617

Date:

4/30/2014

10:30 AM - 10:45 AM

Presenter: Mark Larsen, Anchor QEA
Authors:

Erin Shankie, PWGSC; Kathy Ketteridge, Anchor QEA; Gary Watson, Transport
Canada

Abstract: Sediments within the portion of Victoria Harbour are managed by Transport
Canada. These sediments have been the subject of numerous environmental
investigations that have documented the presence of certain contaminants in Harbour
sediment. The site location within the Harbour extends generally from the Selkirk Trestle
north of the Upper Harbour to the Outer Harbour breakwater south of Ogden Point. As
part of risk assessment activities for the site, a study was conducted to determine
potential impacts to the benthic community and long-term sediment recovery within the
site due to vessel-induced sediment disturbance and erosion. The results of these
evaluations were used to develop maps correlating vessel operations, erosion potential of
bed sediments, and vertical scour depths throughout the site. This information was used
to assist in interpretation of benthic community assessment data and develop a better
understanding of the influences on the benthic community in Victoria Harbour. This
presentation will provide a discussion of the how the evaluation was conducted, present
the results, and provide an overview of the implications of study based on study
objectives. Sediments within the portion of Victoria Harbour are managed by Transport
Canada. These sediments have been the subject of numerous environmental
investigations that have documented the presence of certain contaminants in Harbour
sediment. The site location within the Harbour extends generally from the Selkirk Trestle
north of the Upper Harbour to the Outer Harbour breakwater south of Ogden Point. As
part of risk assessment activities for the site, a study was conducted to determine
potential impacts to the benthic community and long-term sediment recovery within the
site due to vessel-induced sediment disturbance and erosion. The results of these
evaluations were used to develop maps correlating vessel operations, erosion potential of
bed sediments, and vertical scour depths throughout the site. This information was used
to assist in interpretation of benthic community assessment data and develop a better
understanding of the influences on the benthic community in Victoria Harbour. This
presentation will provide a discussion of the how the evaluation was conducted, present
the results, and provide an overview of the implications of study based on study
objectives.

#

265 Review and Synthesis of Available Information to Estimate Human
Impacts to Dissolved Oxygen in Hood Canal

Room:

615/616/617

Date:

4/30/2014

10:45 AM - 11:00 AM

Presenter: Ben Cope, US Environmental Protection Agency
Authors:

Ben Cope, EPA

Abstract: EPA and the Washington Department of Ecology reviewed available science
regarding dissolved oxygen impacts in Hood Canal at the request of the Hood Canal
Coordinating Council. This review encompassed all relevant studies of Hood Canal by
researchers from the University of Washington, U.S. Geological Survey, Pacific Northwest
National Laboratory, and Mason County. The Puget Sound Institute organized an
independent peer review of our report by outside experts.
There is a consensus among
researchers that: (1) Marine water upwelling delivers most of the nitrogen to the photic
zone in Hood Canal, (2) Shoreline onsite sewage systems represent the dominant human
source of nitrogen, and (3) Relative human impacts are highest in Lynch Cove. At the
same time, there are a range of estimates of the scale of human impact on dissolved
oxygen, particularly around the southern areas of the Great Bend and Lynch Cove.
Sediment cores indicate that oxygen levels in central Hood Canal were lower before 1900
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than between 1900 to 2005, contrary to the pattern expected if human contributions of
nitrogen are significant. Water column data collected in the 1950s and 2000s indicated no
consistent trends in dissolved oxygen concentration across Hood Canal over that time.
We concluded that human nitrogen loadings are not contributing substantially to low
dissolved oxygen in central Hood Canal, including the Hoodsport region where episodic
fish kills have occurred. Episodic fish kills occur from a cascade of natural factors,
including upwelled water from the Pacific Ocean that intrudes into Hood Canal, pushing
low-oxygen water at depth to the surface, where southwesterly winds can suddenly
displace the thinning cap of freshwater. We reviewed model-based impact assessments
for Lynch Cove in detail. We could not determine conclusively whether human nitrogen
loadings cause Lynch Cove dissolved oxygen levels to violate Washington water quality
standards. While we estimated that humans contribute 0.03 to 0.3 mg/L of oxygen
depletion in Lynch Cove, the external peer review concluded that the marine flux
methodology used by researchers was problematic. The wide range of marine nitrogen
flux values led to the high uncertainty in the impact estimates. The project report,
“Review and Synthesis of Available Information to Estimate Human Impacts to Dissolved
Oxygen in Hood Canal”, was published in March 2013 and is available at
https://fortress.wa.gov/ecy/publications/SummaryPages/1303016.html.

#

162 South Puget Sound dissolved oxygen study: water quality model
calibration and scenarios

Room:

615/616/617

Date:

4/30/2014

11:00 AM - 11:15 AM

Presenter: Greg Pelletier, WA Dept of Ecology
Authors:

Greg Pelletier, Department of Ecology; Anise Ahmed, WA Department of
Ecology; Mindy Roberts, WA Department of Ecology; Andrew Kolosseus,
Department of Ecology

Abstract: Portions of South and Central Puget Sound are on the Clean Water Act Section
303(d) list of impaired waters because observed dissolved oxygen measurements do not
meet the Washington State water quality standards. Human sources of nutrients can
increase algae growth, which can decrease oxygen as the additional organic matter
decays. Low oxygen can impair fish and other marine life. Computer modeling tools are
needed to isolate the impacts of human contributions. The purpose of this study is to
identify how much human contributions are contributing to low dissolved oxygen (DO) in
South Puget Sound. Previous reports summarize data collection, nutrient load estimates
for marine point sources and watershed inflows that include point and nonpoint sources,
and the circulation model. This report summarizes the calibration and application of the
water quality model to isolate the impacts from groups of sources. The model predicts the
regional and seasonal patterns of chlorophyll, DO, and nitrogen throughout South and
Central Puget Sound. The model predicts that internal (inside the model domain) current
human nutrient loads from marine point sources and watersheds as well as external (north
of model domain) current anthropogenic loads are causing DO to decline by as much as
0.4 mg/L in portions of Totten, Eld, Budd, Carr, and Case inlets, and East Passage, which
violates the standards. There are not violations across the entire South or Central Puget
Sound. While keeping the external anthropogenic load constant, internal marine point
sources exert a greater impact than human sources within watershed inflows. Reducing
the internal human nutrient load would decrease the magnitude and extent of DO
depletion. Additional scenarios are needed to isolate the effects of individual sources.

#

238 Modeling water exchange and transport timescales in a multiinlet bay system of Puget Sound, Washington

Room:

615/616/617

Date:

4/30/2014

11:15 AM - 11:30 AM

Presenter: Taiping Wang, Pacific Northwest National Laboratory
Authors:

Taiping Wang, Pacific Northwest National Lab; zhaoqing Yang, Pacific
Northwest National Laboratory; Jill Brandenberger, Pacific Northwest National
Laboratory

Abstract: In this study, an integrated modeling framework consisting of the watershed
model HSPF and the hydrodynamic model FVCOM is used to simulate the watershed
hydrology and hydrodynamic circulations in a multi-inlet bay system of Puget Sound, which
includes Liberty Bay, Port Orchard Bay, Dyes Inlet, and Sinclair Inlet. These interconnected
inlets and bays form a unique subsystem that is connected to the Central Basin of Puget
Sound through two narrow passages, namely Agate Passage and Rich Passage. Due to
residential and industrial development in the watershed, degraded water quality has been
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observed in the system and manifests as bacteria contamination, low dissolved oxygen
and harmful algal blooms. All these water quality issues require a good understanding of
the pollutant sources from the watershed and the transport pathways in the receiving
waters, and thus call for an integrated modeling approach based on watershed,
hydrodynamic and water quality models. In this presentation, the high-resolution FVCOM
model is used to simulate the general hydrodynamic circulation in the subsystem and
quantify its physical transport timescales (e.g., residence time) with both neutralbuoyance tracers and Lagrangian particles under various hydrological conditions simulated
by the HSPF model. The results demonstrate that hydrodynamic circulation plays an
important role in explaining some of the water quality issues in the system. The transport
timescales under various hydrological conditions provide useful indicators on how physical
processes modulate pollutant transport and water quality in the subsystem.

#

353 Potential Alteration of Fjordal Circulation Due to a Large Floating
Structure - Numerical Investigation with Application to Hood
Canal Basin in Puget Sound

Room:

615/616/617

Date:

4/30/2014

11:30 AM - 11:45 AM

Presenter: Tarang Khangaonkar, Pacific Northwest National Laboratory
Authors:

at Otter Island. Our results indicate that salt intrusion is much more extensive in the
Snohomish Estuary and that oligohaline habitat conditions can extend through the entire
estuary complex to approximately 2.0 km upstream of the first primary bifurcation along
the mainstem that forms upper Ebey Slough. Application of our mixohaline habitat
classifications may improve spatial data for historical and current vegetation extents and
we apply this analysis to completed and planned restoration projects within the estuary.

Session: S-01B
Room:

608/609

Chair:

Debra Williston

#

320 Characterizing salt intrusion and habitat zones in the Snohomish
River estuary using extensive field data and hydrodynamic
modeling

Room:

615/616/617

Date:

4/30/2014

11:45 AM - 12:00 PM

10:30 AM - 12:00 PM

275 PCBs from Building Materials and Other Sources in the Urban
Environment

Room:

608/609

Date:

4/30/2014

10:30 AM - 10:45 AM

Presenter: Daniel Cargill, WA Dept of Ecology
Authors:

Daniel Cargill, Washington Department of Ecolo

Abstract: There has been a growing awareness that PCBs can be found in open
applications such paints, and elastic sealants used in buildings, concrete aprons at airfields,
and even city streets. Most of the attention has been on facilities constructed between
1950 and 1977, however there is limited evidence that this open use may extend into the
late 1980’s. There is increasing concern about the continued manufacture and distribution
of PCB containing products and some of the unexpected pathways of transport and
deposition. This presentation will present information about the challenges of finding and
controlling sources of PCBs affecting the Duwamish River.

#

272 PCB source tracing in storm drains in the Lower Duwamish
Waterway

Room:

608/609

Date:

4/30/2014

10:45 AM - 11:00 AM

Presenter: Beth Schmoyer, Seattle Public Utilities
Authors:

#

Date: 4/30/2014

The Lower Duwamish Waterway in Seattle, WA is a federal Superfund site contaminated
by PCBs and other contaminants. US EPA is expected to release a final cleanup plan in
2014 for the site. Tracking and reducing sources of PCBs to the Lower Duwamish
Waterway will be an important element of the river cleanup. The challenges of reducing
PCBs in urban environment will be explored. This session will present information about
sources of PCBs from both upriver and within the drainage basin to the Duwamish River.

Tarang Khangaonkar, PNNL; Taiping Wang, Pacific Northwest National Lab

Abstract: Circulation in typical fjords is characterized by a shallow brackish layer at the
surface over a deep long and narrow saltwater column. This surface layer is responsible
for the outflow of water from the fjord and is important for flushing of the basin and water
quality maintenance. The vertical structure of circulation and transport is known to be
easily disrupted, and we postulate that the stability of fjordal circulation may also be
vulnerable to impacts from anthropogenic alterations, such as floating structures, which
could constrict the mixing and transport in the upper layers of the water column. First,
using simplified fjord geometry and a three-dimensional finite volume coastal ocean
model (FVCOM), a baseline examination of tidally averaged current profiles in basins with
and without sills is presented. The response, varying from a partially mixed estuary regime
to classical fjord conditions matches many fjord-like basins such as those in Puget Sound,
Washington. The effect of surface obstruction on tidally averaged currents and residence
times was then examined by incorporation of a narrow block in the surface layer of the
model across the width of the simplified fjord channel such that normal velocity in the
horizontal direction was forced to zero. This block approximated the presence of a
floating bridge and was further tested using the geometry of Hood Canal, a fjordal subbasin with a sill in Puget Sound. The results show that tidally averaged mean outflow
under the influence of such a constraint at the water surface could be reduced
significantly. In the case of Hood Canal, preliminary results indicate that the presence of
the floating bridge might have increased the residence times in the basin by 8 – 13
percent, which could be an important factor affecting water quality

Sources of PCBs in the Green/Duwamish watershed

Beth Schmoyer, Seattle Public Utilities

Abstract: Seattle Public Utilities (SPU) has been tracking PCBs in City-owned storm drains
that discharge to the Lower Duwamish Waterway for the past 10 years. Source tracing
efforts have utilized samples of sediment that has accumulated in drainage pipes and
associated structures (e.g., catch basins, maintenance holes, and vaults) to identify
sources of contaminants to the system. This presentation will provide a few source
tracing success stories and describe lessons learned by SPU.

Presenter: Jason Hall, NWFSC
Authors:

Jason Hall, NWFSC; Tarang Khangaonkar, PNNL; Casimir Rice, NOAA; Joshua
Chamberlin, NOAA/NMFS/NWFSC; Mindy Rowse, NOAA; kurt Fresh,
NOAA/NMFS/NWFSC; Anna Kagley, NOAA/NMFS/NWFSC

Abstract: Tidal flooding is the primary driver of physical attributes (e.g., hydrology,
elevation, channel morphology, and soil chemistry) that determine the biological
characteristics of estuarine ecosystems (e.g., vegetation and animal assemblages), but
many of the specific cause and effect relationships are not well established. Uncertainties
concerning restoration response/effectiveness, habitat-biota relationships, and climate
change impacts on estuarine ecosystems are often related to unquantified hydrological
parameters. The Snohomish River estuary is the focus of numerous restoration projects;
including 241 hectares of completed projects; 529 hectares of projects that are in process
or have completed designs; 156 hectares of projects with 30-60% completed designs; and
an additional 1,067 hectares of projects that are in the conceptual, feasibility, or
preliminary design phase. To support restoration design and monitoring in the Snohomish
River estuary, we synthesized data from multiple sources to improve our understanding of
salt intrusion and habitat characteristics in the estuary. We used data collected from
discrete surface water sampling, discrete water column profiling, continuous water sensor
monitoring, and hydrodynamic modeling efforts to classify mixohaline habitats in the
estuary; polyhaline (18 – 30 ppt), mesohaline (5 – 18 ppt), oligohaline (0.5 – 5 ppt), and
freshwater (0 – 0.5 ppt). Previous descriptions of salt intrusion in the Snohomish River
estuary suggested that salt intrusion was limited to areas downstream of the Steamboat
Slough bifurcation and the Ebey/Union/Steamboat slough bifurcation/confluence complex
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#

373 Spatial and temporal differences and congener content in bulk air
deposition of PCBs in the Green/Duwamish River Basin

Room:

608/609

Date:

4/30/2014

11:00 AM - 11:15 AM

Presenter: Jenee Colton, King County Water and Land Resources Division
Authors:

Jenee Colton, King County WLRD; Carly Greyell, King County DNRP; Richard
Jack, King County WLRD

Abstract: PCBs are a major contaminant of concern in the Lower Duwamish Waterway
Superfund Site. King County wants to understand the relative contributions of atmospheric
deposition to the Lower Duwamish Waterway. Thus, King County conducted a bulk air
deposition study in 2011/2012 and a second study in 2013 to examine how PCB deposition
varied with land use. Seven stations were passively sampled along a gradient of
development from the Lower Duwamish River Valley to Enumclaw for metals, PAHs, PCBs
and dioxin/furans; however, this presentation will focus on the PCB results. Samples were
collected intermittently over approximately a year period for the first study and over nine
months for the second study. Samples were analyzed for 209 PCB congeners. When
possible, sampling stations were selected at Puget Sound Clean Air Agency monitoring
stations. Stations during the first study included two in the Lower Duwamish River Valley
(Duwamish and South Park), one at Beacon Hill, two in Kent and one in Enumclaw. Stations
in the second study included three in the Lower Duwamish Valley (Duwamish, South Park
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and Georgetown) and one at Beacon Hill. These stations varied with different mixes of
land use (industrial, commercial, residential) and development (urban, suburban and
rural). Daily deposition rates were calculated for each sample and compared between
stations and over different time periods. Multivariate analysis was used to test for
significance of environmental factors in affecting deposition rates. Differences in the
relative contributions of different PCB congeners to the total were also examined among
stations. Results from the first study showed total PCB deposition was higher at the Lower
Duwamish River Valley stations than the others. The results from 2013 will be compared
with those of the first study.

#

308 Evaluation of PCB Congeners in Surface Waters from the Green
River and its Major Tributaries

Room:

608/609

Date:

4/30/2014

11:15 AM - 11:30 AM

Presenter: Deb Lester, King County
Authors:

Deb Lester, King County; Debra Williston, King County DNRP; Carly Greyell,
King County DNRP

Abstract: The Green River Basin is a source of PCBs to the Lower Duwamish Waterway
(LDW) Superfund Site. Therefore, King County conducted a water quality assessment to
examine relative differences of PCB concentrations in the Green River and four of its
major tributaries. The study was designed to address the following questions: 1) How do
the relative contributions of key contaminants differ between baseflow and storm event
conditions? 2) What are the relative spatial differences in key contaminants in the Green
River and its major tributaries? In 2011 and 2012, surface water samples were collected
from four major tributaries to the Green River, as well as two main stem Green River
locations: an upstream location at Flaming Geyser State Park, and a downstream location
at Foster Links Golf Course. At each of the six locations, three composite baseflow and six
composite storm event samples were collected. All samples were analyzed for arsenic,
PAHs, PCB congeners and conventional parameters; however this presentation will focus
only on PCB results. In most samples, PCB concentrations were higher during storm events
than under baseflow conditions. PCB concentrations during storm events tended to be
higher at the three most downstream locations. Under baseflow conditions, PCB
concentrations were similar across the tributary basins and the main stem locations with
the exception of one sample collected from Soos Creek. Additional data from sampling
stations further upstream on the Green River, including above the Howard Hanson Dam
were collected in 2013; these data will also be presented. Data from this study will be used
as a line of evidence to evaluate upstream contaminant sources to the LDW, improve the
understanding and nature of these inputs (e.g., influence of storm events), and inform
future source control efforts in the watershed.

#

307 PCBs Associated with Suspended Solids in the Green River Basin

Room:

608/609

Date:

4/30/2014

11:30 AM - 11:45 AM

Presenter: Debra Williston, King County Water and Land Resources Division
Authors:

Debra Williston, King County DNRP; Deb Lester, King County

Abstract: Sources of PCBs to the Lower Duwamish Waterway Superfund Site include the
urban drainage basin as well as inputs from upstream portions of the Green River
Watershed, which are likely a long-term source of these contaminants to the waterway.
To better understand contaminants in the upper watershed, suspended solids samples
were collected from four major tributaries to the Green River (Newaukum, Soos and Mill
Creeks and the Black River), as well as at two locations on the main stem Green River: an
upstream location at Flaming Geyser State Park and a downstream location at Foster Links
Golf Course. Two collection methods were used: sediment traps and filtered solids
collected by pumping water through filter bags. The sediment traps were deployed for
approximately three months over a year-long period. The filtered solids were collected
over a 24-hour periods during both baseflow and storm event conditions with a target of
one baseflow event and five storm events. While all samples were analyzed for PCBs,
polycyclic aromatic hydrocarbons, arsenic and conventional parameters, this presentation
will focus on the results for PCBs, grain size and total organic carbon.

#

193 Loading estimates of PCBs from upstream sources transported by
the Green-Duwamish River, WA to the Lower Duwamish
Waterway

Room:

608/609

Date:

4/30/2014

11:45 AM - 12:00 PM

Abstract: The sediments in the Lower Duwamish Waterway (LDW) in Seattle, Washington
are contaminated with polychlorinated biphenyls (PCBs) from decades of intense
industrial, commercial, and residential activities. Previous studies predicted that greater
than 99 percent of new sediment entering the LDW will originate from upstream sources.
The U.S. Geological Survey (USGS) is conducting field monitoring to estimate sediment
loads and sediment-associated toxic chemical loads from upstream sources in the
watershed that are transported by the Green-Duwamish River to the LDW. Two new realtime stream gaging stations in tidally-influenced reaches of the Green-Duwamish River
upstream of the LDW were installed (at River Mile, RM, 5 and 10). Each station utilizes an
Acoustic Doppler Velocity Meter and turbidity sensor to provide continuous, publiclyavailable discharge and turbidity data. During a range of hydrological conditions
representing seasonal, storm-, and dam-related variations in flow and/or turbidity, the
USGS is collecting representative samples of water, suspended sediment and bed
sediment from the upstream station (RM 10) for analysis of a broad suite of contaminants
including PCB Aroclors and 209 congeners. Concurrent with the chemistry sampling, the
USGS is measuring discharge, suspended sediment concentration and particle size
distribution, and general water quality parameters. The resulting data is being used to
develop regression relations between discrete samples and continuous turbidity and
discharge to improve estimates of event, seasonal, and annual sediment loading and
sediment-associated chemical loading from the Green-Duwamish River to the LDW. During
a spring 2013 storm event with peak flows of 5000 cubic feet per second, a suspended
sediment-associated loading of approximately 200 mg/hr of PCBs was estimated, which
was more than 50 times higher than low-flow loading estimates. This presentation will
provide preliminary results from the first phase of the study and describe current
monitoring activities.

Session: S-01C

Salish Sea Marine Vessels: Programs and Impacts

Room:

606

Chair:

Aaron Barnett

#

Date: 4/30/2014

10:30 AM - 12:00 PM

624 Noise impacts in the Salish Sea under commercial shipping
growth scenarios

Room:

606

Date:

4/30/2014

10:30 AM - 10:45 AM

Presenter: Scott Veirs, Beam Reach Marine Science & Sustainability
Authors:

Scott Veirs, Beam Reach Marine Science & Sustainability; Val Veirs, Colorado
College; Jason Wood, Sea Mammal Research Unit

Abstract: We present underwater noise pollution levels and statistics from ~7000
commercial ships that transited Haro Strait in a 30-month period during 2011-2013. Bulk
carriers make up 34% of the ships, while tankers constitute 5% of the traffic. On average
22.5 ships pass Lime Kiln lighthouse each day, or about 1 per hour. We combine typical
source levels from specific vessel classes with the auditory thresholds of marine mammals
that inhabit the Salish Sea to model how increased noise reduces communication and
foraging space, particularly for the endangered Southern Resident killer whales. Finally,
we compare how acoustic impacts change under different growth scenarios for
commercial shipping, including: increased proportion of tankers; increased proportion of
bulk carriers; increased traffic with constant proportion of ship classes.

#

133 Washington State Clean Vessel Program

Room:

606

Date:

4/30/2014

10:45 AM - 11:00 AM

Presenter: Alan Wolslegel, Washington State Parks
Authors:

Alan Wolslegel, Washington State Parks

Abstract: Washington State is a participant in the Clean Vessel Act (CVA) Matching Grant
Program – the primary funding source for marine sewage pumpout equipment, services
and education in the United States. Since 1992, United States’ waters have benefited from
a nationwide network of over 6,000 pumpout stations, measurably diverting millions of
gallons of raw sewage from direct overboard discharge to upland treatment facilities. In
Washington over 4 million gallons of raw sewage were pumped out of recreational vessels
in 2012 and possibly more in 2013. The goal of this presentation is three-fold, 1. provide
an overview of the broader CVA program, 2. the CVA program at work in Washington
State, and 3. initiate discussion on future CVA activities and educational materials for
boaters and stakeholders with potential to benefit both Washington and British Columbia
waters.

Presenter: Robert Black, US Geological Survey
Authors:

Kathleen Conn, USGS; Robert Black, USGS; Ron Timm, WA Department of
Ecology; Andrew Smith, WA Department of Ecology
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211 CVA Pumpout Education and Outreach in Washington:
Communicating to Boaters Using a Multi Media Approach
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11:00 AM - 11:15 AM

Presenter: Aaron Barnett, Washington Sea Grant
Authors:

Aaron Barnett, Washington Sea Grant

Abstract: Through the Clean Vessel Act (CVA) of 1992 and in partnership with Washington
State Parks Commission since 2009, Washington Sea Grant, has been responsible for
education and outreach on the impacts of boater sewage using pumpouts. Over the past
four years various media messaging options have been directed at Washington boaters
and some boaters from British Columbia. This paper outlines three different types of
messaging avenues, how they work by comparison and how recreational boaters react to
them. They are traditional print and broadcast media,electronic web-based and social
media and direct person-to-person outreach.

#

287 Preventing Vessel-Generated Pollution through Voluntary
Environmental Certification: Best Management Practices for
Boating in the Salish Sea

Room:

606

Date:

4/30/2014

11:15 AM - 11:30 AM

499 Clean Marine BC and Recreational Vessel Pollution Prevention

Room:

606

Date:

4/30/2014

11:30 AM - 11:45 AM

Presenter: Michelle Young, Georgia Strait Alliance
Authors:

Michelle Young, Georgia Strait Alliance

Abstract: Recreational vessels can be a significant source of pollution in the marine
environment; sewage, bilge, and greywater discharges, fuel and hydrocarbons leaks, and
toxic paints and maintenance products can all contribute to damaging our shared oceans.
Fortunately there are many positive solutions available. This presentation will speak to the
challenges and opportunities in preventing and mitigating multiple sources of pollution
from recreational boating and marinas in BC, with a focus on the Clean Marine BC (CMBC)
program. CMBC is a voluntary eco-certification program which recognizing marinas, yacht
clubs, harbour authorities and boatyards for their implementation of environmental best
practices. Green boating education and outreach is a significant component of CMBC. The
program is run by Georgia Strait Alliance (GSA), a solutions-oriented marine conservation
organization. GSA is a member of the Pacific Oil Spill Prevention and Education Team
(POSPET), a trans-boundary initiative spanning the waters from Alaska to California. Our
work focuses on the Strait of Georgia region, the portion of the Salish Sea north of the
Canada-U.S border.

#

700 The Pacific States – British Columbia Oil Spill Task Force

Room:

606

Date:

4/30/2014

11:45 AM - 12:00 PM

Presenter: Sarah Brace, Veda Environmental
Authors:

Room:

611/612

Chair:

Casimir Rice

Sarah Brace

Abstract: The Pacific States/British Columbia Oil Spill Task Force (Task Force) was formed
as a result of the Nestucca barge incident in 1988 and the Exxon Valdez spill in 1989. The
intention behind the formation of the Task Force was to coordinate, support and enhance
oil spill prevention and response efforts across the West Coast. Over the past 25 years, the
Task Force has help develop both national and regional policy on oil spill prevention and
response, and also supported regional and local outreach efforts aimed as preventing
spills from small boats, marinas, and recreational vessels. The Pacific Oil Spill Prevention
and Education Team (POSPET) was formed in 1991 to bring together educators and
outreach personnel form across the western states and British Columbia, to foster
collaboration and coordination on prevention efforts. POSPET tracks certified "Clean
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Date: 4/30/2014

10:30 AM - 12:00 PM

The intent of this session is to explore spatial and temporal patterns of pelagic ecosystem
attributes of the Salish Sea in the context of past and future human activity. Submissions
are encouraged from a wide range of pelagic research and monitoring efforts in the US
and Canada; confirmed session content includes landscape scale results from: abiotic and
lower to middle trophic level attributes of surface waters, long-term biogeochemical
monitoring, and fish surveys using trawl and acoustic methods in the water column.

Andy Gregory, Puget Soundkeeper Alliance

Abstract: Voluntary Environmental Clubs can be found across business sectors and provide
opportunities for members to promote and market their businesses while encouraging
customers to protect the environment. The Clean Marina Washington Program and its
Canadian counterpart Clean Marine BC, provide marinas with a set of Best Management
Practices (BMPs) and a rigorous certification process aimed at preventing boatergenerated pollution. In Washington nearly one-third of all marinas are certified and even
more have implemented BMPs that ensure compliance with existing State and Federal
laws and promote proactive policies to address high-risk behaviors. Through improved
trans-boundary coordination and outreach, these programs have the potential to provide
consistent messaging to the boating public and to implement stricter environmental
policies than are currently required by law.

#

Session: S-01D Pelagic Ecology in the Salish Sea I: Landscape and Human
Contexts

#

Presenter: Andy Gregory, Puget Soundkeeper Alliance
Authors:

Harbors" and "Clean Marinas" across the jurisdictions, develops and distributes outreach
materials on best management practices, and serves as a resource for tools and outreach
strategies for the Task Force and other organizations. This presentation will provide a brief
overview of the Task Force, a short history of POSPET, and several examples of how
POSPET has helped made a difference in small spill prevention across the West coast.

318 Physical attributes of nearshore waters across greater Puget
Sound, with an emphasis on dissolved oxygen and pH

Room:

611/612

Date:

4/30/2014

10:30 AM - 10:45 AM

Presenter: Jason Hall, NWFSC
Authors:

Jason Hall, NWFSC; Linda Rhodes, NOAA; Christopher Krembs, Washington
Department of Ecology; Correigh Greene, NOAA Fisheries; Casimir Rice,
NOAA; Joshua Chamberlin, NOAA/NMFS/NWFSC

Abstract: The pelagic zone is a major part of the Puget Sound ecosystem that is sensitive
to human influences, yet our understanding of relationships among its abiotic features,
water quality, biota, and anthropogenic influences in spatial and temporal context is
limited. To characterize the pelagic zone in greater detail, we conducted a multi-trophic
level assessment that measured over 20 potential indicators of pelagic ecosystem health
at 79 sites in six oceanographic basins of Puget Sound from April to October 2011. Among
the many strong spatiotemporal patterns observed were basin and seasonal differences in
temperature, salinity, and turbidity linked to freshwater influences; and inorganic nutrient
concentrations. DO concentrations also followed distinct seasonal patterns within
oceanographic basins. Seasonally, the monthly percentage of sites with DO concentrations
below the threshold for biological stress of 5 mg L-1 increased from 0% in April to 45% in
October. Spatially, DO concentrations below 5 mg L-1 were recorded at sites within all
basins with the exception of the Central basin. By October, the proportion of sites with
biologically stressful DO concentrations was highest among sites in Rosario (100%), Hood
Canal (77%), and Whidbey (75%) basins. A persistent significant positive correlation
between DO and pH was observed across Puget Sound. Both the strength (R2) and
magnitude (slope) of the relationship increased with depth. This linkage was also observed
in independently collected water column profiles by the Washington State Department of
Ecology (WDOE) in 2011 over the same geographic extent. Furthermore, a 22-year long
WDOE dataset (1990-2011) indicates that the relationship between DO and pH may be a
persistent predictable feature in Puget Sound with biological implications, given that
biological stress associated with low DO is likely to be accompanied by low pH stress.

#

404 Patterns and relationships of lower trophic levels of Puget
Sound's pelagic food web

Room:

611/612

Date:

4/30/2014

10:45 AM - 11:00 AM

Presenter: Linda Rhodes, NOAA
Authors:

Linda Rhodes, NOAA; Anne Baxter, NOAA - NWFSC; Zack Oyafuso, University
of Hawai'i; Jason Hall, NWFSC; Sean Naman, 2University of British Columbia,
Zoology Graduate Program, Vancouver, British Co; Casimir Rice, NOAA; Joshua
Chamberlin, NOAA/NMFS/NWFSC; Correigh Greene, NOAA Fisheries

Abstract: Unicellular microscopic organisms are the interface between the marine
chemical domain and the pelagic food web. Phytoplankton, bacteria, and archea transfer
molecules to and from food webs, but can be limited by physical parameters such as
insolation and temperature. A geographically extensive survey of Puget Sound in 2011
addressed patterns and relationships of the lower trophic levels of the pelagic food web.
Chlorophyll a and fluorescence (primary production proxies) were positively associated
with bacterial biomass and heterotrophic production, while all four of these biotic
measures displayed strong inverse relationships with dissolved nutrients. These
observations coupled with nitrate stable isotope results suggest microbes were effectively
regulating inorganic nitrogen and phosphorous concentrations. The abundance of
picophytoplankton was positively associated with cyanobacterial (Synecococcus spp.)
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abundance, the abundance of low nucleic acid bacterioplankton, silicic acid concentration,
and pH across the six oceanographic basins surveyed, indicating coordinated fluctuations
of microbial subsets and abiotic conditions. The structures of bacterial communities, which
were characterized by DNA profiling, displayed convergent patterns between adjacent
oceanographic basins over time, with highest similarities occurring in the fall. Hood Canal,
however, was distinct from other basins in bacterial community structure and in
concentration of dissolved inorganic nitrogen. Anthropogenic influences were measured
by detection of human-sourced or bovine-sourced fecal indicators, which were observed
most frequently at sites near urban centers or in basins with higher densities of dairy
operations, respectively. These observations highlight the value of integrated
measurements in evaluating lower trophic levels of pelagic food webs.

length and basal resource diversity exhibited contrasting seasonal patterns among basins
with values decreasing seasonally in northern basins (Whidbey and Rosario) and increasing
in southern basins (Central and South Sound). Taken as a whole, our observations suggest
that the trophic ecology and overall structure of pelagic fish and jellyfish are heavily
influenced by local processes at the sub-basin scale as well as temporally dynamic biotic
processes such as changes in body size. Our analysis provides an important groundwork to
understand how Puget Sound’s pelagic ecosystem is structured and why it may be
changing.

#

418 The influence of land use on the nearshore pelagic foodweb

Room:
#

454 LANDSCAPE AND SEASONAL COMPOSITION OF FISH AND
JELLYFISH ASSEMBLAGES IN PUGET SOUND SURFACE WATERS,
AND RELATIONSHIPS TO LOWER TROPHIC LEVELS AND ABIOTIC
ATTRIBUTES

Room:

611/612

Date:

4/30/2014

Authors:

Authors:

11:00 AM - 11:15 AM

Presenter: Casimir Rice, NOAA
Casimir Rice, NOAA; Correigh Greene, NOAA Fisheries; Linda Rhodes, NOAA;
Anne Baxter, NOAA - NWFSC; Joshua Chamberlin, NOAA/NMFS/NWFSC; Jason
Hall, NWFSC

Abstract: In Puget Sound, an oceanographically diverse and urbanized fjord estuary,
understanding of pelagic ecology is poor, and systematic monitoring and assessment of
living systems has long been neglected. As part of a project exploring assemblage
composition of lower to middle trophic levels (microbes, phytoplankton, zooplankton,
small pelagic fishes, and jellyfish) in surface waters across five oceanographic sub-basins
of greater Puget Sound, we looked at biomass composition of fish and jellyfish
assemblages, and related that structure to other trophic levels. In data from monthly
sampling of 79 sites from April to October, 2011, biological composition differed
geographically and seasonally but geographic differences were more distinct, and
assemblage structure from each trophic level correlated with the other trophic levels and
a suite of abiotic attributes. With respect to middle trophic levels, fish dominated in the
two northern basins, whereas jellyfish dominated in the three southern basins. The strong
biotic and abiotic spatial structure observed in our results indicates that different pelagic
food webs exist across the Puget Sound ecosystem. Consequently, target conditions,
current health status, or both, cannot be uniform across greater Puget Sound. These are
critical considerations for management of the Puget Sound ecosystem, and we expect that
further analysis of our results in the context of other studies will improve our
understanding of the underlying causes of the patterns we observed across Puget Sound.

521 Trophic structure of pelagic fish and jellyfish across spatial and
seasonal gradients in the greater Puget Sound

Room:

611/612

Date:

4/30/2014

11:15 AM - 11:30 AM

Date:

4/30/2014

Correigh Greene, NOAA Fisheries; Casimir Rice, NOAA; Linda Rhodes, NOAA;
Jason Hall, NWFSC; Joshua Chamberlin, NOAA/NMFS/NWFSC; Sean Naman,
2University of British Columbia, Zoology Graduate Program, Vancouver, British
Co; Anne Baxter, NOAA - NWFSC; Jeffrey Cordell, University of Washington

436 Can long term-nitrogen increases affect pelagic food web
processes and the vertical structure of biogeochemical processes
in Puget Sound?

Room:

611/612

Date:

4/30/2014

Presenter: Sean Naman, University of British Columbia

Presenter: Christopher Krembs, WA Dept of Ecology

Authors:

Authors:

Sean Naman, 2University of British Columbia, Zoology Graduate Program,
Vancouver, British Co; Correigh Greene, NOAA Fisheries; Casimir Rice, NOAA;
Linda Rhodes, NOAA; Jason Hall, NWFSC; Joshua Chamberlin,
NOAA/NMFS/NWFSC

Abstract: Recent analysis of community structure in the pelagic ecosystem of the greater
Puget Sound has revealed a shift in species composition and abundance in some areas
from those dominated by fish to those dominated gelatinous mesozooplankton
(“jellyfish”). Unfortunately, the mechanisms behind these shifts are unclear due to a
deficit of ecological understanding of this system. The analysis of foodweb structure,
which reflects the flow of carbon and nutrients, is useful to complement composition and
abundance information in order to understand the energetic processes underlying pelagic
communities and why they may be changing. In this talk, we examine foodweb structure
and trophic ecology of middle trophic level pelagic fish and jellyfish in six oceanographic
sub-basins in Puget Sound from April to October 2011. Specifically, we assessed spatial
and seasonal variation in 1) the isotopic composition of abundant species of salmonids,
forage fish and jellyfish, 2) the trophic overlap between fish and jellyfish and 3) foodweb
attributes of whole pelagic communities including niche width, trophic length and basal
resource diversity. At the species level, there were strong spatial differences in isotopic
composition among sub-basins. Seasonal patterns, possibly suggesting ontogenetic diet
shifts or changes in basal carbon sources, were also evident but were more pronounced in
fish than jellyfish. The degree of trophic overlap between fish and jellyfish varied among
sub-basins and generally decreased seasonally. At the community level, overall community
niche width was higher in Whidbey basin in spring and summer months then switched to a
north-south gradient in fall months with the highest value in South Sound. Both the trophic

Generated: 4/29/2014 11:54 AM

11:30 AM - 11:45 AM

Abstract: In the oceanographically diverse and urbanized fjord estuary we know as greater
Puget Sound, our scientific understanding of pelagic ecology is poor, and systematic
monitoring and assessment of living systems has long been neglected. Improved
understanding of biological responses to our human footprint is needed to predict the
response of the pelagic ecosystem to human actions. In this talk, we examine existing
spatial and seasonal patterns of Puget Sound’s nearshore pelagic foodwebs measured
along natural and anthropogenic gradients. We tested whether abiotic and biotic metrics
were sensitive to land use activities (urbanization and agriculture) in the catchments
surrounding sampling sites in nearshore pelagic waters. To address this question, we
conducted a large survey effort (monthly sampling of 79 sites from April to October) in
2011 examining multiple foodweb components in nearshore surface waters of six
oceanographic sub-basins of Puget Sound. We observed strong spatial and seasonal
structure in a suite of abiotic variables (e.g., temperature, dissolved oxygen, pH, inorganic
nutrients) and biological attributes (e.g., bacterial production, chlorophyll a
concentrations, zooplankton density, catch of fish and jellyfish). Despite this large-scale
variation, many metrics nevertheless exhibited associations with local measures of land
use, although these associations were often subtle (< 10% of the observed variation) and
variable across basins. The general pattern was that abiotic and lower trophic attributes
were more sensitive and fish abundance and diversity were less sensitive. These findings
suggest that current management practices that assume uniform conditions across Puget
Sound and that ignore the cumulative effects of land use actions are unlikely to adequately
redress human impacts on pelagic ecosystems.

#
#

611/612

Presenter: Correigh Greene, NOAA Fisheries

11:45 AM - 12:00 PM

Christopher Krembs, Washington Department of Ecology; Skip Albertson,
Ecology; Julia Bos, ; Carol Maloy, WA Department of Ecology; Mya Keyzers,
Ecology; Brandon Sackmann, Integral Consulting; Laura Hermanson, Ecology;
Maggie Dutch, WA State Dept. of Ecology

Abstract: Analyses of Ecology’s longterm monitoring data has indicated that in the pelagic
zone of Puget Sound, nutrient concentrations have significantly increased, and nutrient
ratios and phytoplankton biomass have steadily changed over the last 14 years. We have
also documented a wide-spread decline in benthic community abundance. The cause and
impacts of these trends have potential implications for marine food web structure, energy
transfer, particle export, vertical structure of biogeochemical rate processes, and oxygen
drawdown at depth. Puget Sound, because of its proximity to the cold, nutrient-rich
Pacific Ocean, is thought of as a diatom-dominated marine food web supporting higher
trophic levels via a productive, short food chain with high export production to benthic
communities. Phytoplankton species respond to the nutrient composition, physical
character of the water column, and zooplankton grazers. Through Ecology’s long-term
marine monitoring program and aerial surveys, we frequently document extensive algal
blooms, Noctiluca blooms at the surface. Many of the phytoplankton blooms show high
abundances of autotrophic flagellates. Depth-integrated algal biomass, on the other hand,
revealed a steady decline from 1999 to 2013. These seemingly opposing observations –
increasing nutrients and high algal biomass at the surface and decreasing phytoplankton
biomass below the surface - could provide clues to phytoplankton species and food web
shifts resulting in reduced organic material export and weaker benthic-pelagic coupling
that could explain the long-term decline in deeper-water benthic communities in Puget
Sound by 45%. We will conceptually draw these different and opposing observations into a
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larger cohesive hypothesis and connect changes in Puget Sound’s nutrient balance to
larger scale processes of material and energy cycling in Puget Sound.

Session: S-01E

Eelgrass Wasting Disease: A Potential Threat to Salish Sea
Ecosystem Health

Room:

613/614

Date: 4/30/2014

Chair:

Sandy Wyllie-Echeverria

10:30 AM - 12:00 PM

655 Eelgrass Wasting Disease: an Overview

Room:

613/614

Date:

4/30/2014

10:30 AM - 10:45 AM

Presenter: Fred Short, WA Dept of Natural Resources
Authors:

#

596 Life of an opportunistic marine pathogen, Labyrinthula zosterae

Room:

613/614

Date:

4/30/2014

11:00 AM - 11:15 AM

Presenter: Colleen Burge, Cornell University

This Special Session will focus on observed outcomes of infection to Zostera marina
(eelgrass) by the marine pathogen Labyrinthula zosterae. Invited papers will be followed
by a round-table discussion

#

prevalence across 11 sites. At some of these sites eelgrass standing stock is in decline. We
discuss the relevance of our work to seagrass declines in the Salish Sea and regional
practices designed to protect Z. marina.

Fred Short, WA DNR

Abstract: During the 1930s, ‘wasting disease’ decimated eelgrass, Zostera marina L.,
meadows along the Atlantic Coast of North America and Europe with over 90% loss.
Outbreaks of wasting disease were also documented in the Pacific Northwest and New
Zealand. Wasting disease continues to affect eelgrass meadows with variable degrees of
loss, though none as catastrophic as the 1930s. Speculations concerning the causative
agent of the 1930s wasting disease included microorganisms, oil pollution, drought, or
changes in salinity, temperature, or irradiance. In 1987, it was shown using Koch’s
postulates that the eelgrass wasting disease is caused by infection with a marine slimemold-like protist, Labyrinthula zosterae, a host-specific pathogen. Wasting disease
infection spreads either through direct contact with an infected growing plant or drifting
detached plant parts. The initial symptoms are black-brown areas on the leaves, which, as
the infection develops, coalesce to form patches, larger blackened spots and streaks;
ultimately, the plant dies. The photosynthetic efficiency of green leaves is reduced by half
at the margins of the necrotic region, and above these blackened spots photosynthetic
activity is diminished. Microscopic examination of necrotic leaves reveals that the
pathogen moves rapidly (175 μm min–1) through tissues, penetrating cell walls. The
protist initiates enzymatic degradation of the cell wall and destruction of the cytoplasm,
creating the black spots. Labyrinthula activity slows at salinities less than 20 to 25.
Elevated temperature and low light were implicated in the 1930s epidemic. Recent studies
show that elevated temperature and prolonged low light levels create metabolic stress
which increases plant susceptibility to the disease while high phenolic levels in eelgrass
reduce susceptibility. The reports of unexplained eelgrass die-off in Californian estuaries,
as well as observations of blackened leaf tissue along the west coast, prompt the need for
scientific investigation of wasting disease across the region.

Authors:

Colleen Burge, Cornell University; Maya Groner, University of Prince Edward
Island; Sandy Wyllie-Echeverria, Univ. Washington; Catherine Kim, Cornell
University; Drew Harvell, Cornell University

Abstract: Infectious disease is a critical component of healthy ecosystem function,
however recent evidence indicates increased mortalities due to infectious disease in both
terrestrial and marine environments. Mass mortalities affecting ecosystem engineers,
such as corals, oysters, and eelgrass due to disease have lead to widespread ecosystem
change. In eelgrass, the primary pathogen of concern is Labyrinthula zosterae, a funguslike protist, a Labyrinthulmycete, which is the causative agent of eelgrass wasting disease.
Eelgrass wasting disease is of global concern, detected first in Europe and the US Atlantic
Coast in the 1930’s in association with mass mortalities, and has been detected in the
Salish Sea. L. zosterae is considered an opportunistic pathogen, and like other
opportunistic pathogens, L. zosterae are ubiquitous in the environment (waters,
sediments, and hosts). By definition, opportunistic pathogens cause disease only in
immune-compromised or stressed hosts, however preliminary data indicate multiple L.
zosterae strains of varying virulence may exist, and a combination of stress (such as
temperature, salinity, or nutrients) and strain virulence may lead to development of
eelgrass wasting disease. Eelgrass wasting disease is commonly identified by the presence
of black lesions on eelgrass blades (also a general sign of stress), but as an opportunist, L.
zosterae can be detected in the tissues of healthy and diseased individuals. Given the
challenges of diagnosing wasting disease, improved diagnosis of L. zosterae is of particular
importance. In order to better diagnose L. zosterae infections in eelgrass beds in the
Salish Sea, we have been using multiple diagnostic tests, L. zosterae isolations and
challenges to confirm the infectious nature of L. zosterae isolated from Salish Sea eelgrass.
Improved detection of wasting disease and L. zosterae strain identification is of
importance to eelgrass management and restoration in the Salish Sea, and may be an area
of interest for community outreach.

#

904 Discussion Panel

Room:

613/614

Date:

4/30/2014

11:15 AM - 11:30 AM

Date:

4/30/2014

11:30 AM - 11:45 AM

Date:

4/30/2014

11:45 AM - 12:00 PM

Presenter: ,
Authors:
Abstract:

#

584 Identification of demographic and environmental risk factors
associated with eelgrass wasting disease in the Salish Sea

Room:

613/614

Date:

4/30/2014

10:45 AM - 11:00 AM

Presenter: Maya Groner, University of Prince Edward Island
Authors:

Maya Groner, University of Prince Edward Island; Colleen Burge, Cornell
University; Sylvia Yang, Western Washington University; Kathy Van Alstyne,
Western Washington University; Sandy Wyllie-Echeverria, Univ. Washington;
Drew Harvell, Cornell University

Abstract: As we increase our studies of marine diseases and their population- and
community- level impacts, the role of opportunist pathogens in causing disease is often
overlooked. These pathogens are often ubiquitous in the environment, but cause disease
only under certain conditions such as immunosuppression due to environmental stress.
While direct management of pathogens is often unrealistic in the marine environment,
management of the environmental stressors leading to increased vulnerability to disease
may be possible. Eelgrass wasting disease, caused by the opportunist pathogen,
Labyrinthula zosterae, is commonly associated with severe population declines of the
temperate seagrass Zostera marina at times resulting in a local extinction event. While this
pathogen is omnipresent, disease outbreaks only occur occasionally. Factors that lead to
these outbreaks are largely unknown, however some phenolic compounds have been
shown to inhibit L. zosterae in vitro. It has been hypothesized that environmental stressors
causing decreased phenolic concentrations will cause more disease. Here we present
survey data of a current outbreak of eelgrass wasting disease in the San Juan Archipelago
and Northern Puget Sound regions of the Salish Sea. We confirm that lesions in the field
are due to infection with Labyrinthula using histology and culturing techniques. Then we
describe the relationship between climatic factors including water movement and
temperature, host factors including demography and phenolic concentrations and disease
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906 Discussion Panel
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Session: S-01F

Salish Sea Governance and Citizen Participation
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Chair:

Richard Anderson
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614 Evaluating Puget Sound Marine Protected Areas to Improve MPA
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Policy and Implementation
Room:

602/603

Date:

4/30/2014

10:30 AM - 10:45 AM

Presenter: Todd Stevenson, University of Washington
Authors:

Todd Stevenson, University of Washington; Patrick Christie, University of
Washington; David Fluharty, University of Washington; Brad Warren, Global
Ocean Health, SFP & NFC; Richard Pollnac, University of Rhode Island

Abstract: In 2009, an inventory concluded there were 127 MPAs across the State of
Washington. Despite this large number, relatively little is known about how well the MPAs
are managed or how to improve their effectiveness, particularly in the Puget Sound. To
understand how Puget Sound MPAs function from a social-ecological perspective, we will
investigate the following key research questions: (1) What conditions and processes lead
to successful MPA implementation?; (2) What are the opportunities for Puget Sound MPA
planning processes to improve MPA management effectiveness and declare new,
successful MPAs?; and (3) Should MPAs be used to increase social-ecological resilience in
response to rockfish recovery needs, habitat loss, changing use patterns of Puget Sound
resources, ocean acidification, and concomitant climate stresses? We will investigate
these questions using literature reviews, key informant interviews, survey instruments,
semi-structured interviews, and reviews of ecological monitoring data. Additionally, we
will perform a scenario-planning workshop to improve MPA management, help resolve
long-standing disagreements between various constituency groups, and possibly identify
new MPA sites. We will also investigate whether impacts from climate change could serve
as a potential “common ground” between disparate stakeholders for designing and
evaluating spatial conservation strategies in a changing environment. Treaty tribes, who
have unique rights and authorities as resource co-managers, are explicitly included in our
research and scenario planning exercise. The objective of our presentation is to share our
preliminary project design and solicit feedback to potentially improve it.

#

466 A Partnership Between State and Tribal Department of Natural
Resources

Room:

602/603

Date:

4/30/2014

10:45 AM - 11:00 AM

Presenter: Sam Barr, Samish Indian Nation
Authors:

spent planning and implementing a service project related to Puget Sound recovery
priority actions. In this presentation, we will discuss the unique history of the CATS
program, our approach to participant recruitment, curriculum development and
implementation, and program evaluation. We believe that CATS represents a model that
should be replicated around the Salish Sea- by combining the more standard ecosystem
education components with a detailed overview of the regulations and regulatory
agencies that manage Puget Sound resources we are teaching the science of the Sound
through the lens of the policy that affects shorelines and watersheds. Throughout the
curriculum, we stress the opportunities for public involvement in the regulatory process so
that our students can walk away with all the tools to be effectively engaged citizens of
Puget Sound.

#

Room:

602/603

Date:

4/30/2014

11:30 AM - 11:45 AM

Presenter: Scott Williamson, Puget Sound Partnership
Authors:

Scott Williamson, Puget Sound Partnership

Abstract: The Puget Sound Partnership is charged with coordinating development and
implementation of an Action Agenda to recover a healthy Puget Sound. Puget Sound has
17 Treaty tribes, 12 counties, 100 cities, and countless non-profit and special purpose
district groups that are working on important aspects of Puget Sound recovery. In 2008,
the Puget Sound Partnership, along with Washington Department of Ecology, and the
Washington Department of Fish and Wildlife in collaboration with tribes, the Washington
State Association of Counties, and the Association of Washington Cities, formed the Local
Integration Task Force to recommend ways to enhance the capacity of local organizations
to take on the challenge of integrating efforts and implementing the Action Agenda. This
presentation will include an overview of the local integrating organization concept, how
these organizations are currently organized and operating at the watershed/marine basin
scale, and the opportunities and challenges involved in making the promise of an
integrated local management structure operational.

#

Sam Barr, Samish Indian Nation

704 Role of Local Integrating Organizations in the Puget Sound
Partnership Action Agenda

102 Enhancing Decision Support for Local Integrating Organization
Participation in the Puget Sound Partnership Action Agenda

Abstract: Since “time immemorial”, Samish people have been stewards of the places they
live. Traditional Lifeways require close observation of the natural world to know when to
schedule important events. Times to harvest, times to preserve and times to rest are all
shared by the environment. The Samish Indian Nation continues to care about our natural
environment holistically and is concerned by changes in climate, ocean acidification, and
loss of habitat that birds, animals, fish and humans depend on. Samish traditional
knowledge is carried in song, stories and practices that deepen understanding of
connection and human relationship with our natural surroundings. The Samish Indian
Nation’s Department of Natural Resources is working to integrate this knowledge into
current restoration and preservation projects that we are involved in. As well as
incorporating the socio-cultural values of intergenerational involvement and the
perspective of youth and elders. This presentation will include examples of how we are
doing this, using our partnership involvement in the Cypress Island estuarine and salt
marsh restoration project. Working with State, Federal and local agencies to identify,
preserve, protect and enhance all natural resources within Samish historical and cultural
territory is important to the Samish Communitiy, continuing a long tradition of natural
resource stewardship.

Room:

#

Session: S-01G Shorelines of the Salish Sea- New strategies and tools to
support ecosystem based management and restoration in
beach systems

131 Building Effectively Engaged Communities: The Citizen Action
Training School Model
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Authors:

Room:
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Chair:

Randy Carman
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11:45 AM - 12:00 PM

Abstract: Local Integrating Organizations (LIOs) provide a mechanism for the Puget Sound
Partnership to work directly, in a coordinated way, with local communities to help
prioritize actions and implement the Action Agenda consistent with regional priorities and
ecosystem recovery targets at a watershed or multi-watershed scale. The Puget Sound
Partnership is developing decision support to more effectively integrate these priorities
into the Action Agenda (2014 updates and subsequent revisions). This development is
proceeding in several steps: a pilot study with a single LIO, interviews with all LIOs,
preparation of draft guidance for prioritizing actions, and training for LIO coordinators in
facilitating an enhanced process. We present an analysis of our findings so far and how
we anticipate that this work will contribute to improved decision quality for the Puget
Sound region.

Authors:

Abstract: One of the key challenges facing the regional Puget Sound recovery effort is the
need to get communities engaged in local and regional governmental and regulatory
processes to advocate for shoreline and watershed recovery. The Puget Sound area
Regional Fisheries Enhancement Groups are implementing a new version of an old
solution for this problem- the Citizen Action Training School (CATS- see
www.rfeg.org/cats), funded for two years by the Puget Sound Partnership. CATS is a
Sound-wide training program designed to create community leaders in support of local
and regional Puget Sound Recovery efforts. CATS will educate participants about the
regulatory process so they can be engaged in their communities to support local
watershed and shoreline protection and restoration. The Citizen Action Training School is
an intensive program with 12 weeks of class and field instruction, followed by 8-10 weeks

4/30/2014

Richard Anderson, Puget Sound Institute; Scott Williamson, Puget Sound
Partnership

Presenter: Rachel Benbrook, Nooksack Salmon Enhancement
Rachel Benbrook, Nooksack Salmon Enhancement

Date:

Presenter: Richard Anderson, Puget Sound Institute

Date: 4/30/2014

10:30 AM - 12:00 PM

This session focuses on emerging tools, data and strategies available for improved
restoration and management of beach systems in the Salish Sea. A series of individual
talks are proposed around the following related topics: 1) Strategies for nearshore
ecosystem restoration and protection in Puget Sound, 2) Trends and Impacts of Shoreline
Armoring; 3) Feeder Bluff mapping, 4) Marine Shoreline design guidance and 5) related
efforts in Canada.

#

363 Strategies for nearshore ecosystem restoration and protection in
Puget Sound, WA
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Presenter: Paul Cereghino, NOAA
Authors:

Paul Cereghino, NOAA

Abstract: The Puget Sound Nearshore Ecosystem Restoration Project (PSNERP) is a
partnership between the state of Washington and the U.S. Army Corps of Engineers to
develop and implement a large scale, ecosystem- based restoration effort in Puget Sound.
PSNERP is also designated as the nearshore component of the regional recovery plan for
Puget Sound (Puget Sound Action Agenda). The recently published PSNERP document
titled “Strategies for Nearshore Protection and Restoration in Puget Sound” was designed
to facilitate and guide restoration, protection and land management efforts in Puget
Sound. Strategy recommendations were made for the 744 beach segments or drift cells
in Puget Sound based on an evaluation of site potential, degradation and future risk. The
recommendations assigned to each drift cell range from ‘enhance’ to ‘restore’ to ‘protect’
with sediment supply being the target of restoration and protection. Consistent with this,
shoreline armor removal is the primary restoration strategy for beach systems as
described more fully in the PSNERP Management Measures Technical Report. New tools
and data are needed to improve our understanding of where, how much and what kind of
beach restoration is necessary to regain the lost ecosystem services that beaches once
provided. This talk will describe the process and metrics used to develop the strategy
recommendations and highlight some of the key uncertainties in beach systems driven by
the complexity of beach types in Puget Sound. A key unanswered question related to
armor removal is the extent to which partial restoration of a drift cell will provide intended
ecological benefits. 1. NOAA Restoration Center

#

292 Feeder Bluffs on Puget Sound: Tools for Improved Management
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Date:
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Presenter: Hugh Shipman, WA Dept of Ecology
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Services; Jim Johannessen, Coastal Geologic Services

Abstract: Much of Puget Sound’s shoreline consists of mixed sand and gravel beaches,
dominated by longshore sediment transport and organized into hundreds of discrete
littoral cells. Sediment supply within these cells is often provided by erosion of the steep
coastal bluffs, which are composed of abundant, coarse-grained Pleistocene sediment.
Bluffs that provide beach sediment are referred to as feeder bluffs and are important to
the long-term maintenance of Puget Sound beaches. At the same time, development of
Puget Sound’s shoreline has led to widespread construction of seawalls and revetments to
control bluff erosion, with the unintended consequence of reducing natural sources of
beach sediment. Coastal managers are concerned that this will adversely impact beach
conditions. Impair nearshore ecological functions, and reduce resilience to rising sea level.
Until recently, regional mapping of feeder bluffs existed. In 2012-2013, we combined
existing information with new data and completed a sound-wide coverage of eroding
bluffs, along with related beach and coastal landforms. Mapping was conducted using
detailed field observations, supplemented with geologic information and aerial
photographs. Bluffs were categorized based on their potential ability to deliver beach
sediment. We found that of Puget Sound’s 4000 km of shoreline, about 2200 km are
beaches. Of these about 600 km are feeder bluffs and about 50 km were mapped as
exceptional. About 35% of the region’s beaches were mapped as modified or armored.
The maps of feeder bluffs will be provided on Ecology’s online Coastal Atlas, allowing
access and integration with other nearshore data. In addition, web-based material
provides background information on geology and beaches and guidance on how to
interpret and apply his information. This will assist planners and resource managers in
improving shoreline management, assessing Puget Sound nearshore health, and
identifying coastal restoration priorities.

#

365 Marine Shoreline Design Guidelines - Background and Phase 1
Case Studies

Room:

6E

Date:

4/30/2014

11:00 AM - 11:15 AM

Presenter: Bob Barnard, WA Dept of Fish and Wildlife
Authors:

Bob Barnard, Washington Dept of Fish and Wildlife; Randy Carman,
Washington Dept of Fish and Wildlfie; Jim Johannessen, Coastal Geologic Svcs

Abstract: Shoreline armoring – the construction of bulkheads and seawalls – has become a
significant issue for the Puget Sound region, with roughly one mile per year of new
shoreline armoring. Armoring profoundly influences beaches, alters coastal processes and
coastal ecology, and reduces the resilience of the coast to rising sea level. Alternative
techniques to traditional hard armor have been applied in Puget Sound for decades,
however, efforts to comprehensively monitor and compare different techniques and
proper design are lacking. The Marine Shoreline Design Guidelines address this need
through development of a manual on use of alternative techniques in Puget Sound. Phase
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1 of this work involved detailed data collection from 25 individual sites representing five
major design technique types, including traditional hard armor approaches. Our discussion
of Phase 1 of the MSDG will include related information on the state of armoring on Puget
Sound shorelines and the case study report that provides background data integral to the
development of the guidelines document.

#

367 Marine Shoreline Design Guidelines – Phase 2 Analysis and
Applications

Room:

6E

Date:

4/30/2014

11:15 AM - 11:30 AM

Presenter: Jim Johannessen, Coastal Geologic Services
Authors:

Jim Johannessen, Coastal Geologic Svcs; Andrea MacLennan, Coastal Geologic
Services

Abstract: The Marine Shorelines Design Guidelines (MSDG) report provides a background
on the Puget Sound nearshore environment, the values of stewardship, and
comprehensive guidance on how to effectively manage and protect Puget Sound shores
for the improvement of the larger nearshore ecosystem. Guidance material and design
recommendations integrate the results of assessing the relative success of different
shoreline design techniques, which was an earlier phase of the larger MSDG project. The
design methodology for shore protection includes: detailed guidance on how to perform
site and coastal processes assessments, measure cumulative risk, identify appropriate
design alternatives for site conditions, avoid and mitigate for negative habitat impacts, and
the design process entailed for each of the major marine design techniques. The spectrum
of design techniques included a range from passive management approaches that require
minimal engineering to soft shore protection to hard armor. No Action alternatives are
characteristically more passive approaches that preserve natural processes and have few
to no negative impacts on nearshore ecosystem functions, goods, and services. Soft shore
protection approaches preserve the natural beach and typically rely only on natural
materials (at least above grade). Soft shore approaches include projects in which gravel
and sand are added to the beach (beach nourishment), large wood is installed to curb
erosion in the backshore, or the bank is regraded and revegetated to reduce bank erosion.
Soft shore protection projects commonly include beach nourishment that can benefit drift
cells and shoreforms where natural sediment supply has been reduced, such as drift cells
with considerable armored feeder bluffs. Hard armor design techniques using rock
revetments and vertical bulkheads, which are designed to preclude shoreline migration
and bank erosion, are included. Each type of approach has varying degrees of impact with
the no action alternatives resulting in the least impact and hard armor having the greatest
impact.

#

249 Large-Scale Shoreline Restoration along the Railroad Corridor of
Puget Sound: An Example in Snohomish County Forged by
Creating Partnerships

Room:

6E

Date:

4/30/2014

11:30 AM - 11:45 AM

Presenter: Kathleen Herrmann, Snohomish County
Authors:

Kathleen Herrmann, Snohomish County; Paul Schlenger, Confluence
Environmental

Abstract: This presentation will describe a large-scale shoreline restoration and
enhancement project to address the disruption of sediment supply and transport
processes along the Puget Sound shoreline between Mukilteo and Everett. Like other long
stretches of shoreline in the region, the project area is lined by continuous shoreline
armoring associated with the railroad. Given the likelihood of existing shoreline armoring
structures remaining in place for the foreseeable future, habitat restoration solutions that
work within the constraints existing on our shorelines are necessary to improve habitat
quality and support natural nearshore processes. Snohomish County is conducting a largescale shoreline restoration project along a 4.5 mile stretch of shoreline. The success of the
project development (slated for construction in 2014-2015) has stemmed from a
collaborative stakeholder process and technical design expertise. The stakeholder process
has led to significant partnerships that have been crucial for this project and are
noteworthy for future restoration in other shoreline areas. In particular, the U.S. Army
Corps of Engineers is providing suitable dredge materials to be beneficially re-used for
beach nourishment and beach restoration. Work is continuing with the Corps to develop a
long-term management program (i.e., re-nourishment). BNSF is also a key collaborator as
much of the work will occur within their right-of-way. Local volunteer groups have also
expanded the County’s ability to collect baseline biological data. The presentation will
summarize the project elements and focus on the stakeholder process and partnerships
that may be helpful for others working on the shoreline.

#

304 The WRIA 9 Marine Shoreline Monitoring and Compliance Pilot

Page 8 of 99

2014 Salish Sea Ecosystem Conference

Abstract Book: Presentations by Date, Time, and Session

Project
Room:

6E

Date:

4/30/2014

11:45 AM - 12:00 PM

Presenter: Kollin Higgins, King County
Authors:

Kollin Higgins, King County

Abstract: Boat based surveys were undertaken of the 92 miles of marine shoreline of
Watershed Resource Inventory Area 9 (WRIA 9) in 2012 and 2013. The intent of the
surveys was to collect shoreline condition data in order to update and compare baseline
monitoring data sets as well as evaluate if the changes in condition were permitted. The
survey in 2012 found 85 distinct changes in shoreline condition throughout the WRIA had
occurred between 2004 and 2012. Changes associated with shoreline armoring accounted
for 60% of the changes noted, with most changes being repairs to existing shoreline
armoring infrastructure. The survey in 2013 found 60 distinct changes in shoreline
condition occurred between 2012 and 2013. Only 33% of the changes were associated
with shoreline armoring. In 2012, only 18 (20%) of the changes observed were permitted
prior to the work being done. The compliance rate within each jurisdiction varied from 0
to 100%, with an average rate across all jurisdictions of 34%. Based on 2013 data from 4
of the 6 jurisdictions, 19 (40%) of the changes observed were permitted prior to the work
being done. The compliance rate within each jurisdiction varied from 0 to 73%, with an
average rate across all jurisdictions of 40%. A coarse level evaluation of the ecological and
physical effects of changes was completed for all of the changes noted. In 2012, 34 (40%)
of the changes encountered did not seem to have any obvious physical or ecological
effects. In 2013, 23 (38%) of the changes encountered did not seem to have any physical
or ecological effect. When comparing baseline conditions to existing conditions, there has
been relatively little change in the overall amount of shoreline armoring within WRIA 9.
This is because most of the changes noted to shoreline armoring were repairs or rebuilds
to existing structures versus new structures and because the increase in new shoreline
armoring was offset by restoration projects that have occurred since 2004. When
comparing baseline vegetation conditions to existing conditions there has been a steady
loss of treed areas over time. The surveys found that roughly 3 acres in 2012 and 2.5 acres
in 2013 were cleared of trees and shrubs. The majority of these instances were
unpermitted and occurred on Vashon and Maury Islands. It is clear that many landowners
have been doing work along the shoreline without permits. These instances represent
missed opportunities to work with landowners as part of the permit process to lessen the
effects from construction techniques as well as to improve the existing baseline
conditions. It is suggested that a separate study be undertaken in the future to understand
why the differences in compliance rates are occurring. Understanding the why, would help
craft specific and culturally relevant responses in both the urban and rural environments
that could help improve the rate of compliance seen in this study.

rated based on three dimensions of indicator selection criteria assembled from the
literature and other sources —scientific soundness, relevance, and practicality. Ecological
ratings were then weighted based on expert perceptions of the relative importance of the
criteria. Our approach relied primarily on literature reviews, expert surveys and judgment,
and workshops. We will present the results, key limitations, and opportunities associated
with implementing this approach. We will also discuss the way in which the indicators are
being used within integrated marine planning processes in British Columbia.

#

396 Indigenous community health and climate change: Integrating
social and natural science indicators

Room:

607

Date:

4/30/2014

Presenter: Jamie Donatuto, Swinomish Tribe
Authors:

Jamie Donatuto, Swinomish Tribe; Sarah Grossman, Swinomish Indian Tribal
Community; Eric Grossman, U.S. Geological Survey; Larry Campbell,
Swinomish Indian Tribal Community; John Konovsky, Tsleil-Waututh Nation

Abstract: This presentation describes a pilot study completed in 2013 that evaluated the
sensitivity of Indigenous community health to climate change impacts on shorelines in the
Salish Sea (Washington State, United States and British Columbia, Canada). Current
climate change assessments do not reflect key community health concerns, yet
meaningfully including these concerns is vital to successful adaptation plans, particularly
for Indigenous communities. Descriptive scaling techniques were employed in facilitated
workshops with two Indigenous communities to test the efficacy of ranking six key
indicators of community health (Community Connection, Natural Resources Security,
Cultural Use, Education, Self Determination and Well-being) in relation to projected
changes in the biophysical environment (sea level rise, storm surge, beach armoring) and
resultant impacts to shellfish habitat and shoreline archaeological sites. Findings
demonstrate that: when shellfish habitat and archaeological resources are impacted, so
too is Indigenous community health; not all community health indicators are equally
impacted; and, the community health indicators of highest concern are not necessarily the
same indicators most likely to be impacted. Based on the findings and feedback from
community participants, the exploratory trials were successful, and such a tool may be
useful to Indigenous communities who are assessing climate change sensitivities and
creating adaptation plans.

#

484 An Ecosystem Framework for use in Recovery and Management
of the Puget Sound Ecosystem: Linking Assessments of Ecosystem
Condition to Threats and Management Strategies

Session: S-01H Developing Social and Ecological Indicators

Room:

Room:

607

Presenter: Sandie O'Neill, WA Dept of Fish and Wildlife

Chair:

Kelly Biedenweg

Date: 4/30/2014

10:30 AM - 12:00 PM

Authors:

The processes used to develop social and ecological indicators for large scale watershed
and nearshore management.

#

654 Developing social-ecological indicators for Canada's Pacific
Marine regions: steps, methods, results and lessons

Room:

607

Date:

4/30/2014

10:30 AM - 10:45 AM

Presenter: Andrew Day, West Coast Aquatic
Authors:

Andrew Day, West Coast Aquatic; Thomas Okey, West Coast Aquatic;
stephanie King, West Coast Aquatic

Abstract: In the past decade there has been increasing interest in assessing marine
ecosystems and developing indicators to track and understand changes over time. A key
direction in conducting assessments and developing indicators is recognizing that
biophysical and human systems are interconnected. The increasing prominence of the
concepts of coupled social-ecological systems and ecosystem-based management, and the
related incentives to identify and integrate ecological and human well-being indicators,
have expanded and advanced the vision of integrated assessment and management.
However, more applied examples are needed. We outline the steps and methods we used
to develop indicators for different areas of Canada’s Pacific marine social-ecological
systems. Our approach began with conceptual models that identified key aspects of
ecological systems (structure, function, and environmental quality) and human systems
(social, economic, institutional, and physical). We then identified associated elements,
valued components, and features. We undertook an extensive ‘bottom-up’ approach to
identify indicators associated with each feature or valued component, drawing on
different knowledge sources, including scientists, managers, sectors, and First Nations and
community members. Candidate lists of indicators were then compiled, reviewed, and
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10:45 AM - 11:00 AM

607

Date:

4/30/2014

11:00 AM - 11:15 AM

Sandie O'Neill, ; Constance Sullivan, Puget Sound Institute; Scott Redman,
Puget Sound Partnership; Kari Stiles, Puget Sound Partnership; Kelly
Biedenweg, Puget Sound Institute; Tracy Collier, Puget Sound Partnership

Abstract: The ongoing influx of people to the Puget Sound basin has placed pressure on
the ecosystem and contributed to a decline in ecosystem health. The Puget Sound
Partnership (Partnership), formed in July 2007, is leading an effort to restore the health of
Puget Sound. The Partnership is taking an ecosystem-based approach to management
that will, over time, address policy questions associated with multiple interacting
ecosystem goals. As a foundation of this approach, indicators of ecosystem condition are
used to describe a healthy Puget Sound, to evaluate progress towards meeting the
recovery goals, to evaluate and adapt management strategies, and as the basis for
reporting back to the public. A portfolio of high-level ecological and human health
indicators, “vital signs,” was developed and adopted in 2011. Since then, the indicators
have received external review by the WA State Academy of Sciences, scientists, planners,
decision-makers, and other stakeholders. In response, the Partnership is evolving its
portfolio of indicators in order to provide a broader set of indicators to track progress
toward threat reductions and ecosystem recovery. To guide the indicator evolution
process, we developed an overall organizing ecosystem framework that is an
amalgamation of three frameworks: (1) a generalized “causal chain/network framework”
that is used to link drivers and pressures of ecosystem health with (2) a framework for
assessment of the condition of Puget Sound’s biophysical system, and (3) a framework for
the condition of human well-being (HWB). Assessing a complete array of condition and
driver/pressure indicators can aid the analysis of the causal mechanisms underlying
compromised ecosystem condition. Moreover, in this framework, HWB is recognized as
an outcome of biophysical condition as well as a driver of biophysical condition, and that
its many components are differentially affected by and can affect conservation outcomes.
This paper will present examples of how the Partnership, working with the Puget Sound
Ecosystem Monitoring Program, is using this ecosystem framework to identify key
ecosystem attributes and associated indicators for major ecosystem components. These
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biophysical condition indicators, along with indicators of key pressures on the system and
indicators of HWB, can be used adaptively to track the recovery of Puget Sound.

#

110 Developing Human Wellbeing Indicators in the Hood Canal
Watershed

Room:

607

Date:

4/30/2014

11:15 AM - 11:30 AM

Presenter: Kelly Biedenweg, Puget Sound Institute
Authors:

Kelly Biedenweg, Puget Sound Institute; Kara Nelson,

Abstract: Planning for and monitoring human wellbeing as a component of ecosystem
recovery is a growing trend in coastal zone management. Within the Puget Sound
specifically, organizations at the watershed and basin scale have been developing recovery
action plans with placeholders for human wellbeing or quality of life indicators. While the
actual incorporation of human wellbeing into policy has been limited, there is significant
interest to receive guidance for developing indicators and begin addressing human
wellbeing in practice. This article describes the results of a pilot process to develop
scientifically and practically relevant human wellbeing indicators for the Hood Canal
watershed of the Puget Sound. We gathered data on why residents and visitors value the
Hood Canal from prior surveys, workshops, and nineteen open-ended interviews with
diverse residents from the region. We coded these values into potential indicators of
human wellbeing for seven domains: Psychological, Spiritual, Cultural, Social, Physical,
Economic, and Governance. Three facilitated workshops with expert-stakeholders and an
online survey with social scientists helped refine and rate indicators for recommendation
to the regional watershed recovery coordinating council. We present the final indicators,
detail the methods for getting to them, and discuss how they will be applied to enhance
watershed recovery in the Hood Canal and larger Puget Sound Basin.

#

478 The Sound Behavior Index: Tracking Long Term Environmental
Behavior Change

Room:

607

Date:

4/30/2014

11:30 AM - 11:45 AM

Presenter: Dave Ward, Puget Sound Partnership
Authors:

Dave Ward, Puget Sound Partnership

Abstract: With growing numbers of programs devoted to environmental behavior change,
there is a corresponding need for measures of behavior change at a variety of scales. This
presentation describes the “Sound Behavior Index”, an ongoing behavior change measure
developed for the Puget Sound region. It tracks 28 residential-scale practices that can
affect water quality and aquatic habitat. The index is based on a survey conducted every
two years among a statistical sample of the region’s 4.5 million residents. It asks about
specific, measurable, repetitive behaviors, that are driven by personal choice. The Sound
Behavior Index distills the region’s environmental performance into a single regional score,
which can be tracked across time. The index can be broken down to the county level,
providing more meaningful local measures. It can also be used to track each component
behavior. Until now, there have been no uniform behavior change measures in the region,
no regional measures, and no consistent local measures aside from one county. The Sound
Behavior Index fills those gaps by measuring long-term shifts in behaviors and practices
across the Puget Sound region.

of observations by a number of research groups. Riverflow in the Puget Sound basin is
expected to shift significantly in timing, and hydrodynamic modeling suggests that this will
have direct effects on the seasonality of water-column stratification in Puget Sound, and
potentially on the timing of the spring phytoplankton bloom. Contemporary projections of
trends in upwelling-favorable winds are highly equivocal. A new regional model analysis
suggests that the effects of even a substantial increase (20%) in upwelling on the
Washington coast on nutrient and oxygen inputs in Puget Sound are likely to be at most
comparable to the 50-year historical trend in sourcewater chemistry inherited from
processes on the scale of the North Pacific. It may be many decades before long-term
trends in ocean inputs exceed the range of natural decadal-scale variability, although
some effects of climate change on Puget Sound--such as direct surface warming--will be
felt much sooner.

#

349 Sensitivity of Circulation and Biogeochemical Response in Puget
Sound to Sea Level Rise and Future Climate Loads

Room:

615/616/617

Date:

4/30/2014

1:45 PM - 2:00 PM

Presenter: Tarang Khangaonkar, Pacific Northwest National Laboratory
Authors:

Tarang Khangaonkar, PNNL; Wen Long, PNNL; Mindy Roberts, WA
Department of Ecology; Brandon Sackmann, Integral Consulting, Inc.; Teizeen
Mohamedali, WA State Dept. of Ecology; Alan Hamlet, University of Notre

Abstract: Assessments using future climate conditions based on the Intergovernmental
Panel on Climate Change emissions scenario (A1B) have shown that hydrology of major
rivers and freshwater runoff from multiple watersheds to Puget Sound, Washington, will
be affected. In general, higher winter floods and lower summer flows coupled with future
sea level rise have the potential to impact circulation and estuarine exchange. The effects
on water properties such as temperature profiles, salinity gradients, and biogeochemical
interactions are of interest due to concern over loss of coastal brackish habitats and
potential impairment of water quality. In this paper we present a sensitivity analysis using
the Puget Sound Georgia Basin hydrodynamic and biogeochemical model based on
unstructured grid Finite Volume Coastal Ocean Model (FVCOM) framework and the CE
QUAL-ICM model water quality kinetics. Effects of modified hydrology, sea level rise, and
nutrient loads corresponding to years 2020, 2040, and 2070 are compared with baseline
conditions from 2006. We examine potential large scale changes to the seasonal net
transport through the various sub-basins within Puget Sound and also provide a relative
comparison of key water quality parameters such as dissolved oxygen, nutrients, and
algae. Simulation results indicate that the circulation and biogeochemical cycles within the
Puget Sound Georgia Basin system are dominated by the strong estuarine exchange inflow
from the Pacific Ocean. This exchange flow into Puget Sound is predicted to increase in
response to the future forcing conditions resulting in higher influx of nutrient rich saline
water from the Pacific Ocean. Although the magnitude of the predicted response in the
main basin and deeper reaches of Puget Sound is relatively small, we note that higher
nutrient loads in the intertidal zones and the shallow stratified reaches could lead to
conditions suitable for algae blooms and exacerbate the low DO levels in the future.

#

604 Climate Change and Its Impact on Seasonal Patterns of Puget
Sound Circulation

Room:

615/616/617

Date:

4/30/2014

2:00 PM - 2:15 PM

Presenter: Wen Long, Pacific Northwest National Laboratory

1:30 PM - 3:00 PM

Authors:

Session: S-02A Humans and climate and ocean, oh my! What affects
future Salish Sea circulation and water quality?

Abstract: In this research, we conduct an analysis of the circulation and transport in the
Puget Sound with a focus on seasonal patterns under current and future scenarios. The
coupled effects of the change in river flow characteristics and higher mean sea level are of
concern due to potential impacts to coastal fisheries, water quality and circulations.
Understanding the circulation pattern and estuarine exchange flows is an important step
towards quantifying the impacts of future climate changes. Puget Sound estuary functions
as a mixing zone that connects several major riverine freshwater inputs with ocean water.
The circulation patterns are subject to differences in tidal amplitudes and phases of
connected subbasin waters as well as the river runoff. In this study, we apply the FVCOM
model for the entire Puget Sound-Georgia Basin region. A mass balance approach of flux
calculation method, which is consistent with FVCOM model’s internal finite volume
advection scheme, is used to compute the volume fluxes, fresh water fluxes and salt fluxes
across vertical transects that connect several basins within the estuary and with outer
domain. This method allows one to accurately keep track of the water mass balance in an
unstructured grid model. With projected changes in snowpack melting and wind patterns
over the region, river inputs will shift its seasonality away from Spring-Summer
dominance. We quantify the impact of this riverine hydrological flow change on Puget
Sound circulation patterns through flux analysis. The analysis will be presented in detail for
year 2008 (current conditions) and year 2070 (projected conditions) based on hydrological

Room:

615/616/617

Chair:

Mindy Roberts

#

Date: 4/30/2014

1:30 PM - 3:00 PM

625 Future climate impacts on Puget Sound oceanography: the North
Pacific and hydrological context

Room:

615/616/617

Date:

4/30/2014

1:30 PM - 1:45 PM

Presenter: Neil Banas, University of Washington
Authors:

Neil Banas, Univ of Washington

Abstract: Climate change affects coastal and estuarine regions via a complex web of
oceanic, atmospheric, hydrological, and biogeochemical processes. This talk summarizes
the state of our knowledge regarding the relative importance of these pathways for Puget
Sound, drawing on recent climate-downscaling model studies and retrospective analyses

Generated: 4/29/2014 11:54 AM

Wen Long, PNNL; Tarang Khangaonkar, PNNL

Page 10 of 99

2014 Salish Sea Ecosystem Conference

Abstract Book: Presentations by Date, Time, and Session

Presenter: Stephanie Valdez, University of Washington

loads corresponding to IPCC - A1B climate change scenario.

Authors:
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232 Future Nitrogen Loading to the Salish Sea: Population Growth,
Land Use Change, and Climate Change

Room:

615/616/617

Date:

4/30/2014

2:15 PM - 2:30 PM

Presenter: Teizeen Mohamedali, WA Dept of Ecology
Authors:

Teizeen Mohamedali, WA State Dept. of Ecology; Mindy Roberts, Washington
Dept of Ecology; Brandon Sackmann, WA State Dept. of Ecology

Abstract: Estimates of future nitrogen loading to the Salish Sea from watershed inflows
and marine point sources were developed for 2020, 2040 and 2070. This is the first
compilation of future nitrogen loads to the Salish Sea, taking into account population
growth, land use change, and climate change. Future nitrogen loading estimates were
used as forcings for a three-dimensional circulation and dissolved oxygen model
developed by Pacific Northwest National Laboratories and the Washington State
Department of Ecology. Future nitrogen loads from watershed inflows are estimated to
increase due to a general shift in land use across the region in the form of decreasing
forested and agricultural land and increasing developed land. Future watershed nitrogen
loads will also be influenced by changes in streamflows due to the effects of climate
change on regional hydrology. These changes include increases in peak streamflow and
decreases in summer baseflow for some rivers, resulting in changes in the magnitude and
timing of nitrogen delivery to the Salish Sea. Future nitrogen loads from marine point
sources, primarily wastewater treatment plants, are expected to double by 2070 due to
regional population growth. The adoption of biological nutrient removal treatment
technologies has the potential to more than offset this increase in loading by reducing
effluent nitrogen concentrations. Limited long-term historic data suggests declining
oxygen and increasing nitrogen levels in the Pacific Ocean near the open boundary. Since
future estimates of Pacific Ocean conditions do not exist, we extrapolated these historic
trends into the future to estimate future conditions at the open boundary, but this
estimate remains highly uncertain. When applied to model scenarios, these future loading
estimates allowed us to evaluate the relative effects of future human nutrient loads,
climate influences, and Pacific Ocean conditions on the occurrence of low dissolved
oxygen levels throughout the Salish Sea.

Abstract: Pacific oysters (Crassostrea gigas) are an economically beneficial product of the
Pacific Northwest, introduced in the 1920s. In the 1940s governments initiated studies on
the status and health of oysters in Pendrell Sound, BC (1949-1981) and Hood Canal WA
(1942-1995). Seasonal surveys collected information on Pacific oyster settlement and
timing through regular placement of spat collectors, usually clean shells. Simultaneously,
water temperature was recorded. Because of temperatures in native ranges,
reproduction in Pacific oysters is expected to improve in warmer years. Further,
reproduction tends to be spatially limited to these two regions of the Salish Sea, where
water temperatures can exceed 20° C in the summer. At some sites within regions,
maximum seasonal recruitment ranged from less than 55 to nearly 10,000 per shell across
summers, with peak timing that ranged from early July to early September. Pacific oysters
tended to have earlier and higher settlement in warmer summers. The long term
contribution of recruitment to feral populations and commercial stocks will hinge on
temperature trends as well as interannual variability.

Session: S-02B

608/609

Chair:

Jennifer Lanksbury

615/616/617

Date:

4/30/2014

2:30 PM - 2:45 PM

Presenter: Mindy Roberts, WA Dept of Ecology
Authors:

Mindy Roberts, Washington Dept of Ecology; Teizeen Mohamedali, WA State
Dept. of Ecology; Brandon Sackmann, Integral Consulting; Tarang
Khangaonkar, PNNL; Wen Long, PNNL; Alan Hamlet, University of Notre Dame

Abstract: The Department of Ecology and Pacific Northwest National Laboratory evaluated
future dissolved oxygen scenarios within the Salish Sea using a circulation and water
quality model of Puget Sound, the Strait of Georgia, and the Strait of Juan de Fuca. A
recently published report summarizes relative contributions of human nutrient sources,
the Pacific Ocean, and climate factors on dissolved oxygen both now and through 2070.
Human nitrogen contributions from the U.S. and Canada to the Salish Sea have the
greatest impacts on dissolved oxygen in portions of South and Central Puget Sound.
Marine point sources cause greater impacts on oxygen than human influences on river
inflows now and into the future. Most of the Salish Sea reflects a relatively low impact
from human sources, although that will increase as loads increase. The Pacific Ocean
strongly influences dissolved oxygen concentrations under both current and future
conditions. If 50-year declining trends in North Pacific Ocean dissolved oxygen continue,
Salish Sea dissolved oxygen would decline far more than from human nutrient loads.
Climate change will alter the timing of freshwater flow reaching the Salish Sea, as provided
by the University of Washington Climate Impacts Group. This would alter estuarine
circulation patterns, potentially worsening impacts in some regions but lessening others.
Future air temperature increases would further decrease dissolved oxygen, particularly in
shallow inlets. This is the first assessment of how Salish Sea dissolved oxygen
concentrations respond to population increases, ocean conditions, and climate change.
Additional analyses are needed to link sediment-water interactions and increase scientific
certainty.

#

256 Oyster recruitment and climate change: do higher summer
temperatures mean earlier and greater settlement in Pacific
oysters?

Room:

615/616/617

Date:
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4/30/2014

2:45 PM - 3:00 PM

Date: 4/30/2014

1:30 PM - 3:00 PM

This special session features recent efforts to understand how anthropogenic pollutants
affect the nearshore marine food webs of the Salish Sea. Presenters will share their
findings on the fate and transport of contaminants in nearshore habitats and what impact
they have on the biota living there.

#

493 Mussel Watch Pilot Expansion: an active biomonitoring effort to
assess contaminants in the nearshore ecosystems of the Salish Sea

Room:

608/609

Date:

4/30/2014

2:15 PM - 2:30 PM

Presenter: Jennifer Lanksbury, WA Dept of Fish and Wildlife

438 Relative influences of human nutrient sources, the Pacific Ocean,
and climate change on Salish Sea dissolved oxygen through 2070

Room:

Toxics in the nearshore

Room:

Authors:

#

Stephanie Valdez, University of Washington; Collin Gross, University of
Washington; Jennifer Ruesink, University of Washington

Jennifer Lanksbury, WA Dept. of Fish and Wildlife ; James West, WA Dept of
Fish & Wildlife; Laurie Niewolny, WA Dept of Fish & Wildlife; Andrea Carey,
WDFW

Abstract: Toxic substances enter Puget Sound from a variety of pathways. Although
chemical contaminants in Puget Sound sediments and some biota are monitored on a
regular basis, the condition of contaminants in nearshore biota has long been recognized
as a monitoring gap. In 2012-13 the Washington Department of Fish and Wildlife, with the
help of partners and citizen science volunteers, conducted the first synoptic, Sound-wide
assessment of toxic contaminants in nearshore biota. In this study we transplanted native
mussels (Mytilus trossulus) from an aquaculture source to 108 shoreline locations along
the Salish Sea. Monitoring sites were selected to represent a range of upland land-use
types, with percent impervious surfaces (IS%) in adjacent upland watershed units used as
a proxy for urban development. The mussels were left on-site for two months and were
retrieved in January, 2013. Mussel mortality increased with IS% in adjacent watersheds.
There was a significant positive relationship between the concentrations of polycyclic
aromatic hydrocarbons (PAHs) in mussels and IS%, with order of magnitude increases in
areas of high urbanization (e.g. Elliott Bay, Commencement Bay). In addition, high levels of
PAHs were noted near ferry terminals (e.g. Eagle Harbor, Edmonds, and Anacortes). Other
persistent organic contaminants (PCBs, PBDEs, DDTs) also showed significant positive
relationships to areas of high IS%. Overall, metal concentrations in mussels were relatively
low and did not vary greatly from baseline (starting) values. Four out of six metals tested
were weakly correlated with IS%; copper, lead and zinc were elevated in areas with
relatively high IS%, but mercury showed the opposite trend. These findings suggest toxic
contaminants are entering the nearshore food web of the Salish Sea, especially along
shorelines adjacent to highly urbanized areas. We recommend that Washington State
develop a long-term, regional, nearshore contaminant monitoring program that uses
caged mussels as a sentinel species and engages citizen science volunteers to help with
monitoring.

#

270 Monitoring metal stress in Puget Sound using metallothionein
production in mussels in the nearshore

Room:

608/609

Date:

4/30/2014

1:30 PM - 1:45 PM

Presenter: James Gawel, University of Washington Tacoma
Authors:

James Gawel, Univ. of Washington Tacoma; Julia Dolan, Univ. of Washington
Tacoma; Jennifer Lanksbury, WA Dept. of Fish and Wildlife ; James West, WA
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Dept of Fish & Wildlife
Abstract: Toxic metals are common contaminants in sediments near industrial ports and in
stormwater from urban areas throughout the Salish Sea. Although pollutant
concentrations have been mapped in the sediments, waters and biota of Puget Sound for
decades, equating these contaminant levels to biological impacts has been attempted
infrequently. Moreover, many of these attempts at studying metal toxicity have not been
applied to the ecologically and economically important nearshore area. As part of the
Washington Department of Fish and Wildlife’s (WDFW) 2012-2013 MusselWatch Pilot
Expansion Project, an effort to develop a nearshore biomonitoring protocol for Puget
Sound, mussels of the same age and reared in the same location were transplanted to
over 100 locations throughout Puget Sound in November 2012. Mussels were secured in
quadruplicate batches in nylon netting suspended in 16x16x16 inch cages and anchored in
the low intertidal by volunteers. The mussels were allowed to equilibrate with their
surroundings for two months and retrieved in January 2013. All mussels were measured
and weighed by WDFW staff and supervised volunteers, shucked and homogenized, and
then frozen to await analysis. A portion of each homogenized sample was delivered to the
University of Washington Tacoma for analysis of metallothioneins, cysteine-rich proteins
used in the metal detoxification mechanism of mussels and other bivalves.
Metallothioneins were derivatized with monobromobimane, separated by reverse phase
high-pressure liquid chromatography, and analyzed with a fluorescence detector. Our
results and correlations with parameters measured by other WDFW collaborators,
including metal concentrations and growth characteristics, will be presented. With limited
funding available for toxics remediation it is imperative to develop monitoring tools that
measure biological impacts specific to metal stress, and to apply those tools to
understanding ecological health in the nearshore.

#

495 Mussel Watch monitoring to assess status, tends, and continuous
process improvement of environmental protection and
restoration initiatives for Sinclair and Dyes Inlets, Liberty Bay, and
Port Orchard, Rich and Agate Passages of the Puget Sound, WA

Room:

608/609

Date:

4/30/2014

2:30 PM - 2:45 PM

Presenter: Robert Johnston, US Navy
Authors:

Robert Johnston, US Navy ; Jill Brandenberger, Pacific Northwest National
Laboratory ; Li-Jung Kuo, PNNL; Carolyn Suslick, PNNL; Eric Mollerstuen, US
Navy; Eric Beckley, US Navy

Abstract: As part of an Environmental Investment (ENVVEST) project to improve the
environmental quality of Sinclair and Dyes Inlets and the surrounding watershed, a
network of mussel watch stations was established to measure contaminant tissue residues
in native mussels to assess the spatial distribution of contamination, evaluate temporal
trends, assess whether exposure levels exceeded screening benchmarks, and identify
locations where corrective actions may be warranted. Twenty-four indigenous Mussel
Watch stations located in Sinclair Inlet, Dyes Inlet, Port Orchard Passage, Rich Passage,
Agate Passage, Keyport, and Liberty Bay were sampled during the winter of 2009-2010 and
2011-2012. The 2012 data set also included a sample of mussels purchased from a public
seafood market in Seattle, WA that originated from Penn Cove, WA. Indigenous bivalves
were collected from a small boat and/or from along the shoreline, measured, composited,
and analyzed for percent lipids, moisture, stable isotopes of carbon (δ13C) and nitrogen
(δ15N), Ag, As, Cd, Cr, Cu, Hg, Ni, Pb, Zn, 21 polychlorinated biphenyls (PCB) congeners,
total PCB, and 44 parent and methylated (CH3) polycyclic aromatic hydrocarbons (PAHs).
Data analyses evaluated the signed relative percent difference between years, the spatial
distribution of contamination, and compared the results to ecological effects benchmarks,
seafood market concentrations, and the range of metal and organic contaminants
reported from two decades of monitoring by the National Mussel Watch Program. Results
showed an overall decrease in PAH concentrations between 2010 and 2012, specific areas
were identified as likely sources of Hg and other metals, and a regional baseline was
established to evaluate the effectiveness of continuous process improvement of
environmental protection and restoration initiatives within the Inlets.

#

455 The assessment of nutrient, metal, and organic contaminant
concentrations in eelgrass (Zostera marina L.) in Puget Sound, WA
(USA): A project overview

Room:

608/609

Date:

4/30/2014

2:00 PM - 2:15 PM

Presenter: Jeffrey Gaeckle, Nearshore Habitat Program
Authors:

Jeffrey Gaeckle, Nearshore Habitat Program

Abstract: Outfalls that discharge residential, commercial, and industrial wastewater as well
as upland stormwater are abundant throughout Puget Sound, WA (USA). However, there
are limited data or few regulatory guidelines related to the management of outfalls, and
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practically no oversight on the impacts outfall infrastructure and discharge have on critical
nearshore habitats (e.g., eelgrass and macroalgae). Research has demonstrated
seagrasses uptake nutrients, metals and organic contaminants with varied physiological
effects, but little is known about the concentration of these substances in eelgrass in the
Pacific Northwest and more specifically, in greater Puget Sound. Basic nutrients, nitrogen
and phosphorus, are known to be abundant in the Sound, but whether these substances or
other contaminants are at levels that cause adverse effects and/or toxicity to eelgrass is
unknown. In an effort to meet its land stewardship responsibilities and to support the
Puget Sound Partnership’s goal to increase eelgrass area by 20% by 2020, the Washington
State Department of Natural Resources has identified a need to improve its understanding
of key seagrass stressors in greater Puget Sound. The current project conducted a baseline
assessment of nutrients, metals, and organic contaminants in eelgrass at 15 sites across
Puget Sound and at one additional site where modifications in an outfall are anticipated.
The overview of the project components, sample sites, methods, and preliminary results
will be presented.

#

313 Brominated Flame Retardants: Spatial and Temporal Patterns and
Trends in Seabird eggs from the Nearshore Pacific Coast of Canada

Room:

608/609

Date:

4/30/2014

1:45 PM - 2:00 PM

Presenter: Aroha Miller, University of Britsh Columbia
Authors:

Aroha Miller, University of Britsh Columbia; John Elliott, Enviroment Canada;
Kyle Elliott, University of Manitoba; Sandi Lee, Enviironment Canada; Melanie
Guigueno, Western Ontario; Abde Idrissez, Environment Canada

Abstract: Brominated flame retardants (BFRs) have been widely used to reduce fire
hazards. One class, the polybrominated diphenyl ethers (PBDEs), are particularly persistent
bioaccumulative and toxic chemicals, now classified as POPs under the Stockholm
Convention. Marine ecosystems are the ultimate sink for POPs, and thus there is a
continuing need to monitor such contamination. Eggs of marine birds have proven to be
an efficient and effective means of measuring and tracking xenobiotic compounds which
are transferred from the female bird to the egg via yolk lipids or proteins. Here we report
and discuss data from long term monitoring of and mercury in seabird eggs from the
northeast Pacific. For this program, the marine system was divided, and representative
species selected. The nearshore subsurface is monitored using two cormorant,
Phalacrocorax, species, auritus and pelagicus, both feed on a variety of benthic and pelagic
fish. The inshore and estuarine zone is monitored using the great blue heron, Adea
Herodias. Nearshore data will be compared to data from the offshore subsurface
monitored using the rhinoceros auklet, Cerorhinca monocerata, a feeder mainly on small
pelagic fishes, and the offshore surface species, the Leach’s storm-petrel, Oceanodroma
leucorhoa, which feeds mainly on surface plankton and larval fishes. At three breeding
colonies each along the Pacific coast of Canada and at four year intervals 15 eggs are
collected and archived. Data from a recent retrospective study, using archived samples
collected from 1990 to 2011, shows, as reported for more polluted environments, that
PBDEs increased in continental shelf ranging auklet eggs until the early 2000s and have
declined since then, in response to restrictions on usage. In contrast, another BFR
compound, HBCD (hexabromocyclododecane), increased steadily in eggs of both near and
offshore species. The possible role of dietary variation, potentially related to marine
regime shifts, will be examined by use of stable isotopes in variation in contaminant levels
in these monitored seabirds.

#

359 A broad-scale assessment of toxic contaminants in Dungeness
crabs (Metacarcinus magister) and spot prawns (Pandalus
platyceros) from Puget Sound, Washington

Room:

608/609

Date:

4/30/2014

2:45 PM - 3:00 PM

Presenter: Andrea Carey, WA Dept of Fish and Wildlife
Authors:

Andrea Carey, WDFW; Laurie Niewolny, WA Dept of Fish & Wildlife; Jennifer
Lanksbury, WA Dept. of Fish and Wildlife ; James West, WA Dept of Fish &
Wildlife

Abstract: Dungeness crab (Metacarcinus magister) and spot prawn (Pandalus platyceros)
are two common, abundant, and ecologically important benthic crustaceans that support
valuable recreational, subsistence, and commercial fisheries in Puget Sound. The purpose
of this study was to evaluate the geographic extent and magnitude of toxic contaminants
in these two species throughout eight Puget Sound basins and three urbanized
embayments as sub-locations; Elliott Bay (Seattle), Sinclair Inlet (Bremerton), and
Commencement Bay (Tacoma). Data generated from this study were also provided to the
Washington Department of Health for their human health risk assessment of these
species. Two hundred forty Dungeness crabs were collected at 54 stations, generating 56
crab muscle and 19 crab hepatopancreas composites while 777 spot prawns were
collected at 42 stations, generating 43 spot prawn muscle and 16 spot prawn head-tissue
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composites. Persistent organic pollutants (POPs) including polychlorinated biphenyls
(PCBs), polybrominated diphenyl ethers (PBDEs), polycyclic aromatic hydrocarbons (PAHs),
and organochlorine pesticides as well as six metals (mercury, arsenic, cadmium, copper,
lead and zinc) were analyzed in the crab and prawn tissues. Generally, the highest
concentrations of POPs were observed in urban areas while most metals were found at
varying levels in Dungeness crab and spot prawn muscle throughout Puget Sound. Total
PCBs in muscle tissue from both species ranged from the limit of quantitation (roughly
0.85 ng/g ww) to 12 ng/g ww in non urban locations and from 14 to 180 ng/g ww in the
three urban areas. PBDEs (sum of 11 congeners) and PAHs (sum of 37 analytes) in muscle
tissue were low overall with all concentrations less than 6 ng/g ww. With the exception of
a few metals, contaminant concentrations in the hepatopancreas of Dungeness crab and
head tissue of spot prawn were as much as 36 times higher than the concentrations
reported in corresponding muscle samples, suggesting POPs were being concentrated in
the primary detoxifying organ in these species. This first time broad-scale Puget Sound
wide assessment of these two crustaceans provides vital information into how
contaminants are geographically distributed throughout the area and how they
accumulate in these two important species of the Puget Sound food web.

Session: S-02C

Working Together: How Citizens can help prepare for the
consequences of an oil spill

Room:

606

Chair:

Marta Branch

Date: 4/30/2014

1:30 PM - 3:00 PM

In a critical area such as the San Juans, this panel will explore how citizen science plays a
key role in addressing the threat of major oil spills including the establishment of baselines
for individual beaches and region, systematic data gathering and response.

#

697 Working Together: How Citizens can help prepare for the
consequences of an oil spill

Room:

606

Date:

4/30/2014

1:30 PM - 3:00 PM

Abstract: Suspended particulate organic matter (POM) is a primary food source for benthic
and pelagic suspension feeders in aquatic ecosystems. POM is potentially composed of
many sources, including phytoplankton, bacteria, zooplankton, and macrophyte (seaweed
and seagrass) and terrestrial detritus. The relative importance of these sources to POM
consumers is debated, in large part due to differing interpretations of stable isotope and
fatty acid biomarkers. We investigated POM composition in the San Juan Archipelago
using multiple methods including visual quantification of living and detrital components,
multiple stable isotope (MSI) and fatty acid (FA) analyses. Sampling was conducted at
multiple temporal and spatial scales to 1) determine the range of variation in POM
biomarkers, 2) quantitatively compare δ13C, δ15N, δ34S and FA biomarkers with putative
sources and 3) identify drivers of variation in POM composition. Using multivariate
multiple regressions, MSI and FA explained 59.6% and 89.7% of the variation in POM
composition, respectively. Variation of total FA concentration and proportions, and of
δ13C and δ34S were strongly correlated to phytoplankton abundance. When
phytoplankton were rare, bacterial FA were proportionally more abundant and
corresponded to depletion of δ13C and δ34S and enrichment of δ15N. We observed a
similar range of variation in phytoplankton biomass and biomarker composition at tidal
(hourly) and seasonal time scales. Underlying the tidal and seasonal were strong
correlations of POM composition and total FA concentration to salinity and temperature;
decreased salinity was associated with an increase in the contribution marine of marine
phytoplankton. These results suggest that temperature and salinity may be useful
indicators for assessing marine primary production in the Salish Sea. This multi-scale study
showed that POM composition is highly dynamic and largely driven by environmental
controls on phytoplankton abundance.

#

278 Effects of hypoxia on the seasonal cycle of zooplankton
communities in Puget Sound, WA

Room:
Authors:

Marta Branch, San Juan County

Abstract: Geographically situated in the heart of the Salish Sea, San Juan County is at the
crossroads of shipping, from both Canada and the United States. Vessel traffic is expected
to increase exponentially over the next few years as shipping, especially of fossil fuels,
carries products from interior production sites to overseas markets. In light of this, the
Action Agenda for San Juan County includes “major oil spills” as one of the three issues to
address. As guided by the Marine Resources Committee, our approach is to be inclusive,
comprehensive, and pro-active. In this panel, we bring together experts who are “on the
ground” working to ensure that data, planning, and actions are coordinated among
agencies, concurrent with efforts to train and include citizen volunteers in all phases of the
work. Panel: • Marta C. Branch--San Juan County Marine Programs Coordinator (session
organizer); Speakers: • Joanruth Bauman --SJC Derelict Vessel program: Catching the
problem before it starts • Brendan Cowan –Director, San Juan County Department of
Emergency Management Spills-- 101: How Local Marine Managers Can Prepare for Their
Role in a Major Spill Response • Dr. Barbara Bentley--SJC MRC Chair—Creating Citizen
Scientists • Dan Doty WDFW/DOE— Using the data from pre-spill studies • Dr. Ken
Sebens--SJC MRC member—The San Juan County Marine Specimen Bank

Room:

Room:

611/612

Authors:

Chair:

Casimir Rice

Date: 4/30/2014

1:30 PM - 3:00 PM

The intent of this session is to explore spatial and temporal patterns of pelagic ecosystem
attributes of the Salish Sea in the context of past and future human activity. Submissions
are encouraged from a wide range of pelagic research and monitoring efforts in the US
and Canada; confirmed session content includes landscape scale results from: abiotic and
lower to middle trophic level attributes of surface waters, long-term biogeochemical
monitoring, and fish surveys using trawl and acoustic methods in the water column.

273 Patterns and drivers of nearshore particulate organic matter
composition
611/612

Date:

4/30/2014

1:30 PM - 1:45 PM

Presenter: Alexander Lowe, University of Washington
Authors:

Alexander Lowe, University of Washington; Aaron Galloway, University of
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4/30/2014

1:45 PM - 2:00 PM

Julie Keister, ; Amanda Winans, University of Washinton; Bethellee Herrmann,
University of Washington

212 Trophic position of jellyfish in the pelagic food web of Hood Canal

Session: S-02D Pelagic Ecology in the Salish Sea II: Landscape and Human
Contexts

Room:

Date:

Abstract: Hypoxia is increasing in severity with global climate change and is predicted to
lead to changes in zooplankton diversity and species composition. In particular, hypoxia is
hypothesized to lead to increased dominance of taxa with low metabolic rates such as
gelatinous species and cyclopoid copepods, and a decrease in the larger crustaceans that
are preferred prey of many upper trophic level organisms. We are studying relationships
between ocean chemistry and zooplankton in Puget Sound, Washington—a deep,
seasonally hypoxic fjord in the Pacific Northwest that supports a diverse zooplankton
community. How zooplankton species composition, behavior, growth, and energy flow to
predators are altered by hypoxia is a focus of our research. Here we will examine the
hypothesis that seasonal hypoxia leads to changes in zooplankton community structure
using in situ sampling from late spring to early fall at four sites along a gradient of oxygen
conditions in two contrasting years. We use multi-species analysis techniques to quantify
changes in the zooplankton to better understand community-level responses to hypoxia
and potential implications to fish.

#

#

611/612

Presenter: Julie Keister, University of Washington

Presenter: Marta Branch, San Juan County
Authors:

Washington; J. Sean Yeung, University of Washington; Megan Dethier,
University of Washington; david Duggins, University of Washington

611/612

Date:

4/30/2014

2:00 PM - 2:15 PM

Presenter: Pamela Moriarty, University of Washington
Pamela Moriarty, University of Washington; Timothy Essington, University of
Washington; John Horne, ; Julie Keister, ; Sandra Parker-Setter,

Abstract: Jellyfish may play a key role in pelagic food webs. Their interactions with fish are
potentially complex, as they may compete with pelagic fish for prey, may be prey for fish
and may be a predator on larval fish. To investigate these interactions, we must also
understand how the trophic role of jellyfish varies with factors such as size, species,
season and environmental conditions. Hypoxia, in particular, is an increasing problem
worldwide and is thought to likely affect fish-jellyfish interactions. We estimated the
trophic level of jellyfish using stable isotope analysis on multiple large jellyfish species
collected in Hood Canal, Washington. A paired-site sampling design was used to compare
hypoxic and non-hypoxic regions. Jellyfish and prey samples were collected from June to
October during two years at each site and across a size range. After determining the
influence of these factors on the trophic role of jellyfish, we will then be able to better
investigate diet overlap with zooplanktivorous fish. Preliminary results indicate that size
does not affect the trophic level of jellyfish. Jellyfish also appear to have similar isotopic
signatures to fish, which allows for the possibility of competition between jellyfish and
fish.
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Authors:

#

393 Nearshore and offshore feeding of juvenile salmon and forage
fish in the Salish Sea

Room:

611/612

Date:

4/30/2014

2:15 PM - 2:30 PM

Presenter: Iris Kemp, Long Live the Kings
Authors:

Iris Kemp, Long Live the Kings; Ruston Sweeting, Pacific Biological Station,
Fisheries and Oceans Canada; Ben Garfinkel, Oberlin College; David
Beauchamp, University of Washington

Abstract: The Salish Sea provides essential early marine growth environment for several
pelagic fish species, including Pacific salmon (Oncorhynchus spp), Pacific herring (Clupea
pallasi), and other forage fish (e.g., surf smelt, Hypomesus pretiosus; sand lance,
Ammodytes hexapterus). Early marine feeding and growth can be important to survival to
adulthood for these species. Early marine growth of Endangered Species Act-listed Puget
Sound Chinook salmon (O. tshawytscha) is tightly correlated with smolt to adult returns.
Variability in early growth is linked to variation in feeding rate. Therefore, factors which
affect feeding success, such as competition, during this life stage could have important
influences on marine survival. Recent work has shown spatial-temporal and dietary
overlap among juvenile salmon and herring and suggested that potential for competitive
interactions exists. However, the extent and strength of potential interactions remain
poorly understood and little is known about the feeding of other pelagic planktivores. We
describe feeding habits of juvenile salmon, herring, and surf smelt in the Salish Sea to
quantify variation in diet composition and characterize dietary overlap. Monthly, yearly,
and regional variation was evident, but consistent patterns were distinguishable. During
the critical summer growing season, Pacific herring dominated the biomass of the shallow
pelagic planktivorous fish community and exhibited extensive diet and spatial overlap with
juvenile Chinook salmon and coho salmon (O. kisutch). Crab larvae and amphipods were
important prey items. Diet compositions of chum salmon (O. keta) and surf smelt differed
from those of the other species, including greater amounts of gelatinous organisms
(ctenophores, larvaceans). Our results suggest that assessments of basin carrying capacity
and potential species interactions need to account for the population and feeding
dynamics of all major daylight planktivores, especially herring.

#

170 Assessing regional patterns of juvenile salmon growth in the
Salish Sea

Room:

611/612

Date:

4/30/2014

2:30 PM - 2:45 PM

Presenter: Meredith Journey, School of Aquatic and Fishery Sciences
Authors:

Meredith Journey, School of Aquatic and Fishery Sciences, University of
Washington; Marc Trudel, Pacific Biological Station, Fisheries and Oceans
Canada; Chrys Neville, Pacific Biological Station, Fisheries and Oceans Canada;
Ruston Sweeting, Pacific Biological Station, Fisheries and Oceans Canada;
Brian Beckman, NOAA Fisheries, Northwest Fisheries Science Center

Abstract: Early marine juvenile growth in Pacific salmon is generally positively correlated
with overall survival to reproductive age. In this study, regional patterns of juvenile salmon
growth are being analyzed over a two-year period (2012-2013) in the Salish Sea and
surrounding waters to better assess juvenile productivity, via growth, in the Salish Sea and
surrounding waters to provide us insight into possible mechanisms regulating survival.
Insulin-like growth factor-1 (IGF-1), a hormone used to assess instantaneous growth in
fishes, including juvenile salmon, was measured in late June and early July of 2012 and
2013 in the Strait of Georgia, Johnstone Strait, Queen Charlotte Strait, and Puget Sound.
Juvenile sockeye (Oncorhynchus nerka) and pink salmon (O. gorbuscha) were collected in
2012, whereas juvenile coho (O. kisutch), Chinook (O. tshawytscha), and chum salmon (O.
keta) where obtained in both years. In 2012 IGF-1 levels were highest in pink salmon from
the Gulf Islands and Puget Sound; this was a unique pattern among the 5 species of
juvenile salmon sampled. Coho salmon IGF-1 levels were highest in samples from the
Northern Strait of Georgia. Chinook salmon IGF-1 levels were significantly higher in the
Strait of Georgia than Puget Sound. The only regions where IGF-1 values were consistently
low for three of the four species were Queen Charlotte Strait and Johnstone Strait.
Analyses of 2013 IGF-1 levels (juvenile coho, Chinook, chum and a low number of sockeye)
are underway and scheduled plans to obtain samples in late June to early July of 2014 are
in place.

#

415 Temporal and spatial variation in springtime ichthyoplankton
assemblages in Puget Sound: the search for an ecological baseline

Room:

611/612

Date:

Presenter: Jessica Randall, NWFSC

Generated: 4/29/2014 11:54 AM

4/30/2014

2:45 PM - 3:00 PM

Jessica Randall, NWFSC; Correigh Greene, NOAA Fisheries; Timothy Essington,
University of Washington; Casimir Rice, NOAA; Morgan Busby, NOAA; Rick
Brodeur, NOAA; Toby Auth, NOAA

Abstract: Our knowledge of historical baselines for many marine fisheries is scant, making
it difficult to determine the extent of change in commercial and non-commercial stocks
alike. Providing a unique glimpse at entire communities and relatively easy to sample,
ichthyoplankton surveys are a valuable tool for assessing change in populations. Our study
evaluates the degree of spatial and temporal variation in larval fish assemblages across
the sub-basins of Puget Sound by comparing historical and current surveys. Historical data
for comparison was drawn from a study in 1967 conducted throughout the sub-basins
(Waldron 1972). Larval fish were also collected in April of 2011, using a combination of
horizontal and vertical tows, at 77 sample sites across a similar spatial extent. Although
densities were fairly constant in both studies, we found a region-wide decrease in the
density of previously dominant families, most notably in Merluccidae (hake) and Gadidae
(cod) which experienced a 98% and 85% decrease, respectively, as well as the total
disappearance of smaller, poorly understood families like Cyclopteridae (lumpsuckers).
Within sub-basins, a substantial change at a compositional level was observed, shifting
away from few, dominant families to more diverse assemblages. These findings reflect
significant temporal and spatial changes in ichthyoplankton assemblages over the past 44
years that parallel changes in commercial harvest practices. When examined alongside
coastal larval data over the same time frame, we found coastal stocks do not follow trends
observed in Puget Sound in terms of changes in species composition or disappearances. In
demonstrating the value of larval studies as a tool to assess long-term composition and
density changes, we call for additional efforts to describe and monitor larval fish densities
in Puget Sound to better our understanding of adult population dynamics.

Session: S-02E

Kelp: Assessing Trends and Threats in a Critical Biogenic
Habitat

Room:

613/614

Chair:

Helen Berry

Date: 4/30/2014

1:30 PM - 3:00 PM

This session highlights recent work to assess trends in kelp and factors influencing its
abundance and distribution, including complex interactions with grazers, predators, and
environmental change.

#

510 The Kelp of British Columbia and their Environment

Room:

613/614

Date:

4/30/2014

1:30 PM - 1:45 PM

Presenter: Louis Druehl, Bamfield Marine Sciences Center
Authors:

Louis Druehl, Bamfield Marine Sciences Ctr

Abstract: British Columbia has the richest kelp flora in the world. This reflects the overlap
of two distinct kelp floras—Northern and Southern—within the latitudes of Vancouver
Island. Further, the British Columbia kelp flora is divided into Salish Sea and outer coast
assemblages. This is thought to be driven by temperature/salinity regimes. The Salish Sea
protists are subjected to low summer salinities, resulting from snow runoff, and the outer
coasters experience low salinities, resulting winter rains. Incomplete surveys indicate a
changing kelp flora, perhaps driven by ocean warming: for example, Egregia, of southern
origin seems to be replacing Alaria, a northern species. Kelp productivity drives the nearshore food chains and may have been instrumental in the colonization of the Americas, by
means of the Kelp Highway.

#

354 Spatial and temporal variation in kelp forest composition off the
NW coast of Vancouver Island, British Columbia.

Room:

613/614

Date:

4/30/2014

1:45 PM - 2:00 PM

Presenter: Jane Watson, Vancouver Island University
Authors:

Jane Watson, Vancouver Island University

Abstract: The changes in kelp forest community structure, associated with the
reintroduction and spread of sea otters along the west coast of Vancouver Island, was
monitored from 1987-2013. Changes in kelp abundance and species composition were
documented annually at 5 permanently- marked sites and intermittently at 40 randomlyselected sites located in areas occupied by sea otters. Although the presence of kelp was
predictable, the species composition and abundance of algae was both spatially and
temporally variable, largely reflecting successional changes following the removal of sea
urchins by sea otters. Along with succession, water temperature, episodic algal
recruitment and demographic processes all appeared to affect the relative abundance and
species composition of kelp forests. In general, annual species such as Acid Weed
(Desmarestia spp,) were highly variable in abundance, whereas the long-lived stalked kelps
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(Pterygophora californica and Laminaria setchellii), underwent a gradual decline and slow
recovery over the 26 year period. The canopy forming Bull Kelp (Nereocystis luetkeanna)
was generally associated with early successional stages or disturbance events and the
Giant Kelp (Macrocystis pyrifera = integrifolia) was recruited in less exposed areas.

#

574 An historical study of changes in floating kelp beds in Puget Sound
and the Strait of Juan de Fuca

Room:

613/614

Date:

4/30/2014

2:00 PM - 2:15 PM

Presenter: Helen Berry, WA Dept of Natural Resources
Authors:

Helen Berry, WA Dept of Natural Resources; Tom Mumford, Univ of
Washington Tacoma; Kate Sherman, WA DNR

Abstract: This study assessed changes in floating kelp canopy area through comparing
historical data to recent surveys. It updated a 1990 synthesis by Thom and Hallum that
found the length of shoreline with kelp forests increased substantially between 1912 and
1978, with the largest relative increases in South and Central Puget Sound. We extended
the temporal comparison to 2013 using boat-based canopy mapping, airphoto-based
surveys, and existing studies by other scientists. We observed extensive losses in the
length of shoreline with floating kelp between 1978 and 2013 in the areas we surveyed in
South Puget Sound and around Bainbridge Island, with the exception of a limited number
of beds which persisted throughout the time period. In Elliott Bay, bull kelp occurred along
an equal or greater length of shoreline compared to historical data sets. More detailed,
inter-annual comparisons were possible along the Strait of Juan de Fuca using DNR’s longterm monitoring results from 1989 to 2012. These data show large inter-annual variability
in kelp canopy extent and very few losses of the type observed in South and Central Puget
Sound. Overall, despite uncertainty associated with diverse data sets, our updated
temporal comparison suggests strongly that floating kelp has decreased in South and
Central Puget Sound in recent decades. This finding is supported by small area surveys and
observations. The causes of the observed changes are not understood. Some candidates
include competition with native or non-native vegetation, water quality degradation,
substrate alteration, changes in grazer populations, and physical disturbance.

#

447 TOP DOWN CONTROL OF CANOPY-FORMING KELP BY
CRUSTACEAN CONSUMERS

Room:

613/614

Date:

4/30/2014

2:15 PM - 2:30 PM

Presenter: Katie Dobkowski, University of Washington
Authors:

Katie Dobkowski, University of Washington

Abstract: Bull kelp (Nereocystis luetkeana) plays an important ecological role in nearshore
subtidal ecosystems around the Salish Sea, including primary production, supply of detrital
material, and creation of three-dimensional habitat for other species. Large crustacean
consumers such as the northern kelp crab (Pugettia producta) may influence kelp
distribution and abundance. Exclusion cages at a subtidal field site near Point Caution on
San Juan Island were used to assess herbivory on juvenile N. luetkeana. The four
treatments using mesh and concrete blocks with attached juvenile bull kelp, were:
unenclosed, partially mesh enclosed, fully mesh enclosed, and fully mesh enclosed with P.
producta inside. The only treatment in which juvenile bull kelp increased in mass or blade
length was the fully caged treatment. To assess crabs’ potential to exert top-down control
on kelp bed species, we quantified feeding electivities and preferences of kelp crabs (P.
producta) in laboratory feeding trials on a range of prey items, including several
macroalgal species and snails. In these trials, kelp crabs were starved for 12 hours and
then allowed to feed for 12 hours. In all trials, kelp crabs elected to eat more N. luetkeana
than any other macroalga tested; in the kelp vs. snail trial, they showed no significant
preference. In a follow-up laboratory feeding trial, kelp crabs were starved for 12 hours,
then allowed to feed for 12 hours on two similar-sized pieces of N. luetkeana. One of the
pieces was freshly collected and the other aged in a dark, flowing seawater tank for one
week. On average, P. producta consumed 6.0 g of fresh blade and 1.5 g of aged blade. The
results of these experiments indicate that kelp crabs frequently elect to eat fresh N.
luetkeana over other macroalgae, in addition to their role as detritivores, and may exert
top-down control on bull kelp distribution and abundance when kelp sporophytes are
small and therefore most vulnerable to catastrophic herbivory.

#

416 Seaweed responses to climate change: predictions, observations,
and knowledge gaps

Room:

613/614

Date:

4/30/2014

Presenter: Christopher Harley, University of British Columbia
Authors:

Christopher Harley, University of British Columbia
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2:30 PM - 2:45 PM

Abstract: Kelps and other macroalgae in the Salish Sea are sentinel species for detecting
the effects of climate change on marine ecosystems. However, the connections between
changes in climate and changes in the distribution and abundance of benthic algae are
complex. Warming, particularly in the intertidal where high temperatures can be stressful,
is generally expected to result in seaweed mortality and contraction of species’ upper
limits. Detailed time-series data support this contention; the upper limit of an intertidal
turf contracts downshore during rare heat waves. Historical data from the Strait of Juan de
Fuca suggest that this is true for intertidal kelps as well, as the upper limits of several kelp
species have shifted downshore since the 1950s. However, surveys of other seaweeds at
the same sites did not reveal coherent patterns in non-kelp species over the same time
period. Into the future, patterns of seaweed distribution and abundance will be driven by
multiple stressors including temperature and ocean acidification, and the novel
combinations of these stressors may produce unexpected outcomes. Furthermore,
important climate-driven changes in herbivore populations will have far-reaching effects
on seaweeds. At this stage, we have accumulated a wealth of (usually) single-factor /
single-species laboratory studies that identify some potential leverage points for change,
and some historical data confirming ongoing changes in the field. Future work must focus
on comprehensive experiments that can mimic realistic combinations of climate change
stressors in communities that contain important producers and consumers, and provide
better links between what is observed in the laboratory and in the field.

#

473 Likely response of kelps to future ocean acidification conditions in
the Salish Sea

Room:

613/614

Date:

4/30/2014

2:45 PM - 3:00 PM

Presenter: Terrie Klinger, University of Washington
Authors:

Terrie Klinger, University of Washington

Abstract: The response of kelps to future ocean acidification conditions in the Salish Sea
will influence biological productivity, ecological complexity, and biogeochemical cycling in
this system. Despite their importance, the response of kelps to ocean acidification has not
been tested in the Salish Sea. Kelps from other regions have been shown to exhibit
positive, neutral, and negative responses to ocean acidification. At the level of the
individual these responses tend to be dominated by changes in carbon acquisition and
metabolism under conditions of seawater carbon enrichment. At the community level,
changes in algal growth rates, competition for space, and grazing pressure are likely to
lead to an unknown degree of community reorganization. Interactions with other
stressors—for example, temperature—will modify the response of kelps to acidification
alone. I review the physiology of carbon acquisition in kelps, pose scenarios for kelp
community response to ocean acidification, and suggest approaches to management of
kelp resources in the Salish Sea.

Session: S-02F

Pressure and risk assessment tools and programs in
support of short and long term management decisions for
ecological restoration and human welfare in the Salish Sea

Room:

602/603

Chair:

Wayne Landis and Scott Redman

Date: 4/30/2014

1:30 PM - 3:00 PM

Structured and shared decision-making and the role of policy, science, legal frameworks,
economics and culture to support Salish Sea protection on short- and long-term horizons

#

274 The Fox and the Hound: Zeus’s Paradox and Prioritizing
Ecosystem Recovery

Room:

602/603

Date:

4/30/2014

1:30 PM - 1:45 PM

Presenter: Ken Currens, Northwest Indian Fisheries Commission
Authors:

Ken Currens, ; William Labiosa, USGS; Elizabeth McManus, Ross Strategic

Abstract: In Greek mythology, Zeus solves the paradox of the giant Teumessian fox, which
had the power to never be caught, and Laelaps, the magical hound that always caught its
prey, by changing them into constellations (Canis major and Canis minor) where their
battle could play out for eternity. Zeus’s paradox also aptly describes the play of politics
and science in prioritizing ecosystem recovery actions. Faced with the problem of
prioritizing across hundreds of actions identified to recover terrestrial, freshwater, and
nearshore domains of the Puget Sound, we structured an interactive process to capture
both the key socio-political values of decision makers and expert knowledge about
ecological effectiveness. Decision makers identified four important values for
prioritization: ecological outcomes, strategic outcomes, protection of tribal treaty rights,
and implementation issues. At their direction we decomposed the first two into 27
attributes. Technical experts nominated by decision makers evaluated 74 suites of
recovery actions proposed for terrestrial, freshwater, and nearshore ecoystems by the
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attributes. We used a multi-attribute utility theory model with attribute weights
developed with the decision makers to rank the 74 suites of recovery actions. Highest
ranked were suites of actions focused on protecting ecosystem structure and functions
and on balancing the need to accommodate population growth with ecosystem stressors
imposed by development.

#

516 A pressure taxonomy and pressure network diagrams for Puget
Sound ecosystem recovery

Room:

602/603

Date:

4/30/2014

1:45 PM - 2:00 PM

Presenter: Kari Stiles, Puget Sound Partnership
Authors:

Scott Redman, Puget Sound Partnership; Kari Stiles, Puget Sound Partnership;
Tracy Collier, Puget Sound Partnership; Ken Currens,

Abstract: Puget Sound ecosystems, species, and human wellbeing are affected by both
natural events and human activities. Broadly, these activities and events that ultimately
effect change in the ecosystem via a variety of pathways of effect can be called
“pressures” or “threats." In its conceptual models of the Puget Sound ecosystem and of
ecosystem recovery efforts, the Puget Sound Partnership (PSP) identifies key components
of the ecosystem and the pressures that directly threaten these components. We have
developed a "pressure taxonomy" that is intended to support recovery efforts by
improving the ability of practitioners, managers, scientists and decision-makers to
communicate, coordinate and collaborate more effectively within and across projects. The
taxonomy is hierarchical, including three levels of information – pressure categories,
pressure classes, and stressors – and examples of how the elements can be combined to
describe pathways of effect. By adopting a standard nomenclature and presenting
examples of pressure network diagrams, the PSP pressure taxonomy serves as a starting
point for describing the multiple pathways of effect of pressures to Puget Sound
ecosystems. The taxonomy has guided the development and implementation of the 2014
Puget Sound Pressure Assessment and will help make the results of that assessment useful
to others. Ultimately, if all Puget Sound ecosystem recovery partners are able to reference
the common taxonomy, we will increase the region’s capacity to assess risks to Puget
Sound ecosystems and develop more effective approaches to managing and reducing
threats to the Sound.

William Labiosa, USGS; Ken Currens, ; Timothy Quinn, ; Ilon Logan, ESA;
Margaret Clancy, ESA; Karen Jenni, Insight Decisions
Abstract: The Puget Sound Partnership has undertaken a major project to evaluate
pressures on the Sound’s marine, nearshore, freshwater, and terrestrial resources, and
identify the critical ecosystem vulnerabilities that should be addressed to ensure
sustainable long-term protection and recovery. The project is one of the priority science
actions in the 2011-13 biennial science work plan, and was led by the Partnership’s Science
Panel. The purpose of the 2014 Puget Sound Pressure Assessment is to create a more
systematic and regionally accepted understanding of the pressures on the Puget Sound
ecosystem and how and where the ecosystem is vulnerable to these pressures. It is
intended to inform future decisions about what actions are most needed and how best to
undertake Puget Sound protection and recovery. Vulnerability was assessed for stressor ecosystem endpoint pairs by eliciting expert judgments about the functional impact,
recovery time, and resistance of stressor effects on endpoints. Stressor intensity and
endpoint distribution were separately characterized using either elicited expert judgments
or GIS analysis as appropriate. Stressors represent documented, proximate causes of
environmental change that capture a topic of concern identified in the Action Agenda or
other applicable landscape assessment. Stressors included in this assessment were
consistent with those presented in Puget Sound pressure taxonomy. Ecosystem endpoints
are components or attributes of the ecosystem. Ecosystem endpoints were selected for
three domains (terrestrial, freshwater, marine-nearshore). Vulnerability was assessed by
eliciting expert judgments about and the strength of stressors expressed in geographic
assessment units. Assessment units included 16 watersheds (using the areas defined for
Chinook recovery planning) and seven marine basins (as defined by the Puget Sound
Nearshore Ecosystem Restoration Project). . Results calculated as potential impact of
stressors, on endpoints, for individual assessment units can be combined in manifold ways
to provide information about common themes and geographic differences in critical
vulnerabilities. This presentation will share lessons learned from this complex project and
assessment results

#

148 Evaluating Non-Indigenous Species Eradication Options in a
Bayesian Network Derived Adaptive Management Framework

Room:

602/603

Date:

4/30/2014

2:30 PM - 2:45 PM

Presenter: Carlie Herring, Western Washington University

#

246 Evaluating and ranking pressures threatening the recovery of the
Puget Sound Ecosystem

Room:

602/603

Date:

4/30/2014

2:00 PM - 2:15 PM

Presenter: William Labiosa, US Geological Survey
Authors:

William Labiosa, USGS; Timothy Quinn, ; Ken Currens, ; Wayne Landis,
Western Washington University; Robert Johnston,

Abstract: The Puget Sound Partnership (PSP) and its partner agencies established
ecosystem restoration goals to achieve recovery of the Puget Sound ecosystem by 2020.
In support of effective ecosystem recovery planning, the PSP’s Biennial Science Work Plan
highlights the need for a clear and comprehensive understanding of the relative potential
impacts of the various sources of stress (pressures) on ecosystem and human well-being
components, which are described using a system of assessment endpoints. To address this
need, members of the PSP Science Panel have led the development of a multi-scaled
ecosystem pressures assessment approach that builds on a conceptual model of intrinsic
ecosystem vulnerability. This conceptual model describes the vulnerability of ecosystem
endpoints to individual stressors, within marine & nearshore, terrestrial, and freshwater
aquatic ecosystem domains, at the scale of watersheds and marine sub-basins. This
presentation will describe: 1) the basis for the ecosystem vulnerability approach, 2) the
process used for choosing and defining assessment endpoints and stressors, 3) the
structure of the underlying sub-models for intrinsic vulnerability, stressor intensity and
distribution, and endpoint distribution, and 4) the expert elicitation process used to
parameterize these models. The pressures assessment was designed to support the
Partnership’s complicated ecosystem recovery planning processes, which includes
integrated basin-scale planning as well as multiple local watershed-scale planning
processes. While this presentation focuses on the underpinnings of, and the processes
used within, the approach, its workshop-driven implementation and the assessment
results and interpretation will be discussed in a separate talk.

#

537 Implementing the 2014 Puget Sound Pressure Assessment

Room:

602/603

Date:

4/30/2014

2:15 PM - 2:30 PM

Presenter: Elizabeth McManus, Puget Sound Partnership
Authors:

Scott Redman, Puget Sound Partnership; Elizabeth McManus, Ross Strategic;
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Authors:

Carlie Herring, Western Washington University; Jonah Stinson, WWU; Wayne
Landis, Western Washington University

Abstract: Many coastal regions are facing problems with the introduction and spread of
non-indigenous species (NIS). Common efforts addressing this issue include eradicating
these species, which can occur at different stages of the NIS invasions, such as elimination
of these species before being introduced to the habitat, or removal of the species after
settlement. Eradication methods can either target multiple species (such as with ballast
water treatments) or single species eradication, with chemical and/or mechanical
treatment options. Little information is available as to the consequences of some of these
eradication practices in terms of ecological and toxicological impacts to the surrounding
habitat. A regional risk assessment using a Bayesian Network Model, is being conducted in
Padilla Bay, Washington, a National Estuarine Research Reserve. The objectives of this
study are to 1) determine the vectors of introduction that are associated with higher risks
of NIS invasions and 2) analyze various management options that will reduce the risk of
NIS introductions, while being least disruptive to the marine community. The Bayesian
Network Model is advantageous because it allows us to analyze various adaptive
management options for controlling NIS, comparing and contrasting methods such as
chemical and mechanical eradication, as well as various treatments of ballast water before
it is released into coastal waters. The results from this study will allow us to evaluate the
likelihood of NIS risk reduction outcomes from each management option in respect to the
endpoints in the surrounding habitats. The framework from the risk assessment and
adaptive management will be adaptable for other regions interested in the eradication of
NIS organisms.

Session: S-02G Reimagining Shorelines: Building relationships and
designing successful shoreline enhancement projects
Room:

6E

Chair:

Jim Johannessen

Date: 4/30/2014

1:30 PM - 3:00 PM

This session will focus on the unique set of landowner issues and objectives using
examples from recent, successful shoreline enhancement projects, how these objectives
are reflected in final designs, and speak to the importance of garnering interest and
building relationships of trust between project proponents, project designers, and
landowners, whether they are public, private, or tribal.
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100 Reimagining Shorelines in the Salish Sea: Overview of building
relationships and designing successful shoreline enhancement
projects

Room:

6E

Date:

4/30/2014

1:30 PM - 1:45 PM

Presenter: Jim Johannessen, Coastal Geologic Services
Authors:

Jim Johannessen, Coastal Geologic Svcs

Abstract: As our aging shoreline infrastructure fails and new goals to enhance habitats are
implemented, a new vision for the future of our shorelines is needed. Central to this vision
is imagining what a degraded shore could become while designing with natural processes
for sustainable shores. Getting and keeping landowners (private, tribal, or public)
interested, engaged, and onboard through the entire process is a critical step. This comes
down to: IMAGINATION in the face of inherited problems and sea level rise and
RELATIONSHIPS. This talk will begin the special session and will outline the unique set of
landowner issues and objectives that were brought to bear on recent, successful projects,
how these objectives are reflected in the final project designs, and speak to the
importance of building relationships of trust between project proponents, project
designers, and landowners. Since the large majority of the Salish Sea coast is in private
ownership, it is critical to involve and work with owners other than public entities and
consider the full spectrum of values. An overview of modern shoreline enhancement and
restoration will be presented, followed by the current restoration for salmon habitat and
improved recreation. Examples of successful coastal restoration projects from around
Puget Sound representing the diversity of values and objectives will illustrate that multiple
objectives lead to the same end result: healthy, resilient shorelines providing economic,
environmental, and social benefits. Planning for sea level rise will be included in all project
examples. A goal of the session will be to demonstrate the integrative nature of a variety
of successful projects with diverse objectives and funding sources, and the many ways and
many reasons to reimagine much more of our shorelines.

#

259 Samish Indian Nation: Designing Successful Shoreline Projects

Room:

6E

Date:

4/30/2014

1:45 PM - 2:00 PM

Presenter: Christine Woodward, Samish Indian Nation
Authors:

Christine Woodward, Samish Indian Nation

Abstract: In 2009, the Samish Indian Nation located in Anacortes Washington networked
with a variety of local, state and federal agencies to restore 550 feet of eroding shoreline
along Weaverling Spit with an engineered soft shore stabilization project to protect an
archeological site that was in danger of eroding onto the beach. This project also provided
habitat for forage fish spawning along with shade vegetation; and helped stabilize the
shoreline along the popular Tommy Thompson pedestrian trail that was currently being
impacted by erosion and in danger of being lost in certain portions. . Phase Two, The
Central Weaverling Spit project that was completed in the fall 2011 and is located on tribal
property, replenished the lost sediment by rebuilding a natural sloping beach from the
edge of the past projects and stretching an additional 500 feet east. In addition the
design also included the following:  Removing non-native debris from the beach, 
Installing drift sills made of large root wads or large logs that stick out perpendicular from
the bank. The sills which will be mostly buried under the gravel wedge, will serve to
interrupt along-shore transport of the new gravel, so that the gravel will stay in place for
as long as possible;  Planting native shrubs and trees. (this was completed 2 years in
advance of the project) These projects are being used as an educational opportunity on
bank stabilization and beach nourishment and focuses on the value of networking a wide
variety of partners working together towards the same goal

Plan adopted by the San Juan County Council in 2007 and by the Puget Sound Partnership’s
San Juan Local Integrating Organization (SJC Action Agenda 2011, SJC Marine Resources
Committee 2007). Successful restoration requires an understanding of the strategic
actions to target, as well as long-term focused communication and technical support at all
project stages including identification, cultivation, funding, design, construction and
monitoring. Investment of resources at the early phases of project development,
including prioritization, landowner site visits, feasibility studies and conceptual designs,
helps ensure that technically sound, ecologically important projects, with willing
landowners, advance to final design and implementation. Friends of the San Juans will
share lessons learned from multiple nearshore marine restoration projects implemented
in San Juan County with public, private and tribal landowners. There will be an emphasis
placed on the key relationships and project management elements required to foster
efficient and effective projects from a restoration plan report to rehabilitation of habitat
and habitat forming processes.

#

171 Implications of Enhancing Forage Fish Spawning Habitat in the
Absence of Sediment Processes that Maintain Spit Systems

Room:
Authors:

338 Elements of Success: Lessons from a Decade of Restoration
Project Identification, Cultivation and Implementation

Room:

6E

Date:

4/30/2014

2:00 PM - 2:15 PM

Presenter: Shannon Davis, Friends of the San Juans
Authors:

Shannon Davis, Friends of the San Juans; Tina Whitman, Friends of the San
Juans; Stephanie Buffum, Friends of the San Juans

Abstract: Coastal geologic processes create and maintain the nearshore habitats upon
which forage fish and many other Puget Sound species of concern rely. Shoreline
modifications, like bulkheads, disrupt and damage sediment supply and transport
processes that form beaches and provide appropriate spawning substrate for surf smelt
and Pacific sand lance (Penttila 2007, Carrasquero-Verde et al 2005, Johannessen and
MacLennan 2007). Shoreline modifications have been identified as one of the greatest
threats to our nearshore ecosystems (Thom et al. 1994) and are ranked as one of the top
three threats to the marine ecosystem in the San Juan County Marine Stewardship Area
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Date:

4/30/2014

2:15 PM - 2:30 PM

Jeff Parsons, Herrera; Jose Carrasquero, Herrera; Mike McHenry, Lower
Elwha Klallam Tribe; Lisa Kaufman, Northwest Straits Foundation; Gus Kays,
Herrera

Abstract: Ediz Hook is one of the most well studied spits anywhere in the Salish Sea. The
loss of sediment supply to the spit and the construction of a riprapped road prism to the
tip of the spit has caused rapid erosion, necessitating “nourishment” on the outside (north
side) of the spit by the US Army Corps of Engineers. The erosion was exacerbated by the
installation of dams on the Elwha River, which have been recently removed. As part of this
extremely large restoration project, there is a large international monitoring effort
examining the impacts to the outside of the spit, which should see significant new
sediment from the river over time. Though the outside of the spit has been of intense
interest, a much smaller habitat enhancement program has been active since 2003 in
improving shoreline conditions of the inside of the spit (on the south side). Here, sediment
reduction has been complete. Not only is the sediment supply to the spit at large reduced,
but the road prism completely blocks the overwash that supplied the inside of the spit
with sediment. This sediment loss has caused rapid erosion of former spit deposits, also
endangering the roadway. Although the shoreline is somewhat unusual in that the
sediment supply has been eliminated completely by the placement of a riprapped road,
the observations made in response to placed sediment and wood provide indications as
the effectiveness of various approaches. First, the observations suggest that even in
situations where sediment supply has been completely eliminated, nourishment can
recreate productive habitat features. Also, it appears that the placement of large amounts
of untethered but buried wood does enhance the ability of the beach to retain sediment
appropriate for forage fish spawning. Finally, the project also illustrates a project setting
where protection of infrastructure (in this case the road) if designed properly can also
improve habitat.

#

515 Boulevard Park Shoreline Improvements, Revitalizing an Urban
Park

Room:

6E

Date:

4/30/2014

2:30 PM - 2:45 PM

Presenter: Alexis Blue, Coastal Geologic Services
Authors:

#

6E

Presenter: Jeff Parsons, Herrera Environmental Consultants

Alexis Blue, Coastal Geologic Services

Abstract: Coastal Geologic Services as the lead consulting firm with Alexis Blue as the
project manager and coastal engineer produced a design for partial shore armor removal,
beach enhancement, and erosion control for the majority of the shore of Boulevard Park
in Bellingham. Boulevard Park is the most popular park in Bellingham with over 800,000
visitors yearly. The shore of Boulevard Park is sawdust and industrial fill contained by a
failing and poorly installed concrete slab and rubble revetment with landward lawn. The
project area’s shore length is approximately 1,050 feet and the project includes debris
removal, beach nourishment, relocated trails, shore armor design, and increased elevation
for sea level rise considerations. CGS successfully balanced the urbanized nature of the
shore with its numerous impairments to natural processes, adjacent cleanup site, a limited
construction budget, and the small size of the park to produce a design that creates new
beach areas and allows for enhanced nearshore recreation and habitat. The beach
enhancement approach and design elements were determined based on the site survey,
wave modeling, review of aerial and ground photos, reference beach analysis, and
professional experience with numerous similar restoration projects in the Puget Sound
region. The goal of this work was to stop beach and upland erosion, provide recreation
access, and enhance habitat benefits. A minimum thickness of beach gravel and
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appropriate beach slopes are critical to the function of a gravel beach at being able to
absorb wave swash while allowing water to percolate into the beach and drain waterward.
Beach nourishment gravel design at the project site is also critical for maintaining a buffer
for sediment porosity over time without exposing underlying wood waste and other
industrial fill. The nourishment gravel is contained on the down-drift end by a drift sill. A
drift sill is a low elevation rock groin designed to stabilize placed nourishment sediment
without intercepting natural littoral drift sediment. Phase 1 was constructed in summerfall of 2013. Construction and as-built information to be presented includes before and
after pictures, encountered logistical issues and how they were overcome, as-built cross
sections, and initial community reaction to beach public access and habitat enhancement.

Session: S-02H Integrating the Social and Natural Sciences for Better
Decision Making
Room:

607

Date: 4/30/2014

Chair:

Chris Harvey and Mark Plummer

1:30 PM - 3:00 PM

Invited and contributed case studies of collaboration between natural and social scientists
to enhance integrated coastal management in the Salish Sea.

#

607 Integrating the Natural and Social Sciences: An Introduction

Room:

607

Date:

4/30/2014

1:30 PM - 1:45 PM

Presenter: Sara Breslow, NOAA
Authors:

Sara Breslow, NOAA

Abstract: In an effort to address the complexity of socio-ecological problems,
environmental scientists and decision-makers increasingly call for the integration of
natural and social sciences in research and application. Yet collaborative efforts continue
to be limited by a misunderstanding of different disciplines and a lack of deliberate
strategies to bridge disciplinary differences. This paper summarizes concepts and tools for
integration from the literature on interdisciplinarity, and reports lessons learned from two
cross-disciplinary experiences: teaching a University of Washington doctoral seminar on
interdisciplinary environmental research, and collaborating as an anthropologist with
marine scientists at NOAA. Two major principles for successful interdisciplinary integration
emerge: 1) it requires learning not only about different disciplines, but also about the
philosophical workings and limitations of one’s own discipline to a greater degree than
would otherwise be considered necessary, and 2) it requires cultivating a specific set of
skills and attitudes. This paper will describe several tools for structuring a group’s learning
about their respective disciplines, including the Jargon Board and Philosophical Toolbox,
and it will introduce an accepted typology for integration: cross-, multi-, inter- and transdisciplinarity. The paper will also discuss attitudes and skills recommended for
interdisciplinarians, including respect for other disciplines, comfort with ambiguity and
dissonance, creative thinking, self-questioning, and investment in interpersonal
relationships. Finally, the paper will reflect on how integrating the natural and social
sciences may benefit the recovery of the Salish Sea ecosystem.

#

111 Balancing Riparian Management and River Recreation in the
Cedar River

Room:

607

Date:

4/30/2014

1:45 PM - 2:00 PM

Presenter: Kate Akyuz, King County Rivers and Floodplain Management
Authors:

Kelly Biedenweg, Puget Sound Institute; Kate Akyuz,

Abstract: Riparian management in the Puget Sound lowland often includes placing large
wood or retaining fallen logs to stabilize riverbanks and enhance salmon habitat. In
addition to creating salmon habitat, this practice benefits humans by protecting
infrastructure and natural resources, although it is unclear whether it may affect
recreation users. We describe a project that scientifically estimated the number of river
floaters, where they float in relationship to river projects and natural wood loading areas,
the risks they take while floating, and their perceptions of large wood in the river.
Selecting a high-use suburban river in Washington State, we used riverside observations,
interviews, and an infrared counter to gather recreation data in the summer of 2010.
Additionally, aerial photography was used to identify the locations of naturally recruited
large wood. Statistical analyses provided general characteristics of users, trends in
engaging in risky behaviors, and estimates of use for the entire season and on the busiest
day. Data mapping with GIS presented both the the density wood and the density of
recreation use along the river and frequency of use of specific float routes. Finally,
qualitative analysis of interviews clarified the public’s opinion of large wood. We describe
how this data was used in the 2011 to inform river management decisions.

#

326 Mapping Coupled Social-Ecological Systems in Puget Sound:
Lessons from Paired Social and Biophysical Data

Room:

607

Date:

4/30/2014

2:00 PM - 2:15 PM

Presenter: Karma Norman, NOAA Northwest Fisheries Science Center
Authors:

Karma Norman, NOAA NWFSC; Blake Feist, NOAA Fisheries; Thomas Safford,
University of New Hampshire

Abstract: Ecology benefits from integrated, interdisciplinary collaborations. However,
most collaboration exists within natural science disciplines. Expanding these
collaborations to disciplines outside the natural sciences enhances both ecology as well as
other engaged disciplines. Our work suggests that ecosystem based research needs to be
grounded in social science frameworks, in order to better address the complexities of
resource management in urbanized and urbanizing systems. The Washington portion of
the Salish Sea is home to over 3.5 million people. The anthropogenic pressures are
substantial, as are the complexities of managing them. This complexity challenges
conventional ecology-centric management approaches, and this limitation can be reduced
when sociological factors are incorporated. In our study we sought to garner collaborative
insights generated by linking a social survey to landscape ecology. The survey identified
normative influences in social interactions in the Puget Sound basin by posing a series of
questions regarding individual views on the local environment and the desirability of a
range of potential ecosystem conditions within Puget Sound. We tried to identify the
relationship between an urban development trajectory and people’s views on
environmental problems and possible policy solutions. We mapped the survey data to US
zip code regions and spatially overlaid the survey response data with existing geospatial
data layers of biophysical conditions. We found relationships between people’s responses
and the conditions within their residence zip code, which alters our interpretation of both
the sociological and ecological data. Interdisciplinary collaboration across conventional
disciplinary boundaries is at the center of this socio-ecological effort to improve
environmental restoration efforts and decision-making in the Puget Sound. Because
restoration goals for various aspects of the Puget Sound ecosystem are often products of
biophysical analyses combined with the sociopolitical expressions of stakeholders and
managers, robust research around restoration must include both a developed
understanding of the local landscape ecology and an informed analysis of Salish Seaspecific societal perceptions and values.

#

421 A social-ecological approach to estuary restoration planning:
integrating social networks into landscapes

Room:

607

Date:

4/30/2014

2:15 PM - 2:30 PM

Presenter: Jesse Sayles, Arizona State University
Authors:

Jesse Sayles, Arizona State University; Jacopo Baggio, Arizona State University

Abstract: Restoring the Salish Sea and its watersheds is vital for human wellbeing in the
Pacific Northwest. However, restoring large regions is challenging from both social and
ecological perspectives. Many government, non-profit, business, and citizen groups, acting
at different scales (from local to national), need to coordinate their efforts to achieve
restoration goals. Furthermore, the areas where groups work - formally or informally often do not align with watershed boundaries, a phenomenon known as scale mismatch,
which can undermine restoration efforts and natural resource governance more broadly.
Thus, understanding how restoration groups are connected to one another and across the
landscape is essential for restoration success. We provide this network perspective by
integrating social and hydrologic networks and assess how social collaboration bridge
hydrologic boundaries at multiple spatial levels. We then discuss how network actors
perceive social borders and collaborations affect their restoration work. We use salmon
recovery in the Whidbey Basin region, northeast Puget Sound, WA as a case study. We
surveyed and interviewed people (n = 167 and a subset of 94, respectively) at local,
county, state, federal, tribal government, non-profits, citizen groups, farming and
shellfishing industries, and dike/drainage districts. We use the survey data to build a social
network of organizations involved with restoration and relate this to the hydrologic
network. This social-ecological integration allows us to visualize and identify where the
structure of social collaborations may hinder, or promote restoration efforts. Our in-depth
qualitative interviews ground our structural analysis revealing how collaborations and
borders affect restoration. We present our framework as a social-ecological planning tool
that can be integrated with ecological planning efforts such as WA Dept. of Ecology’s
Watershed Characterization Project to better restoration efforts.
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472 A socio-ecological approach for setting ecosystem targets
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Phillip Levin, NOAA, Northwest Fisheries Science Center; Amanda Rehr, NOAA
Fisheries; Greg Williams, NOAA; Karma Norman, NOAA NWFSC; Chris Harvey,
NOAA-NWFSC

Abstract: Ecosystem-based management will remain a good idea that is not really
implemented until scientifically rigorous and socially feasible management targets exist.
Because targets are an expression of the desired state of the ecosystem, establishing
targets must include ecological understanding and societal values. Here, we report on an
approach for identifying scientifically rigorous ecosystem targets that explicitly consider
social perspectives. Focusing on Puget Sound , we used a food web model to examine
changes to ecosystem attributes that result from simulated changes in nearshore habitat
and water quality. We then conducted social norm analyses in which stakeholders were
asked to rate the desirability of a range of potential ecosystem futures. By explicating
linking trade-offs inherent in socio-ecological systems with societal values, we provide a
transparent means for identifying management targets for EBM.
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622 How the Social Sciences Can Inform Natural Resource Decisions

Room:

607

Date:

4/30/2014

2:45 PM - 3:00 PM

3:30 PM - 5:00 PM
Session: S-03A Changes in Salish Sea water quality and linkages to
benthic biotic assemblages
Room:

615/616/617

Chair:

Jude Apple

Date: 4/30/2014

3:30 PM - 5:00 PM

Coastal eutrophication, water quality, and delivery of pollutants to coastal waters have an
impact on benthic and near-bottom habitats of the Salish Sea. Environmental changes
related to these factors include shifts in nutrient ratios, decreases in dissolved oxygen
concentrations, increased delivery of organic matter, and the structure of benthic
macroinvertebrate, protozoan and microbial assemblages. This session invites
presentations that reveal benthic and near-bottom habitats while also exploring
underlying mechanisms and linkages to water column parameters. Priority will be given to
those presentations that highlight patterns that have emerged over extended temporal
scales, system-wide spatial scales, or through established monitoring programs.

112 Is hypoxia’s influence restricted to the deep? Evaluation of
nearshore community composition in Hood Canal, Washington, a
seasonally hypoxic estuary

Room:

615/616/617

Date:

4/30/2014

3:30 PM - 3:45 PM

Presenter: Halley Froehlich, University of Washington
Authors:

253 Assessment of recent benthic invertebrate community health
declines around a municipal wastewater outfall

Room:

Halley Froehlich, University of Washington; Timothy Essington, University of
Washington; Anne Beaudreau , University of Alaska, Fairbanks; Shannon
Hennessey, University of Washington; Phillip Levin, NOAA, Northwest
Fisheries Science Center

Abstract: Hypoxia [dissolved oxygen (DO) < 2 mg L-1] has been identified as a key threat to
the Puget Sound ecosystem, particularly in Hood Canal. Hood Canal is subject to seasonal
hypoxia in its southern reaches, and prior work has demonstrated avoidance patterns of
demersal species from the deep, offshore hypoxia-impacted waters. However, the nonlethal impact of low DO conditions on the nearshore community is not well understood,
despite its importance to the estuary (e.g., nursery habitat). We evaluated the nature and
extent of the sub-lethal influence of hypoxia on the nearshore community using
underwater video monitoring techniques. Within two regions of Hood Canal, a southern
highly impacted region and a northern reference region, we recorded weekly underwater
video of the benthos via transects at three depths (10, 20, 30m) to measure species
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Presenter: Chris Lowe, Capital Regional District

Donna Darm, NOAA Fisheries

Abstract: Natural resource managers are fond of saying we don't manage nature, we
manage people. Most often this management takes the form of advising people about the
consequences of their actions on the natural world, and how to make those actions less
harmful, or more beneficial. Sometimes we have economic information to help reduce
the economic impact of regulations or increase the benefit of investments. What we
seldom have is social science to help craft regulations, investments, incentives, or
outreach and education strategies that will successfully influence human activity. After
reviewing some examples of how NOAA Fisheries has used economic science to inform
decision-making, I’ll suggest examples where information from the social sciences might
also improve decision-making for west coast marine and anadromous resources.
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#

Authors:

Presenter: Donna Darm, NOAA Fisheries
Authors:

density and composition. Weekly monitoring of water quality revealed strong differences
in DO over time and space, with the vertical extent of low DO waters increasing markedly
at the end of summer in the south. While we were unable to detect acute shifts in
nearshore densities, the community composition was significantly different between the
two study regions; the south was primarily composed of hypoxia tolerant invertebrates
and fewer fish species compared to the north. Moreover, the tolerant invertebrates
displayed a three-fold increase in presence below a specific DO threshold (mean threshold
± SE = 3.95 mg L-1 ± 0.22), while the more sensitive species (e.g., fish) declined. Post-hoc
comparisons of our findings to long-term DO trends in Hood Canal revealed the potential
for a more persistent low DO state in the southern reaches. As a result, this study provides
further insight into the complex regional differences in community structure and potential
sensitivity of the nearshore community to other perturbations in Hood Canal.

Chris Lowe, Capital Regional District; Avrael Perreault, Capital Regional
District; Shirley Lyons, Capital Regional District

Abstract: The Capital Regional District (CRD) regularly monitors the effects of the region’s
eight municipal wastewater outfalls that discharge into the Salish Sea. Benthic
invertebrate community health assessments have been a component of the Macaulay
Point outfall monitoring program since the 1990s, with annual monitoring occurring from
2000 to 2012. Declines in benthic invertebrate community health were observed following
detailed statistical analyses of the 2008 to 2010 Macaulay Point dataset relative to the
2002 to 2007 time period when generally stable or improving community health conditions
were observed. Over the same time frame, no significant concurrent declines in sediment
or wastewater chemistry were observed. These apparently contradictory trends led CRD
staff to consult with various benthic invertebrate experts in the hopes of receiving
guidance on how to investigate potential causes of the declines. One of the early
hypothesized causes was increased volumes of Pacific Ocean waters containing low
concentrations of dissolved oxygen entering the deep waters of the Salish Sea. To
determine whether these low oxygen levels were impacting the Macaulay Point benthic
invertebrate communities, the CRD entered into a collaborative study with Ocean
Networks Canada to deploy fixed moorings with continuous dissolved oxygen sensors. In
addition, detailed assessments of the 2011 data have led to some questions about field
and laboratory procedures employed from year-to-year; methodological variations could
be confounding the CRD’s interpretation of the benthic invertebrate community health
declines. This presentation will provide an overview of findings to date of both the oxygen
monitoring and the field and laboratory method validations.

#

302 Rapid deterioration of sediment surface ecosystems in
Bellingham Bay as indicated by benthic foraminifera
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Date:
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4:00 PM - 4:15 PM

Presenter: Elizabeth Nesbitt, University of Washington
Authors:

Elizabeth Nesbitt, University of Washington; Ruth Martin, University of
Washington; Jude Apple, Western Washington University

Abstract: Benthic foraminifera, shelled protists, are valuable tools for monitoring
environmental conditions of the sediment surface in nearshore marine and estuarine to
marsh settings. This study analyzed 64 sediment samples from Bellingham Bay (June 1997,
2006 and 2010) and 18 samples from Boundary Bay, Birch Bay and Neptune Beach (June
2006 and 2010), provided by the Washington State Department of Ecology. Thirty five taxa
were identified, dominated by three calcareous and one agglutinate species. In Bellingham
Bay, benthic foraminiferal diversity and density deteriorated strikingly between 1996 and
2006, most notably in the middle of the bay. Many of these bay-center sites yielded no
foraminifera at all, and the situation did not improve in 2010. The samples from Boundary
Bay to Neptune Beach generally demonstrated higher diversity; however decreases in
both diversity and density are also recorded from 1996 to 2006. Correlations with six
metal contaminants and with total polycyclic aromatic hydrocarbons showed a negative
trend but R2 values are low. This corroborates the findings from benthic invertebrate
faunas from the same sites by Weakland et al. (2013). Bottom water dissolved oxygen
levels and pH data from the central part of Bellingham Bay indicate hypoxia and high levels
of acidification. We infer that either combinations of organic pollutants or eutrophication
have impacted the benthic biota.
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439 Characterizing changes in Puget Sound benthic infaunal
invertebrate assemblages: A functional approach
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Authors:

Valerie Partridge, Washington Department of Ecology; Maggie Dutch, WA
State Dept. of Ecology; Sandra Weakland, WA State Dept. of Ecology; Kathy
Welch, WA State Dept. of Ecology; Clifton Herrmann, WA State Dept. of
Ecology

Abstract: Puget Sound benthic infaunal invertebrate assemblages (benthos) have been
sampled and characterized for eight regions and six urban bays as part of the Puget Sound
Ecosystem Monitoring Program (PSEMP) since 1997. A suite of structural abundance and
diversity indices, and an overarching Benthic Index, have been applied to the benthos data
to illustrate and interpret community condition both spatially and temporally throughout
the Sound. In general, community composition varies between locations, and significant
declines in condition have been observed for most of the resampled study areas.
Relational analyses conducted on baseline data collected from 1997-1999 showed
correspondence between community structure, station depth, and the related variables of
sediment particle size and percent total organic carbon; however, no clear relationship
was seen between community structure and levels of toxic contaminants in the sediments.
To better understand the mechanisms driving community composition and its changes
over time, feeding guild and functional role classifications have been assigned to 1,589
benthic taxa and applied to all benthos data. All benthos data collected from 1997-2012
have been reexamined to recharacterize the regional and urban bay benthic assemblages
on a functional, rather than structural level. Relationships are examined between these
functional measures of benthic assemblages and their associated suite of physical and
chemical sediment measurements. Results will be discussed, along with a discussion of
other environmental measures which may affect benthos community composition,
including water column parameters, phytoplankton shifts, nutrient conditions, and
chemicals of concern not currently measured by the PSEMP.

#

494 Nutrient, oxygen and plankton dynamics in Bellingham Bay and
the connectivity between surface algal communities and bottom
water hypoxia.

Room:

615/616/617

Date:

4/30/2014

nitrogen comes on top of the already high background nitrogen level from the Pacific
Ocean upwelling. The result is very high phytoplankton productivity, most evident in the
more poorly flushed parts of the Sound. In many of these areas, nitrate concentrations
have increased 4-10 times over the last 10 years while eelgrass beds have declined, with
eelgrass losses seen at the deep edge where light is most limited. Nitrogen loading is by
no means the only stressor impacting eelgrass in the Sound. Sediment loading also shades
eelgrass and is derived from river input to the Sound and surface runoff that results from
watershed deforestation, agriculture, and impervious surfaces, in addition to the fine
sediment from glacial melting. There are a variety of additional direct physical impacts to
eelgrass, including aquaculture, shoreline hardening, dredging and filling, boating and
fishing practices, and overwater structures all contribute to direct physical impacts on
eelgrass and each was evaluated in terms of its spatial extent and type of threat. The
weight-of-evidence analysis shows that the nitrogen stressor has the broadest spatial
extent and most lethal impacts to eelgrass and is the primary stressor of eelgrass in Puget
Sound. The Puget Sound Partnership’s goal of a 20% increase in eelgrass area by 2020
cannot be achieved with existing management practices; the stresses on eelgrass must be
reduced to create gains in eelgrass area and insure the health of Puget Sound.

Session: S-03B

Washington fish consumption rate: one number,
hundreds of human health and environmental
managemernt decisions, millions of consumers

Room:

608/609

Chair:

Jamie Donatuto

Date: 4/30/2014

The objective of this session is to unpack and explore the complexity and issues underlying
the current fish consumption rate debate in Washington State. Presentations will examine
the science, history, applications in environmental management, human health policies
and regulatory standards, and potential effects of fish consumption rates to people and
the environment.
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115 Tribal Perspectives on Fish Consumption: The Long Hard Paddle
to Revised Water Quality Standards and an Accurate Fish
Consumption Rate

Presenter: Jude Apple, Western Washington University

Room:

Authors:

Presenter: Fran Wilshusen, NW Indian Fisheries Commission

Jude Apple, Western Washington University; Robin Kodner, Western
Washington University; Natasha Christman, University of Washington

Abstract: Coastal eutrophication and bottom water hypoxia are stressors in many coastal
and marine ecosystems, including the fjords and embayments of the Salish Sea. Recent
work by researchers at Western Washington University and Northwest Indian College has
identified a relatively large area (>10km2) of low dissolved oxygen (DO) in bottom waters
of Bellingham Bay (Bellingham, WA) that returns predictably each summer. Direct
measurements of water column respiration indicate that incoming oceanic deep water
exhibits moderate rates of oxygen consumption (~100ug O2/L/d), yet manipulative
experiments reveal that rates of respiration are carbon (rather than temperature) limited
and respond quickly to additions of organic matter. This observation was corroborated by
changes in bottom water respiration and DO in response to export of Pseudo nitzschia
from surface blooms. Our research reveals the coupling between algal productivity and
bottom water hypoxia, but also that this response is rapid and short lived. Further, we
found that low DO water masses in Bellingham Bay are highly dynamic and appear to
respond to upwelling events and high volumes of tidal flushing characteristic of many west
coast estuaries.
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656 Is Nitrogen a Major Stressor of Eelgrass (Zostera marina) in Puget
Sound?
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4/30/2014
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Authors:

608/609

Date:

4/30/2014

Abstract: Fish consumption rates, cancer risk rates, and other factors are part of the
human health criteria in water quality standards under the Clean Water Act. These
standards are set by states and tribes using EPA guidance, and are used to determine the
amount of pollutants that can be discharged into water bodies. Washington State’s rates
were set in the early 1990’s and assume a FCR of 6.5 grams per day, or one meal of fish
per month. This grossly underestimates the amount of fish consumed in tribal
communities, putting tribal people at a higher risk of exposure to toxic chemicals through
the fish consumption pathway. Tribes in Washington have been working for several years
to achieve water quality standards in Washington that will reflect what tribes and other
high fish consumers—such as Asian and Pacific Islander groups, actually eat and thereby
protect human health. The last two years of state processes to set the standards for both
toxic cleanup and water quality standards have been particularly controversial, due to
opposition to more stringent standards from business and industry. The Washington
Department of Ecology is scheduled to release new rules for human health criteria by the
end of March, 2014. Tribal reaction to the status and choices by the Department, and the
relation to data on tribal fish consumption, will be reviewed.

#

667 Exposed: Asking the Wrong Question in Environmental Regulation

Room:

Authors:

Presenter: Catherine A. O’Neill, Seattle University

Abstract: The deep, cold and well-flushed waters of Puget Sound, WA (USA) are
experiencing areas of eelgrass (Zostera marina L.) decline. Eelgrass faces anthropogenic
stresses ranging from eutrophication and sedimentation to shoreline hardening, ship
traffic, and aquaculture, which are currently being evaluated with a weight-of-evidence
analysis. Since 2000, the Washington State Department of Natural Resources’ Submerged
Vegetation Monitoring Program has assessed status and trends in eelgrass area and depth
distribution throughout Puget Sound. Over this same time period, WA Department of
Ecology has been monitoring nitrogen in the Sound’s waters; increasing concentrations of
nitrate have been measured, linked to anthropogenic sources. The human-derived
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Catherine A. O’Neill, Seattle University

Abstract: Environmental standards set a de facto ceiling on the safe ingestion of fish and
water, and on the healthful conduct of a host of other human behaviors. Under the Clean
Water Act (CWA), water quality standards are set using health- (i.e., risk-) based methods.
A risk assessment is premised upon certain assumptions about humans’ exposure to toxic
contaminants in their environment. Current exposure assessment methods take a
snapshot of people’s consumption of fish and other behaviors, as these are constrained by
a degraded present, i.e., when resources are contaminated and depleted. These methods
capture contemporary fish consumption at rates that are distorted by “suppression.” As
the National Environmental Justice Advisory Council has recognized, “[a] ‘suppression
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effect’ occurs when a fish consumption rate (FCR) for a given population, group, or tribe
reflects a current level of consumption that is artificially diminished from an appropriate
baseline level of consumption for that population, group, or tribe.” For tribes in the Pacific
Northwest, the forces of suppression have operated for decades and include inundation of
tribes’ fishing places; denial of access to harvest sites; depletion and contamination of the
fish resource; and the legacy effects of years of prosecution, intimidation, and gear
confiscation. As a consequence, contemporary surveys of tribal populations produce
FCRs that are artificially low compared to an appropriate, historical- or “heritage-” based
baseline – a baseline to which tribes in the United States also have treaty-secured and
other legal rights. Current exposure assessment methods effectively undermine tribes’
fishing rights. These methods also undercut the restorative goals of environmental
statutes such as the CWA, which were passed when our ecological systems were perhaps
at their most ravaged. These methods, moreover, subvert the health-based aims of these
statutes. And they subtly assimilate those whose lifeways place them among the most
exposed: they effectively present tribal members with the “choice” of conforming their
fish intake to current, suppressed levels or consuming fish at more appropriate levels – but
along with a stiff dose of toxic contaminants.
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208 Use of Pacific NW Fish Dietary Information for Sediment Cleanup
Decisions Under the SMS

Room:
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Presenter: Craig McCormack, WA Dept of Ecology
Authors:

Craig McCormack, Department of Ecology

Abstract: Tabulations are presented of Pacific NW fish dietary information to help support
sediment cleanup decisions to determine the sediment cleanup objectives (CSO) and
cleanup screening levels (CSL) for different aquatic environments. Background The
Department of Ecology’s fish consumption technical support documents and companion
documents (1-4) provide information that include multiple fish consumption rates and
ranges to better reflect the range in abundance of fish and shellfish species, diverse
habitats, and exposure scenarios typical of Washington State. The marine environments
of the Pacific Northwest offer an abundance of species of finfish and shellfish available for
harvest and consumption throughout the year. A selection of an estimate and a range
should take into account considerations of habitat quality, abundance, and current and
future conditions of aquatic environments that support fish and shellfish harvest and
consumption. For site-specific evaluations, the selection of a species group and the
corresponding upper percentile fish consumption estimate range or rate is a risk
management decision to be made in consultation with tribal representatives and the
respective tribal governments.
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533 Characterizing Seafood Risks and Benefits – Getting the Science
Right

Room:
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Date:

4/30/2014

4:15 PM - 4:30 PM

Presenter: Elaine Faustman, University of Washington
Authors:

Elaine Faustman, University of Washington

Abstract: Research to define and convey seafood risks and benefits, such as cultural
significance and nutritional value, is critical to making scientifically informed regulatory
decisions. Furthermore, life stage determinants and genomic factors can influence
susceptibility and alter the risks and benefits of seafood consumption. We have
collaborated on seafood consumption surveys among Asian-American women of
childbearing age, in particular Korean and Japanese populations, in the Puget Sound area.
This is a critical study to consider the overall dietary patterns in determining the benefits
and risks from seafood consumption to better understand potential impacts when fish
consumption advisories limiting ingestion are proposed. This research directly informs
how we should consider issuing fish advisories. Results show disproportionate seafood
benefits and ingestion rates, and emphasize the need for research details. For example
Korean populations consumed more shellfish than Japanese populations although the
consumption of finfish was approximately the same between two populations. A large
percentage of these populations did not consume recommended amounts of omega-3
fatty acids even though they consume seafood at a rate much higher than the U.S. average
population. Nutritional needs vary across life stage and by pregnancy status, but so do
toxicological impacts. When factored in with the role of individual genetic differences and
epigenetic determinants of health over time, one is not surprised to find that there is
much to consider when both defining and conveying the positive and negative aspects of
seafood. This work helps guide regulatory processes at the intersection of nutrition,
toxicology, and risk assessment.
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Presenter: Rory O'Rourke, Port Gamble S'Klallam Tribe
Authors:

Rory O'Rourke, Port Gamble S'Klallam Tribe

Abstract: Current Uses of the Fish Consumption Rate By Rory O’Rourke Environmental
Scientist, Port Gamble S’Klallam Tribe For the 2014 Salish Sea Ecosystem Conference
Session Title: “Washington Fish Consumption Rate: one number, hundreds of human
health and environmental management decisions, millions of consumers” The fish
consumption rate is a per-capita estimate of total daily finfish and shellfish from local
waters used to calculate the water quality standards. In Washington, tribal consumption
has been the main focus due to tribal members’ increased exposure to modern and legacy
pollutants through subsistence treaty harvest. While much effort has been made on
deriving an accurate and protective fish consumption rate, much of that work will not be
taken into account when determining cleanup standards since is often limited by policy
and practically by the detection limits and natural/regional background. These decisions
can substantially impact the selection and effectiveness of remedies. Any toxics reduction
is important to consider, even if the final standard is still above human health-risk levels
based on tribal exposure scenarios. While a state agency might consider one alternative
marginally beneficial, a tribal community might consider those same options to be a
dramatic improvement. Therefore, it is important to collaborate with the local community
in order to select remedies that address concerns related to designated uses and treaty
rights. In addition, state agencies should work with tribal communities to address what
further steps should be taken to reduce health risks when cleanup standards are still
above health-based standards. These issues will be presented in the context of the Port
Gamble S’Klallam community and the cleanup of Port Gamble Bay.

Session: S-03C

Risk and Consequences of Increasing Fossil Fuel Transport
in the Salish Sea
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691 Risks and consequences of increasing fossil fuel transport in the
Salish Sea
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Presenter: Stephanie Buffum, Friends of the San Juans
Authors:

Stephanie Buffum, Friends of the San Juans

Abstract: This special session is on the theme of energy and the Salish Sea. The oil and coal
export projects currently proposed for the region carry a range of impacts to the Salish
Sea marine environment and our global climate. This session will assess the changes in
type and quantity of fossil fuels being transported through the Salish Sea, and the
environmental and economic risks of new fossil fuel export projects proposed for the
region. Presenters will be invited to reflect on the political, economic, health and social
issues that are raised when individual projects are cumulatively reviewed at the Salish Sea
regional level. Presenters will discuss lessons that can be learned from and for
environmental assessment regimes on both sides of the border, as well as for
transboundary efforts that are underway to raise awareness of these combined risks
among decision-makers and members of the public.1. Overview of marine impacts of the
Salish Sea. Stephanie Buffum, Friends of the San Juans – Moderator. 2. Combined carbon
impacts of new fossil fuel projects proposed for the Salish Sea. Eric De Place, Sightline
Institute. 3. Vessel Traffic Risk Assessment: summary of results. Fred Felleman, Friends of
the Earth. 4. Fate and effects of types of oil transiting through the NW Straits: how it
behaves in a spill and how it affects the environment. Gary Shigenaka, NOAA. 5. Impacts
of underwater noise from increasing vessel traffic on orca. Scott Biers. 6. Building a crossborder movement to protect the Salish Sea from the risks of increasing fossil fuel
transport. Alexandra Woodsworth, Georgia Strait Alliance.

Session: S-03D Forage Fish Research and Protection in the Salish Sea
Room:

611/612

Chair:

Caroline Gibson

Date: 4/30/2014

3:30 PM - 5:00 PM

Pacific herring, surf smelt, sand lance, eulachon, and other schooling fishes in the Salish
Sea are important prey for fishes, seabirds, marine mammals, and a diversity of other
wildlife. This general assemblage of forage species, coined 'forage fish', has not yet
commanded public attention on par with iconic Northwest fauna, yet contributes
disproportionately to food webs through an upward transfer of biomass and energy.

592 Current Uses of the Fish Consumption Rate
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428 Estimating recreational harvest of surf smelt Hypomesus
pretiosus via a combined access point and roving creel count
design
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Presenter: Adam Lindquist, WA Dept of Fish and Wildlife
Authors:

Kurt Stick, WDFW; Dayv Lowry, WDFW; Adam Lindquist, WDFW

Abstract: Fisheries for surf smelt Hypomesus pretiosus in Washington State are currently
managed under the assumption that recreational harvest is roughly comparable to
commercial harvest on a Puget Sound-wide basis. This assumption may underestimate
total fishing pressure and harvest, leading to localized or Sound-wide depletion and
negative ecosystem impacts. Assessing recreational effort and harvest is complicated by
the lack of a licensing requirement for fishers, the fact that fishing occurs throughout the
year but tends to peak during locally specific time windows, and the ability of anglers to
engage in the fishery from private shorelines in addition to public access points (e.g., boat
ramps). In order to adequately estimate total recreational harvest a survey method must
be developed that accounts for spatiotemporally diverse harvest patterns over the
entirety of Puget Sound. This presentation will report the results of a pilot study that
combines access point and roving, boat-based creel survey techniques to sample a known
region of high recreational fishing pressure along the northern shore of Camano island,
Puget Sound, WA during the traditional fishing ‘season.’ In addition to providing an
estimate of harvest during this period in this location (4419 lbs), patterns of both fishing
effort and catch are described through time, in association with tidal and other
environmental variables, and compared between public access points and private
beaches. We find that, based on the site-specific estimate generated here, the capacity
for Sound-wide recreational harvest to exceed the assumed 100,000 lbs exists and that
additional monitoring is warranted. We conclude that by further optimizing sample size in
both time and space a logistically feasible design can be developed that will allow
estimation of recreational smelt harvest for the entirety of Puget Sound.
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648 Biocomplexity in Pacific herring (Clupea pallasii) of Puget Sound,
USA
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Margaret Siple, University of Washington; Tessa Francis, Puget Sound
Institute, UW-T; Daniel Schindler, University of Washington

Abstract: Small-scale genetic and demographic diversity can stabilize populations on a
larger scale. However, subpopulations of pelagic fish species can be difficult to distinguish.
Here, we examine demographic diversity in 21 stocks of Pacific herring (Clupea pallasii) in
Puget Sound, USA using a multivariate auto-regressive state-space (MARSS) model, and
data from both acoustic surveys paired with trawls, and subtidal egg surveys to estimate
population growth trends. Herring populations associated with individual spawning
beaches are asynchronous, but share a common negative growth rate across the Puget
Sound estuary. We found that both survey techniques observe the same underlying
demographic processes, and that egg surveys are a more accurate estimator of total
spawning biomass. We used states obtained from MARSS analysis to measure portfolio
effects in Puget Sound herring, and found that the Puget Sound population as a whole is
stabilized by the presence of several separate spawning subpopulations. Available
environmental data was not sufficient to explain variations in spawning biomass; however,
herring may respond to spawning site conditions that aren’t currently measured.
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446 Addressing the Data Gap for Intertidal Forage Fish Spawning
Habitat in British Columbia
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Abstract: Cited as the cornerstone of many marine food webs, forage fish connect
zooplankton to a host of secondary predators, from seabirds, fish and marine mammals.
Nearshore spawning forage fishes such as surf smelt (Hypomesus pretiosus) and Pacific
sand lance (Ammodytes hexapterus) use certain intertidal sandy-gravel beaches for spawn
deposition/incubation, high on shorelines near the log line. Due to the lack of Canadian
government surveys, no data on the spawning ecology of surf smelt and Pacific sand lance
were available for the Canadian west coast. In British Columbia, effective coastal
nearshore planning is hindered by the lack of information on the spatial and temporal
spawning distribution of surf smelt and Pacific sand lance. Field studies to address these
data gaps are important for effective planning and marine ecosystem management
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throughout British Columbia. The BC Shore Spawners Alliance (BCSSA), a citizens science
project of Sea Watch Society BC, has been conducting field studies to address these data
gaps to improve marine ecosystem conservation in British Columbia. Our assumptions
about surf smelt and Pacific sand lance spawning habitats are generally extrapolated from
Puget Sound research findings. The BC coast line presents some different shoreline
features that can expand our understanding of surf smelt and sand lance spawning
habitat. I will present some results of the successful seven years of research in southern
British Columbia into surf smelt and Pacific sand lance spawning, including the first
spawning season data for the Province, intertidal spawning distribution and habitat
attributes. I will also present the public information GIS atlas developed through a
partnership of the BCSSA and Fisheries and Oceans Canada, and a Forage Fish Habitat
Assessment Tool. I will also present examples of surf smelt and Oolichan (Thaleichthys
pacificus) habitat restoration projects in the Lower Mainland region of southern British
Columbia. I will also discuss challenges faced in protecting these habitats due to changes
in the Canadian Fisheries Act and resulting policies.
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177 Fish and Zooplankton Distributions in a Seasonally Hypoxic Fjord

Room:

611/612

Date:

4/30/2014

4:15 PM - 4:30 PM

Presenter: Mei Sato, University of Washington
Authors:

Mei Sato, University of Washington; John Horne, University of Washington;
Sandra Parker-Stetter, University of Washington

Abstract: Hypoxia has been identified as a major threat to marine ecosystem health in the
world’s coastal waters including Puget Sound. This study is evaluating the potential effects
of hypoxia on fish and zooplankton distributions in Hood Canal, WA, using multifrequency
acoustics and net sampling. Field surveys were conducted monthly from June to October
in 2012 and 2013 to characterize pre-, during, and post-hypoxia nekton distributions at
four sites along the Canal. Using the repeated samplings and high-resolution survey data,
we are examining how seasonal and inter-annual difference in the timing and intensity of
hypoxia affects distributions of predators (primarily Pacific herring and Pacific hake) and
prey (primarily copepods and euphausiids). Depth of the zooplankton backscatter layer
changed seasonally with hypoxia intensity. Toward late-summer, the daytime zooplankton
layer was closer to the surface, increasing the vertical separation between zooplankton
and fish. In spite of low oxygen levels in late-summer, fish remained in low-oxygen regions
of Hood Canal. This suggests a decrease in energy flow toward higher trophic level during
hypoxia.
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224 PACIFIC HERRING SPAWNS PROVIDE TEMPORAL SUBSIDIES TO
NEARSHORE ECOSYSTEMS
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Abstract: Pacific herring (Clupea pallasi), low trophic level fish at the base of many pelagic
food webs, are integral to coastal social-ecological systems in North America. This
migratory species provides a temporal subsidy to coastal systems by moving from offshore
to nearshore waters for annual spawning events. Spawning migrations support
subsistence and commercial fisheries, and provide an ecological pulse in prey availability.
In coastal British Columbia, we quantified changes in rockfish (Sebastes maliger and
caurinus) diet composition surrounding spawn events to understand the temporal
importance of this subsidy. We found that the percentage of fish in rockfish diets switched
from 30% fish tissue pre spawn to 34% herring roe post spawn, and that this shift peaked
at 2-3 weeks post spawn events. This dietary change is most pronounced in females,
where herring roe accounted for an average of 29% of stomach contents through the
month following a spawn event. This may be due to differences in energy requirements for
gravid females. Stable isotope concentrations of fish tissues (muscle, heart, liver, gonads)
also showed evidence of herring nutrient assimilation. Determining these ecosystem-level
associations is key to understanding both the social and ecological consequences of
herring spawn declines.
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297 Quantitative Assessment of Intertidal Forage Fish Embryos
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Abstract: Most investigations of intertidal forage fish reproduction have been qualitative,
useful for documenting spatio-temporal spawning distributions. Quantitative methods for
assessing trends in egg abundance are lacking, however. We began a study at Naval
Magazine Indian Island during 2011 to develop a standardized sampling protocol to
establish annual indices of surf smelt (Hypomesus pretiosus) and Pacific sand lance
(Ammodytes hexapterus) spawning success. A stainless steel quadrat frame was used to
remove substrate samples from transects at random points in the +5 to +10 foot tidal
elevation range. Samples were later placed in an inverted plastic cone and water pumped
upwards (i.e. elutriation) to separate eggs and larvae (hereafter referred to as embryos;
EMB) from substrate particles. During the 2011-2012 sample period (Year 1; OctoberMarch) we collected approximately 225,000 smelt (mean CPUE, 387 EMB/ft2) and 230,000
sand lance (mean CPUE, 111 EMB/ft2). Catch rates increased during Year 2 (SeptemberApril); we collected an estimated 207,000 smelt (mean CPUE, 524 EMB/ft2) and 346,000
sand lance (mean CPUE, 878 EMB/ft2). During Year 1, both smelt (3,731 EMB/ft2) and
sand lance (1,823 EMB/ft2) CPUE peaked in November. During Year 2, smelt CPUE peaked
in September (3,675 EMB/ft2) and sand lance CPUE peaked in November (4,615 EMB/ft2).
Natural mortality of embryos (expressed as the percentage of dead eggs of total catch)
appeared much higher for smelt (21% in Year 1, 33% in Year 2) than for sand lance (3% in
Year 1, 6% in Year 2). Results from Year 1 indicated moon phase as a potential spawning
cue as most young eggs (1/2 coil stage or younger) of both species were captured when
the moon was 30% full or less. Similar results were observed in Year 2 with most young
eggs of both species occurring when the moon was 40% full or less. The methodologies
developed for this study show promise in providing quantitative indices of forage fish
spawning success. We are collaborating with the Washington Department of Fish and
Wildlife to increase the precision of quantitative indices. Such indices can provide
valuable baseline data to evaluate habitat restoration projects, such as bulkhead removals
and causeway alterations, in Admiralty Inlet and elsewhere and to monitor the overall
population trends of two important prey species.
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Kelp Restoration: Grass roots efforts to map and restore
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Abstract: In 2013, the Puget Sound Restoration Fund (PSRF) set in motion a new program
called Kelp Watch. The project aims to 1) get people excited about kelp’s role in providing
nearshore habitat structure for juvenile salmon and countless other organisms, and 2)
highlight the historical significance of kelp around Bainbridge Island. People are
encouraged to keep an eye out for kelp growing along the shore and to recollect where it
grew previously so we can create a comprehensive model of kelp trends around the island.
Ideally, we can follow this by working with neighborhood groups to begin restoration
projects in areas around Bainbridge Island where Bull kelp once thrived. Participants in
the program volunteer their time to simply take note of canopy kelp presence in areas
near where they live. With future support, PSRF plans to use the Kelp Watch program to
provide simple assessment tools that this community can use to qualify and quantify
canopy kelp observations.
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198 Nearshore habitat surveys in the Northwest Straits
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379 Experimental canopy kelp enhancement in Puget Sound
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Authors:
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Abstract: An interesting dichotomy exists for canopy kelp habitat (Bull kelp, Nereocystis
luetkeana) in Washington State. Canopy kelp beds on the coast, Strait of Juan de Fuca are
understood to persist in abundance while within Puget Sound major declines in floating
canopy kelp have been documented. Losses in Puget Sound and elsewhere have captured
the interest of restoration practitioners working to re-establish imperiled marine species
and habitats. The consequences of these declines are not limited to the direct effects on
kelp populations, but also to the many species that utilize this habitat. The Puget Sound
Restoration Fund is actively working to develop enhancement practices that will restore
natural recruitment of Nereocystis to discrete locations and, through scaled or repeated
treatments, facilitate the persistence of re-introduced canopy kelp to historic areas.
Recent work includes experimental outplants at historic kelp sites in Puget Sound. Kelp
propagation and cultivation methods are well described, but enhancements intended for
restoration impose special constraints to otherwise straight-forward algae production.
This talk will focus on the status of that research to develop successful enhancement
practices for this habitat form.
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381 Kelp Watch: kelp bed monitoring by Bainbridge Island residence

Room:

#

3:30 PM - 5:00 PM

Concerns over floating kelp bed losses are increasing in the Salish Sea. This session
focuses on the techniques and findings of ongoing assessment and monitoring efforts led
by local citizens and non-governmental organizations, and their distinct approaches to
leveraging local partnerships and available resources.

#

or small boat-based survey protocol for bull kelp, the predominant floating species in
Puget Sound. Kelp is critical habitat, warranting protection via Critical Area Ordinances,
Shoreline Master Plan updates, and new NOAA Fisheries provisions for endangered
rockfish – processes in which MRCs are engaged. The Northwest Straits Initiative is
premised on local marine stewardship by trained volunteers, who lend an array of
expertise and perspectives. Projects are inexpensive and highly collaborative – vital
characteristics for success. We work with academic, tribal, government agency, and nonprofit partners to ensure that accurate information is made available for marine resources
protection and restoration efforts.

114 Bull kelp mapping and replanting on Gabriola Island: The role of
citizen-science
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Abstract: On Gabriola Island, British Columbia, a group of community volunteers have
focused their efforts to map and replant Bull Kelp. Help The Kelp has tried three
approaches for replanting with varying degrees of success. In the winter of 2009 the
group coordinated with the Nile Creek Enhancement Society in Bowser to try an untested
protocol. Pre-drilled rocks were dropped overboard in a defined area and short pieces of
rope were looped through holes with line that was inoculated with immature Bull Kelp
growing on it. There was a small but not measurable increase in Bull Kelp in following
years, but this approach failed to produce dramatic or verifiable results. In January of
2011 a more traditional approach often used by commercial kelp farmers was adopted.
Two 30m long lines were placed near the bottom of the ocean and secured onto rocks
with floats spread across their length to keep them off the bottom. Inoculated line was
then wrapped around these ropes. Unfortunately this experiment did not work, and
several other varieties of kelp common to the area colonized the rope. Team members
mapped the entire island’s canopy over the summer of 2013. This was based on an
approach pioneered by the Mayne Island Conservancy Society. With our new map, Help
The Kelp will be able to assess future changes in canopy coverage, and can assess the
impact of interventions. In the fall of 2013 we pioneered and deployed another new
approach that involved working with Bull Kelp at an earlier stage in its lifecycle. Mature
sori from densely populated areas were harvested, dried temporarily, and then stuffed
into pre-drilled carboys. We should know by late spring or early summer of 2014 if this
densification approach works. Help The Kelp is attempting to develop simple, costeffective approaches and best practices for rebuilding kelp canopies, and hopes that other
communities will learn from our work.

Caroline Gibson, Northwest Straits Commission

Abstract: Nearshore habitat protection is a primary objective of the Northwest Straits
Initiative, and the focus of citizen science and educational outreach by our Marine
Resources Committees (MRC) in seven counties. The MRCs have a long track record of
eelgrass surveying and protection. A new project launching in 2014 will support the
protection and recovery of canopy-forming kelp in areas where there has not yet been a
systematic effort to survey and map local populations. Our initial emphasis will be to work
with MRC volunteers in Jefferson, Island, and Snohomish counties to develop a beach and/
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Abstract: Bull kelp, Nereocystis luetkeana, has declined sharply in recent decades in
central Strait of Georgia (Salish Sea) due to factors that are not well understood. The Nile
Creek Enhancement Society started a project in 2011 to study local ocean conditions at a
natural kelp bed (south Denman I.) and at a restoration site (Maude Reef, Hornby I.)
where culture techniques are being applied to re-establish bull kelp. The project was
funded by Pacific Salmon Foundation initially, with volunteer involvement from Hornby
Island Diving, support from Conservancy Hornby Island, and collaboration with Bamfield
Marine Sciences Centre, Vancouver Island University Deep Bay Station and the Save the
Kelp project of Gabriola Island. A kelp culture grid was installed at Maude Reef and two
years of work on kelp growout and monitoring of the restoration site in comparison with
the natural kelp bed has been completed. Diver observations and results of temperature
and light intensity measurements at two depths at each site will be presented and
discussed.
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187 Kelp Bed Expansion at Edmonds Underwater Park
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Abstract: Edmonds Underwater Park in Puget Sound just north of the Edmonds Ferry
Terminal contains extensive bull kelp (Nereocystist sp.) bed in the north east corner. Kelp
grows on a natural gravelly substrate but most of the Park has a sand bottom. Kelp also
grows on some of the artificial structures placed in the Park but not in a dense pattern like
in the northeast corner. Beginning in 1999 we began a series of efforts to encourage the
kelp to grow farther south in the Park. We have employed two basic techniques: an Oasis
approach and a Linear approach. We started with the Oasis approach creating
rock/concrete mounds, cairns, to scope out suitable sites. Once we had a positive
response from the Oasis effort we could ramp things up. We then tried our hand at Linear
structures following depth contours from rock / concrete rubble to extend the kelp
pattern. Our success has been using native rocks as well as recycled ones from prior
features and infrastructure to support our continued progress. Diver surveys of the
existing kelp bed and the areas deeper and in each direction along shore were made to
explore what options might be available. We began with three Oasis features: The Zig-Zag,
a 70 foot long split rail fence shaped structure (1999); The Erratics, 15 cairns in a 20 foot
grid pattern (2003-5); Matt’s Place which is a series of cairns placed on foundation pieces
to help reduce material subsidence (2009-12). These were followed up with a low New
England styled rock wall which stretches 500 feet following the – 12 foot (MLLW) contour
(still in progress). We have started efforts to connect the rock wall with the Erratics with
additional cairns. To support this effort we have placed two diver trails along the bottom;
Glacier Way which is about 1,000 feet and Rocky Road which is about 750 feet long to
assist with construction and follow-on assessment. The trails were located to avoid
running through eel grass beds closer to shore. The proof has been in the kelp’s favorable
response to the rock wall and Matt’s Place. We had a scattered response to the Oasis
approach at the other sites with kelp growth but not annually. The rockfish seem to be
enjoying the cairns and the lingcod have used them as nesting sites over the years. The
red algae (for example Chondracanthus sp. Turkish Towel and Cryptopleura sp. Hidden
Rib) enjoy the block and rope trails masking it from sight with lush growth late in the
season. The only down side to the success is the continued presence of the warty kelp
condition (a Streblonema-like endophyte) seems to persist consistently in the Park. This
effort has been supported seasonally by the Edmonds Underwater Park Volunteers with
cooperation from the City of Edmonds.

Stanford University; Mary Ruckelshaus, Natural Capital Project, Stanford
University
Abstract: Eelgrass beds provide valuable refuge, foraging, and spawning habitat for many
marine species, including valued species such as Pacific salmon (Oncorhynchus spp.),
Pacific herring (Clupea pallasi), and Dungeness crab (Metacarcinus magister). We used
dynamic simulations in a food web model of central Puget Sound, Washington, developed
in the Ecopath with Ecosim software, to examine how the marine community may respond
to changes in coverage of native eelgrass (Zostera marina), and how these modeled
responses can be assessed using an ecosystem services framework, expressing these
services with economic currencies in some cases and biological proxies in others.
Increased eelgrass coverage was most associated with increases in commercial and
recreational fishing with some small decreases in one non-market activity, bird watching.
When we considered ecosystem service categories that are aggregations of individual
groups of species, we saw little evidence of strong tradeoffs among marine resources; that
is, increasing eelgrass coverage was essentially either positive or neutral for all services we
examined, although we did not examine terrestrial activities (e.g., land use) that affect
eelgrass coverage. Within particular service categories, however, we found cases where
the responses to changes in eelgrass of individual groups of species that provide the same
type of ecosystem service differed both in the magnitude and direction of change. This
emphasizes the care that should be taken in combining multiple examples of a particular
type of ecosystem service into an aggregate measure of that service.
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Abstract: Carbon valuation of aquatic ecosystems is an important tool that can both
mitigate for and adapt to climate change. Estuary ecosystems play an important role in
climate change as well as watershed and community health, and are located where coastal
communities thrive. Of the many important functions of estuaries are the cycling and
sequestration of carbon in sediments. A staggering 55% of all living carbon is cycled in the
ocean and 50- 70% of that is stored via estuary vegetation and sediments. Despite this,
estuary habitats have only recently been explored as an option for carbon offsets in British
Columbia. Crucial to the development of a carbon offset system that uses eelgrass and salt
marsh conservation and restoration is the Comox Valley Project Watershed Society
(“Project Watershed”). Project Watershed is a non-profit group on Vancouver Island that
is applying a scientific approach combined with volunteer resources to collect carbon data
in the eelgrass and saltmarsh habitats of the K’omoks Estuary. This data will contribute to
carbon offset models that will form the framework for a province-wide Blue Carbon
Protocol. To accomplish this, Project Watershed has gained the support of the Province of
BC and Vancouver Island University through a Memorandum of Understanding. Together
this partnership will work towards the restoration and conservation of these important
ecosystems and the values they provide, while ensuring communities benefit through
education opportunities and climate change adaptation.
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345 Developing a model to assess ecological function in the nearshore
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The range of habitats in the nearshore– marine riparian, intertidal wetland, intertidal nonwetland, and subtidal habitat contribute to the health of Puget Sound. This session will
explore the development of nearshore rapid assessment models with stakeholder groups
and their application for long-term shoreline management and restoration.
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Abstract: The Naval Facilities Engineering Command (NAVFAC), the U.S. Army Corps of
Engineers, and stakeholders have developed an In-Lieu Fee approach for built projects in
the Hood Canal of Puget Sound in Washington State to address appropriate mitigation and
regional restoration needs. As part of this process, it became apparent that there were no
accepted methods for assessing the functional loss associated with built projects or the
functional gain associated with restoration projects in the nearshore environment for
Puget Sound. The nearshore includes marine riparian, tidal wetlands, tidal non-wetlands,
and subtidal habitats. To fill this need a rapid assessment model is being developed by a
core science team of regional experts through literature review, iterative stakeholder
input, and an independent peer review process. The model evaluates 14 Valued
Ecosystem Components based on answering 74 questions in the model dataform.
Stakeholders involved in the process include state and federal agencies, Tribes, local
agencies, and non-government organizations. The model was developed with the
intention that an experienced ecologist could apply this tool with a day or two of training,
a day of desktop GIS analysis, and for most sites, one day in the field and a day of data
analysis. The model will be field calibrated and verified during the spring/summer of
2013, and a similar iterative process of review will be conducted with stakeholders and the
independent peer reviewers. Several lessons learned from this 18 month effort are
applicable to developing other rapid assessment models. The greatest challenge was to
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develop an accessible rapid assessment model, based on a strong science foundation,
which did not oversimplify the complex ecology of the nearshore.
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89 Investing in Watershed Services: From Valuation to Funding
Mechanisms
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Abstract: Before the Westward Expansion and colonization of what is now Washington
State, the Tulalip Tribes had a fully sustainable economy in harmony with the healthy
ecosystems of the Snohomish Basin. However, European settlement greatly harmed the
Tribes’ people, as well as the lands and resources upon which they depended. A century
has passed since natural resources like salmon and forests were abundant. Today, Chinook
and other salmon populations have declined near the threat of extinction. To increase the
remaining populations of salmon will require more habitat, restoration of hydrology that is
compatible with salmon biology, and a climate conducive to salmon abundance. Decisionmakers face the obstacle of allocating limited resources to mitigate further environmental
damage while resolving conflicting jurisdictional interests related to resource
management. Disagreements regarding assessment criteria, coupled with the delay of
critical policy decisions, induce paralyzing costs and exhaust time. (Please see attachment
for full abstract)
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674 Nature’s Values in Clallam County: Policy Implications of the
Economic Benefits of Feeder Bluffs and 12 Other Ecosystems
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Abstract: Clallam County, in the northwestern most region of Washington State, has some
of the most beautiful, diverse, and productive working and natural landscapes in the
country. Of the 2,670 square miles in Clallam County, 931 square miles of shorelines
feature salmon-spawning streams, dramatic sea stacks, beaches, and towering coastal
cliffs called feeder bluffs. Coastline ecosystems are extremely vulnerable to the impacts of
increasing development and climate change, such as sea level rise, and ocean acidification.
Clallam County is currently faced with increased bluff erosion and a fragmented shoreline,
threatening key ecosystems that support economic activity. In order to understand the
real economic costs of damaged natural systems in decision and policy-making, it is
increasingly common to consider ecosystems as economic assets. Two types of natural
capital valuation were used to assess the economic value of Clallam’s natural systems.
First, using biophysical data we calculated the economic value of nearshore processes,
including sediment provided by feeder bluffs to beaches downstream. Second, a full
natural capital appraisal valued all ecosystem services found across all Clallam County’s
land cover types. Economic valuation can inform policy development and
implementation, such as Shoreline Master Planning. The ecosystem service values
provided in this study are defensible and applicable to decision-making at every
jurisdictional level. Recent heavy storm surges such as those experienced along the
eastern seaboard in September 2012, and the threat of climate change, have focused
attention on the delicate state of the shoreline in Washington. Because bluff erosion is a
natural and dominant feature along exposed shorelines, landowners are concerned not
only about environmental degradation due to increased development but also about the
safety and value of their homes along the coast. Many property owners have lost acres of
land due to natural erosion and struggle with very expensive installation and maintenance
costs of the very bulkheads and seawalls that are increasing erosion of their neighbor’s
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169 Using Science-Based Landscape Level Nearshore Assessments to
Implement Long-Term Restoration Goals
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Abstract: Kitsap County’s Department of Community Development is actively participating
in the development and use of several science-based nearshore assessments and tools.
The integration of local knowledge and regional expertise has led to models that provide
the tools needed to make systematic and informed restoration and protection decisions.
One example is the County’s Nearshore Assessment (Battelle, 2009). County staff was
involved in selecting functional indicators to ecosystem health and in collecting the field
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inventory. The result of this collaboration was a useable document in which County and
other management programs use with a high level of confidence and understanding for
shoreline planning and permitting. It has been used for: the identification and ranking of
salmon recovery projects in two Lead Entities; locating nearshore culvert, piling, and
debris removal projects; the technical basis for the Shoreline Master Program update; and
helping to identify roster sites for the Hood Canal In-Lieu Fee Mitigation Program. Another
example is the Sediment Source Analysis (Gerstel, 2012). This model provided a Countywide sediment-source rating by drift cell and nearshore reach. The County integrated it
with biological and habitat indicators, a structure risk assessment, and results of a targeted
landowner restoration interest survey. Together, these helped identify the best locations
for bulkhead removal with both public and private willing landowners. As a result,
multiple restoration projects are underway. These science-based assessments and tools
are helping Kitsap County and other shoreline restoration practitioners to strategically
prioritize and invest limited resources. In addition, these tools increase regulatory
effectiveness by identifying areas for protection, and providing permit staff and applicants
with more accurate information on which to make decisions, including where to locate the
most effective mitigation.

Session: S-03G Ecosystem Services and Impacts of Sediment for Salish
Sea Recovery
Room:
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Chair:

Eric Grossman

Date: 4/30/2014

3:30 PM - 5:00 PM

Sediment is a principal driver in shaping habitats, transporting contaminants, and causing
significant flood disturbance. Improving our quantitative understanding of sediment
dynamics and ecosystem interactions would greatly advance the efficacy of resilient
ecosystem restoration across the Salish Sea. Fluvial sediment impacts across North
America already cause billions of dollars in damage annually and projected climate and
sea-level rise in the Pacific Northwest are expected to complicate efforts to protect
communities from river and coastal flooding while maintain important ecosystem
functions and municipal infrastructure including water supply systems and agricultural
drainage. The complex sediment-transport regimes require knowledge of the functioning
sediment system in addition to comprehensive models and decision-support tools to
navigate the challenges that communities face when balancing infrastructure needs
against protecting natural processes that promote ecosystem productivity. This session
will summarize existing quantitative knowledge of sediment dynamics and transport
affecting ecosystem restoration targets and the climate-change impact pathways
projected to influence sediment dynamics in the coming decades. The session will also
explore emerging efforts to model impacts of changing system conditions, evaluate
restoration solutions in the context of changing sediment dynamics, and evaluate
decision-support tools to help resource managers engage communities for solutions.
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686 Sediment loads along Puget Sound rivers: Implications for
ecosystem health
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Abstract: Washington State rivers carry about 6 million tonnes of inorganic sediment to
Puget Sound each year. This load of gravels, sands, and fines provides beneficial material
to river channels, floodplains, deltas, and sea beds. However, sediment can also
detrimentally affect ecosystems in the greater Puget Sound watershed. For example, the
Puyallup River network, which drains glaciated Mount Rainier volcano, carries about 1
million tonnes of sediment to Puget Sound each year while supporting important runs of
steelhead, Chinook, coho, and pink salmon. Significant 20th century river management
and development in the floodplain reduced aquatic habitat available to salmon. Acute
sedimentation in certain river reaches, coupled with endangered species issues, now
creates challenges for flood-risk management professionals tasked with protecting both
the Puyallup River ecosystem and people and industries within the floodplain. Recent
USGS research identified reaches of aggradation, sources of sediment, and temporal
patterns of sediment delivery. Though the Puyallup River carries most of its sediment load
during winter floods, significant sediment loads also occur during warm summer days
when snowmelt or glacier melt produce pronounced spikes in suspended-sediment
concentration. Similar sediment-monitoring and geomorphic research in the Elwha River is
illustrating river response for river conditions of extreme surplus sediment. Comparative
analysis of the Puyallup and Elwha Rivers enable insight into geomorphic response to
heavy sediment loads of Pacific Northwest mountainous rivers. Throughout Puget Sound,
improved understanding of the temporal and spatial dynamics of fluvial sediment will
foster better strategies to manage sediment and impacts to ecosystems and people.
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501 Marsh Sediment Retention in the Sediment-Rich Skagit and
Sediment-Deficient Nisqually River Deltas

Room:

6E

Date:

4/30/2014

3:45 PM - 4:00 PM

Presenter: Eric Grossman, US Geological Survey
Authors:

Eric Grossman, U.S. Geological Survey; Christopher Curran, U.S. Geological
Survey; Stephen Rubin, USGS

Abstract: An integrated modeling and monitoring study of sediment routing through the
Skagit and Nisqually River Deltas reveals that tidal marshes in both systems are highly
vulnerable to impending sea level rise. Despite significant differences in fluvial sediment
loading, transport dynamics, and the influence of waves and nearshore processes that
determine the amount of sediment that is retained within the intertidal delta, sediment is
largely routed away from marshes to offshore, deeper environments or lacking
connectivity to marshes, both because of land use. Sediment is vital to construct coastal
land topography of sufficient surface elevation to facilitate formation of tidal channels,
marshes, and riparian-covered berms which are critical to salmon recovery goals.
Sediment has pronounced influence on seagrass habitat, juvenile chinook nearshore
rearing and residency patterns, and benthic invertebrate food prey resources. Interestingly
both the Skagit (high sediment load) and the Nisqually (low sediment load due to sediment
trapping by Lake Alder) share similar processes that limit tidal marsh accretion, channel
development and nearshore function. Historical disconnection of these rivers from their
floodplains and distributaries has led to significant sediment export offshore to deeper
habitats and reduced connectivity to marshes important to salmon recovery. This
presentation will summarize research and modeling results on sediment budgets,
retention, and transport pathways and their influence on salmon and estuary restoration
objectives today and under a range of scenarios of projected future sea level rise and
sediment delivery related to climate change.

#

685 Using numerical models to estimate the impact of run-of-river
dams on bed load transport processes and channel bed evolution
in British Columbia

Room:

6E

Date:

4/30/2014

4:00 PM - 4:15 PM

Presenter: Theodore Fuller,
Authors:

485 Sediment processes on the Fraser Delta

Room:

6E

Date:

4/30/2014

4:15 PM - 4:30 PM

Presenter: Gwyn Lintern, Geological Survey of Canada
Authors:

#

167 Three birds with one stone: Tidal wetland restoration, carbon
sequestration, and enhancing resilience to rising sea levels in the
Snohomish River Estuary, Washington

Room:

6E

Date:

4/30/2014

4:30 PM - 4:45 PM

Presenter: John Rybczyk, Western Washington University
Authors:

John Rybczyk, Western Washington University; Steve Crooks, . Environmental
Science Associates; Danielle Devier, . Environmental Science Associates; Steve
Emmett Mattox, Restore America's Estuaries; nathan Moore, Western
Washington University; Keeley O'Connell, Earth Corps; katrina Poppe, Western
Washington University; Nelson Salisbury, Earth Corps

Abstract: Recent attention has focused on exploring the carbon storage and sequestration
values of tidal wetlands to mitigate greenhouse gas emissions. Efforts are now underway
to develop the tools and refine the science needed to bring carbon markets to bear on
tidal wetland restoration activities. Effective restoration not only maximizes carbon
storage in former tidal wetlands but also, through the accumulation of organic and mineral
matter, enhances these systems’ resilience to rising sea levels. To this end, this project
focuses on the Snohomish River estuary of the Puget Sound, Washington, which offers a
continuum of diked and un-diked wetlands including seasonal floodplains, open mudflats,
mature and tidal forests, and salt marsh habitats. In addition, there is strong restoration
potential in a suite of ongoing and proposed projects. We report here on the carbon
storage pools, long-term sediment accretion rates (100 years), and estimated rates of
carbon storage, derived from sediment cores collected at representative sites within the
Snohomish estuary during the spring and summer of 2013. We found that natural
wetlands (open to tidal exchange and riverine inputs) were accreting at rates that equaled
or exceeded current rates of eustatic sea level rise, while formerly, or currently diked
wetlands (closed to such exchanges and inputs) revealed marked evidence of subsidence.
Restored sites showed evidence of both high rates of sediment accretion (1.61 cm/year)
and carbon storage (352 g C/m2/year).

Theodore Fuller (presenter) and Jeremy Venditti

Abstract: Using a 1-D morphodynamic model as our primary tool, we are investigating the
potential impact of run-of-river dams on sediment transport processes and channel bed
evolution. The model is used to predict the grain size distribution of sediment exposed at
the surface and in transport as well as the bulk transport rate. The model can predict these
quantities as a function of space and time in response to dam closure. Initially the model
will be applied to the reach downstream of the powerhouse where the channel hydrology
is largely unaltered. Given the geomorphic variability of run-of-river sites in British
Columbia, and the variability in operating procedures among the sites, we will model
several different sediment supply reduction scenarios (e.g. temporary reduction, sediment
pulse scenarios, total elimination). In order to ground the model in reality, we will use field
data collected from proposed project sites in British Columbia as inputs to the numerical
model. Our goal is to provide general predictions that can be used to estimate long-term
cumulative impacts of run-of-river projects on channel morphology and channel bed
characteristics. Ultimately, our model predictions will be incorporated into a decision
support tool designed to help minimize trade-offs between the economics of project
development and the sustainability of aquatic ecosystems in British Columbia.

#

enough to lift the 1-tonne platform off the seabed and send it tumbling, all the time
measuring rarely measured properties of the turbidity currents. These turbidity currents
would remove sediment and presumably contaminants to deep water in the Salish Sea
(though we are not measuring contaminants directly). In this presentation, we show
highlights of our measurements on the modes of sediment transport on the Fraser Delta.

Gwyn Lintern, Geological Survey of Canada; Philip Hill, Geological Survey of
Canada; Cooper Stacey, Geological Survey of Canada

Abstract: Sediment processes on the Fraser Delta, British Columbia, are being observed
using a real time scientific ocean network maintained and operated by Ocean Networks
Canada and the Geological Survey of Canada. The instruments have detected many
features of sediment transport including plume settling characteristics, deposition rates,
conditions for tidal resuspension and transport. This information would be useful for the
understanding of remobilization and transport of contaminants from the Fraser River.
Among the key findings, settling rates might be faster than stokes settling alone would
account for, and annual bed-building deposition is interrupted by massive erosion events
at certain tides. In addition to the transport modes above, the instruments have
registered several turbidity current events, and in at least two cases these were strong
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500 Seahurst Park Ecosystem Restoration: Green Infrastructure
Components

Room:

6E

Date:

4/30/2014

4:45 PM - 5:00 PM

Presenter: Peter Hummel, Anchor QEA
Authors:

Peter Hummel, AnchorQEA

Abstract: At over ¾ of a mile long, the Seahurst Park Ecosystem Restoration Project
(Project) is the largest armor removal and soft shore restoration project on Puget Sound.
Initiated in 2001 by the City of Burien in partnership the U.S. Army Corps of Engineers
(USACE), and many other funding partners, construction of the second phase is scheduled
for completion in April of 2014. At 180 acres, Seahurst Park can be viewed as a green
infrastructure project from many different perspectives. First is the role of the site and
project in delivering sediment to the longest drift cell along King County's eastern Puget
Sound shoreline. Most of this drift cell is armored with bulkheads and rock revetments
associated with residential and commercial development. Due to its location at the updrift
end of this 10 mile long driftcell, and the presence of unstable forested bluffs within the
park, restoring the bluff to beach sediment supply is a key goal of the project. In this way,
the Project supports sustainable nearshore habitat both on-site and off-site, supplying
sediment to the drift cell. It also supports a degree of sustainable shoreline protection for
all the properties along the drift cell that the restored project will supply sediment. This
feature increases resiliency to storm damage and flooding. A second green infrastructure
component is water quality treatment. The park includes forested bluffs and ravines, and
numerous small streams and wetlands that drain into Puget Sound. Master planning for
the park completed in 2002 preserves and restores more than 90% of the site as natural
habitat, protecting the water quality function of the natural features throughout the park.
In addition, Phase 2 of the Project includes reconstruction of the lower parking area to
treat runoff from pollution generating surfaces using low impact development techniques.
These techniques include permeable paving and bioretention/rain gardens for water
quality treatment. A third green infrastructure component is the recreational and
educational value of restored natural beaches, stream mouths, and other habitats. The
park is the largest shoreline park between Seattle and Tacoma, and is heavily used by the
local community, and many school districts in the region for field trips. As restored habitat,
these features improve both the ecological functioning of the park as natural habitat, and
the attractiveness of park for recreational use and for environmental learning. Enjoyment
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of the natural shoreline and environmental education about the natural shoreline are the
main attractions to the park that were identified through an extensive public outreach
process during the master planning, and subsequent phases of design. Anchor QEA has
been working with the City of Burien and the USACE since 2002 on the planning and design
of this project.

incentives were used to help motivate behavior. The messaging and outreach strategies
that were developed and implemented for each of the issues will be summarized, as well
as evaluation of the programs.

#

360 Don't Drip & Drive- Greasing the Skids with Social Science to
Prevent Vehicle Leaks

Session: S-03H Social Strategies for Ecosystem Recovery: On the Ground
Applications of Social Science

Room:

Room:

607

Presenter: Stef Frenzl, Snohomish County SWM

Chair:

Dave Ward

Date: 4/30/2014

3:30 PM - 5:00 PM

Authors:

Examples of applied social strategies to ecosystem problems, emphasizing problem
definition, the social science that informed solutions, and the strategies that put those
solutions into action.

#

476 Using Social Science to Inform Social Strategies

Room:

607

Date:

4/30/2014

3:30 PM - 3:45 PM

Presenter: Dave Ward, Puget Sound Partnership
Authors:

Dave Ward, Puget Sound Partnership

Abstract: Virtually every stressor affecting the health of the Salish Sea ecosystem has, at
its core, some form of human behavior. At many scales, human action has a profound
effect on the landscape. In response, social strategies and the science that informs them
are seen now more than ever as an essential part of ecosystem recovery. This
presentation describes recent efforts in Puget Sound to integrate social sciences into
recovery efforts. It is an introduction to using social science to inform social strategies,
highlighting tangible examples of science informing strategy to guide implementation. It
describes the role in ecosystem recovery of fields such as anthropology, behavioral
economics, psychology, and sociology, and models such as Diffusion of Innovations, Social
Capital, and Stages of Change. (NOTE TO ORGANIZERS: This is an introductory
presentation to the "Social Strategies for Ecosystem Recovery: On the Ground Applications
of Social Science" session.)

#

607

Date:

4/30/2014

Authors:

Emily Sanford, Puget Sound Partnership

607

Date:

4/30/2014

4:00 PM - 4:15 PM

Presenter: Cammy Mills, Washington State University Extension Mason County
Authors:

Cammy Mills, WSU Extension Mason County; Bob Simmons, WSU Extension;
Heidi Keller, Heidi Keller Consulting

Abstract: Washington State University Mason County Extension has been actively involved
in environmental outreach and behavior change programs and in that role, has had
multiple opportunities to gather audience research in partnership with other
organizations. Research has focused on septic maintenance, livestock management, SMP
regulations, shoreline planting as well as general attitudes toward BMPs (such as picking
up pet waste) and personal values. Participants in audience research were shoreline
residents as well as upland residents. Key findings will be summarized and their
implication for effective messaging and outreach techniques will be discussed. These
include: • Perception of messaging that focuses generally on Puget Sound vs. messaging
about specific local issues • Barriers to septic inspection • Barriers to proper management
of manure from livestock • Barriers to planting shoreline vegetation As a result of this
research, messaging was developed that appealed to people’s sense of and pride in place
and people’s concern for the health of themselves and their family. When appropriate,
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4:15 PM - 4:30 PM

Stef Frenzl, Snohomish County SWM

607

Date:

4/30/2014

4:30 PM - 4:45 PM

Presenter: Jonathan Waggoner, Coastal Geologic Services

160 Knowing Your Audience: Lessons for Environmental Behavior
Change from Mason County, WA

Room:

4/30/2014

572 Connecting Property Owners with Shorelines – A Comprehensive
Database of Shoreline Data at the Parcel Scale (Need to adjust
title and content slightly to be part 1 that matches talk #476
which would be part 2 )

Room:

Abstract: This presentation will outline both how and why the Puget Sound Partnership’s
Stewardship program is encouraging the application of social marketing planning by
practitioners around the Sound. Efforts made to understand the target audience’s specific
barriers and motivators will be summarized and the products designed to incentivize the
use of social marketing will be described. This work pledges to make social marketing a
mainstream approach to fostering residential behaviors that positively affect the health of
Puget Sound.

#

#

3:45 PM - 4:00 PM

Presenter: Emily Sanford, Puget Sound Partnership

Date:

Abstract: Over 7 million quarts of motor oil are dripped onto streets and highways in the
Puget Sound Basin each year, resulting in over $53 million worth of motor oil going down
storm drains each year. But it’s not only money that’s lost. Toxic, petroleum-based oil,
grease and other fluids such as transmission, power steering, brake and windshield wiper
fluids, often leak from vehicles, and these contaminants are carried by stormwater to
streams, rivers and Puget Sound, where they accumulate in sediments, harm water
quality, and harm or kill aquatic life. The Washington Department of Ecology has identified
leaky vehicles as among the most significant pollution sources affecting the Puget Sound’s
health. Until recently, relatively little effort was made to address the impact from leaky
cars and trucks in Washington State. Starting in 2012, a committee comprised of local and
state governments, non-profit organizations and industry representatives began using a
systems approach to map the vehicle leak system and develop programmatic and policy
recommendations to the Washington State legislature on effective measures that can be
taken to address this issue, due in summer 2014. Among the list of recommendations
includes the continuation of the Totem Award winning Don’t Drip & Drive Campaign, a
behavior change campaign that helps owners fix their leaky vehicles. In 2013, a consortium
of over 80 cities and counties known as STormwater Outreach for Regional Municipalities
(STORM) collaborated with state agencies, numerous non-profit organizations, and over
80 auto repair shops to launch the campaign pilot. During the one-month pilot, over 7,000
vehicles were inspected and 709 vehicles had leaks repaired. Efforts are now underway to
expand the campaign and improve effectiveness prior to launching Phase 2 in June 2014.

303 Social Marketing for Puget Sound

Room:

607

Authors:

Jonathan Waggoner, Coastal Geologic Services; Andrea MacLennan, Coastal
Geologic Services

Abstract: The goal for this project was to create a social marketing behavior change
strategy that would lead to residential landowners to improve the way they manage their
shorelines, and reduce the perceived need to armor their shores. To better understand the
shoreline characteristics and demographics at the parcel unit scale a database of
residential shoreline parcels in the Puget Sound was developed that linked parcel data
with other existing shoreline data sets. Data sets spatially linked with parcels included:
Shorezone data, Sound-wide feeder bluff mapping, a newly compiled shoreline armor
layer, and data from the PSNERP change analysis. Considerable pre-processing was
required prior to linking the data sets to update datasets. For example, shore armor data
was compiled from multiple data sets into a single layer prior to be linked with the parcel
data. Erosion potential was estimated for all shores based on the combined shoretype and
wave exposure (from Shorezone) to inform appropriate management techniques for each
parcel. Once assembled, the county parcel data required extensive processing to
accurately equate the shoreline with upland parcels, as many shoreline parcel boundaries
are located slightly landward of the high water shoreline while still maintaining a decisionmaking role on the beach. Once spatially linked, shoreline parcels were attributed with the
shoreline data. These data were then used to segment parcels into one of nine categories
based on the presence of a home, shoreline armor, and erosion potential. These segments
were then used to identify target behaviors for shoreline management, outreach efforts
and later social marketing efforts.

#

512 Developing Social Marketing Strategies to Reduce Puget Sound
Shoreline Armoring

Room:

607

Date:

4/30/2014

4:45 PM - 5:00 PM

Presenter: Julie Colehour, Colehour+Cohen
Authors:

Carey Evenson, Colehour+Cohen; Julie Colehour, Colehour + Cohen; Nancy
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Lee, Social Marketing Services; Heather Trim, Futurewise; Pamela Jull, Applied
Research Northwest; Andrea MacLennan, Coastal Geologic Services
Abstract: The net reduction of shoreline armor along the marine nearshore of Puget Sound
is a key goal for ecosystem recovery. WDFW and DNR are the leads of the Puget Sound
Marine and Nearshore Grant Program, funded by the U.S. Environmental Protection
Agency through the National Estuary Program, and have funded a project to develop a
social marketing framework and strategies for voluntary removal and/or replacement of
hard armor for residential parcels. In the future, the Grant Program will provide this social
marketing and behavior change strategy, as well as information about incentive options,
to local governments and other entities interested in implementing armoring reduction
programs. Social marketing and behavior change strategies that achieve voluntary
stewardship among shoreline landowners can be used to complement regulatory,
education, restoration, and other efforts that seek to protect Puget Sound beaches. The
project includes a) GIS assessment of all residential marine parcels to in Puget Sound,
including shoreform and geomorphology, as well as basic demographic information and
segmented parcel types; b) through primary and secondary research, identifying barriers
and motivators impacting property owner decisions to remove or forgo hard armor; c)
identifying sub-segments of shoreline property owners most likely to be receptive to
messages about voluntary armor removal, choosing softer alternatives to armor install,
and other “natural” shoreline protection behaviors; d) testing messaging, outreach
strategies and motivators for selected population segments to choose alternatives to hard
armor along their shorelines (where not needed to protect property); and e) developing an
outreach strategy toolkit for program implementers to use when conducting local
campaigns. Qualitative interviews with a variety of shoreline property owners and a
cross-section of “influencer” audiences were conducted to gain insight about how
shoreline armor decisions are made, and what barriers and motivators may be most
common. The team also conducted a literature review of existing research, outreach and
pilot programs already complete (or in progress) related to shoreline armor. The
interviews, database development and literature review were used to develop a
quantitative survey distributed to a cross section of shoreline property owners in January
2014, which drilled down into barriers and motivations tied to target behaviors and
provided insights into messaging and terminology that the team will then use to inform
development of the social marketing strategy/toolkit. The project is scheduled to be
complete by May 31, 2014.

#

477 The impacts of upwelling, ocean acidification and respiration on
aragonite saturation along the Washington continental margin

Room:

5/1/2014

8:30 AM - 10:00 AM
Session: S-04A Frontiers of ocean acidification research in the Salish Sea I
Room:

615/616/617

Chair:

Jan Newton

Date: 5/1/2014

8:30 AM - 10:00 AM

In this session we highlight new research, from observations, modeling, and experiments,
that is pertinent to ocean acidification in the Salish Sea. Presenters will represent a broad
range of scientific disciplines, spanning physical, chemical, biological, and ecological. Given
the broad range of topics, we seek to compare regional systems and responses, and gain
collective insight on its status.

#

357 Observations of Flow and Mixing in Juan de Fuca Canyon

Room:

615/616/617

Date:

5/1/2014

8:30 AM - 8:45 AM

Presenter: Parker MacCready, University of Washington
Authors:

Date:

5/1/2014

8:45 AM - 9:00 AM

Presenter: Richard Feely, NOAA Pacific Marine Environmental Laboratory
Authors:

Richard Feely, PMEL; Simone Alin, PMEL; Nina Bednarsek, ; Lauren Juranek,
Oregon State University; Burke Hales, OSU; Adrienne Sutton, PMEL/NOAA

Abstract: The continental shelf region off the Washington coast is seasonally exposed to
water with a low aragonite saturation state by coastal upwelling of deep waters. However,
the extent of its evolution in late summer has been largely unknown. Along this
continental margin, upwelling, biological productivity, and respiration processes in
subsurface waters are major contributors to the variability in aragonite saturation state. In
the late summers of 2011 and 2012, we conducted large-scale chemical, biological, and
hydrographic surveys of the region in order to better understand the interrelationships
between these natural and human-induced processes and their effects on calcium
carbonate saturation. The uptake of anthropogenic CO2 has caused the aragonite
saturation horizon to shoal by approximately 40-50 m since preindustrial times so that it is
well within the density layers that are currently being upwelled along the west coast of
North America to depths between 10 and 80 m. Although the majority of the corrosive
character of these waters is the result of respiration processes at intermediate depths,
reducing aragonite saturation state by about 0.2-0.3 and pH by 0.3-0.5, this region
continues to accumulate more anthropogenic CO2 and, therefore, the upwelling processes
will expose coastal organisms living in the water column or at the sea floor to less
saturated waters, exacerbating the biological impacts of ocean acidification. Our research
shows this is happening now with some pteropod species.

#

658 Mechanisms that influence pH and aragonite saturation state in
the Strait of Georgia

Room:

615/616/617

Date:

5/1/2014

9:00 AM - 9:15 AM

Presenter: Ben Moore-Maley, University of British Columbia
Authors:

Thursday

615/616/617

Ben Moore-Maley, University of British Columbia; Susan Allen, University of
British Columbia; Debby Ianson, DFO

Abstract: A 1-D vertical biophysical coupled model is used to investigate the seasonal,
interannual, and long-term variability of pH and aragonite saturation state in the southern
Strait of Georgia. The model is initialized using casts from local sampling programs, and
continuously forced with local meteorological and river discharge observations. Dissolved
inorganic carbon (DIC) and total alkalinity are modeled as scalar quantities and used to
calculate pH and aragonite saturation state. Model results show an aragonite saturation
horizon at ~20 m that shoals to the surface during winter and sometimes in summer
during large freshets from the Fraser River. pH is high (> 8) near the surface in
spring/summer/fall and low (< 7.7) below 10 m due to entrainment of DIC-rich water from
the intermediate layer. Sensitivity studies suggest a seasonal succession of forcing
dominance on surface pH and aragonite saturation state. In spring, pH is strongly
anticorrelated to windspeed due to mixing across the large, shallow pH gradient. In
summer, pH and river discharge are anticorrelated due to reduced primary productivity
near the Fraser River plume. The deepening of the aragonite saturation horizon below the
surface in early spring appears to coincide with the onset of the spring diatom bloom, and
the summer surface aragonite undersaturation duration is clearly a function of Fraser
River discharge. This study demonstrates the importance of local forcing in determining
the interannual variability of near-surface pH and aragonite saturation state in the Strait of
Georgia.

Parker MacCready, University of Washington; Matthew Alford,

Abstract: Juan de Fuca Canyon, Washington, which cuts across the continental shelf from
the mouth of the Strait of Juan de Fuca to the shelf break, is a likely conduit for deep
(below shelf break) Pacific water to enter the Salish Sea. This is important to the Salish
Sea ecosystem because the deeper Pacific water has lower pH and dissolved oxygen.
Despite its potential importance to Ocean Acidification in the Salish Sea, very few direct
observations have been made in the Canyon. Here we report breaking internal lee waves,
strong mixing and hydraulic control associated with wind-driven up-canyon flow near the
shelf break in Juan de Fuca Canyon. Unlike the flow above the canyon rim, which shows a
tidal modulation typical on continental shelves, the flow within the canyon is consistently
up-canyon during our observations, with isopycnals tilted consistent with a geostrophic
along-canyon momentum balance. As the flow encounters a sill near the canyon entrance
at the shelf break, it accelerates significantly and undergoes elevated mixing on the
upstream and downstream sides of the sill. On the downstream side, a strong lee wave
response is seen, with displacements of O(100 m) and overturns tens of meters high. The
resulting diffusivity is sufficient to substantially modify coastal water masses as they
transit the canyon.
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522 Carbon chemistry observations in the Salish Sea: evidence for
upwelling influence and implications of sills for ocean acidification
effects

Room:

615/616/617

Date:

5/1/2014

9:15 AM - 9:30 AM

Presenter: Jan Newton, Washington Ocean Acidification Center
Authors:

Dr. Jan Newton, Washington Ocean Acidification Center; Constance Sullivan,
Puget Sound Institute; Terrie Klinger, University of Washington; Richard Feely,
PMEL; Michael O'Donnell, ; Jude Apple, Western Washington University

Abstract: Understanding ocean acidification is important because the global increase in
carbon dioxide can cause seawater to become undersaturated with respect to calcium
carbonate bio-minerals (e.g., aragonite and calcite) that shelled organisms need to live.
Community respiration at depth in marine environments, which produces carbon dioxide,
causes deeper waters to be typically more corrosive than surface waters. Coastal
upwelling areas, such as the coastal Pacific Ocean that feeds the Salish Sea, can be
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intermittently exposed to corrosive water conditions. Ocean acidification has increased
the frequency, intensity, and duration of corrosive conditions off the Oregon shelf (Harris
et al., 2013) and has been observed to be detectable in Puget Sound (Feely et al., 2010).
We investigated the spatial and temporal expression at two stations in the central portion
of the Salish Sea: one in San Juan Channel and one in the Strait of Juan de Fuca. We
sampled seawater semi-weekly at four depths primarily during fall during 2011 and 2012,
measuring temperature, salinity, oxygen, nutrients, dissolved inorganic carbon, and total
alkalinity. Seawater density, pCO2, pH, and aragonite saturation were derived from these
variables. Carbon system variables showed variable distribution patterns with depth,
location, over season, and interannually. Variation in pH and pCO2 primarily matched that
of the hydrography, indicating the strong role of mixing in San Juan Channel and of
stratification between estuarine (shallow outflowing) and oceanic (deep inflowing) waters
in the Strait of Juan de Fuca. Also, a seasonal pattern was indicated, with evidence of
upwelling and inflow of ocean-sourced waters with lower pH, higher pCO2, and lower
aragonite saturation state in the fall. These waters, with more extreme values at depth in
the Strait, were also evident at depth in the Channel. After this observation, subsequent
weeks showed little variation over depth; however, the mean pH had shifted to lower
values throughout the water column at both sites, consistent with mixing. These data can
be interpreted to imply that deep oceanic intrusions of corrosive waters coming into the
Salish Sea through the Strait of Juan de Fuca are mixed throughout the water column in
locations like the San Juan Channel, where topographic features like sills and reefs, as well
as strong tidal forcing, cause strong mixing. This effect, while decreasing the intensity of
the corrosive signal at depth, can increase the spatial footprint of undersaturated waters
to surface layers. Moreover, sills, which are common in the Salish Sea, can increase the
residence time of these waters due to “re-fluxing” (Ebbesmeyer, 1980), meaning that
mixing over sills retains some of the waters that would have been exported in the
outflowing water through estuarine circulation.

In coastal systems, however, contemporary carbonate chemistry variability remains only
partially characterized and patterns of covariation with other biologically important
variables such as temperature and oxygen are rarely evaluated or incorporated into
experimental design. Here, we compiled a large carbonate chemistry data set that consists
of measurements from multiple moorings and ship-based sampling campaigns from the
Salish Sea and larger California Current Ecosystem (CCE). We evaluated patterns of pCO2
variability and highlight important covariation between pCO2, temperature, and oxygen.
We subsequently compared environmental pCO2-temperature measurements with
conditions maintained in OA experiments that used organisms from the Salish Sea and
CCE. By drawing such comparisons, researchers can gain insight into the ecological
relevancy of previously published OA experimental designs, but also identify species or life
history stages that may already be influenced by contemporary carbonate chemistry
conditions. We illustrate the implications that covariation among environmental variables
can have for the interpretation of OA experimental results and suggest an approach for
developing experimental designs with pCO2 levels that better reflect OA hypotheses while
simultaneously recognizing natural covariation with other biologically relevant variables.

Session: S-04B
Room:

608/609

Chair:

Heather Trim

#

314 Attribution of corrosive bottom-water conditions to ocean
acidification and other estuarine drivers in Puget Sound: an
updated analysis

Room:

615/616/617

Date:

5/1/2014

9:30 AM - 9:45 AM

Presenter: Simone Alin, NOAA Pacific Marine Environmental Laboratory
Authors:

Simone Alin, PMEL; Richard Feely, PMEL; Dr. Jan Newton, Washington Ocean
Acidification Center; Christopher Krembs, Washington Department of Ecology;
Allan Devol, ; Wendi Ruef, Univ. Washington; Parker MacCready, Univ.
Washington; Jonathan Reum, ; Mark Warner, Univ. Washington; Samantha
Siedlecki, Univ. Washington; Dana Greeley, NOAA PMEL

Abstract: Providing specific attribution of observed changes in biogeochemical signals to
specific process drivers is notoriously challenging in coastal and estuarine ecosystems,
with natural variability often substantially larger than an anthropogenic signal of interest,
such as ocean acidification (OA). In 2010, we estimated that anthropogenic OA was
responsible for 24–49% of the added corrosiveness observed in the bottom waters of
southern Hood Canal, relative to conditions naturally present in CO2-rich upwelling water,
with the remaining 51–74% due to respiration processes. For these purposes, “added
corrosiveness” referred to the contribution of additional dissolved CO2 from uptake of
anthropogenic CO2 (i.e. anthropogenic OA) or respiration within Hood Canal to
undersaturation of aragonite beyond that in the upwelled source waters. Here we expand
this analysis to encompass five cruise data sets for Hood Canal (2008–2011). We also
determine the CO2 variability of marine source waters coming into Puget Sound using
moored time-series in combination with empirical relationships developed for coastal
waters, as well as the impact of different transport-time scenarios within the basin on our
attribution estimates.
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283 Carbonate chemistry covariation with temperature and oxygen in
the Salish Sea and California Current Ecosystems: implications for
the design of ocean acidification experiments
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Abstract: A central goal of ocean acidification (OA) research is to understand the
ecological consequences that future changes in ocean chemistry will have on marine
ecosystems. To address this uncertainty researchers rely heavily on manipulative
experiments where biological responses are evaluated across different pCO2 treatments.
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237 Roofing Materials Assessment - Investigation of Toxic Chemicals
in Roof Runoff
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Abstract: The Washington state Department of Ecology recently partnered with roofing
manufacturers, their associations, municipal stormwater programs, and environmental
stakeholders to design and conduct a study to assess toxic chemicals in the stormwater
runoff from roofing materials. This interdisciplinary team, know as the Roofing Task Force
(RTF), brought together experts in roofing materials and manufacturing processes, roof
coatings, stormwater quality, and regulatory requirements. By working together the RTF
and Ecology leveraged their collective knowledge to design a more robust study. The
study was designed to understand whether the premise that roofing runoff is a contributor
to degrading water quality in the Puget Sound basin, as postulated in previous studies
(Ecology, 2011 a and b). Scientifically credible data are becoming increasingly important
to guide permitted jurisdictions and industries in compliance with NPDES stormwater
permits and cost-effective investment in BMPs. The previous Ecology studies had
indicated that roofing materials appeared to be major sources of copper, cadmium, zinc,
arsenic, and possibly polycyclic aromatic hydrocarbons (PAHs) and phthalates in the Puget
Sound basin (Ecology, 2011a and b). To systematically identify sources of these
pollutants, Ecology collected and analyzed samples of runoff from 18 panels constructed
of new roofing materials during ten storm events in Lacey, WA. Panels did not include
other roofing components such as flashings gutters and downspouts, and HVAC systems.
The panels represented 14 types of new roofing material that are the most commonly
installed in the Puget Sound basin plus some of the emerging technologies for commercial
roofs. Analysis of the roof runoff included total metals (arsenic, cadmium, copper, lead,
and zinc) and organic compounds (PAHs, phthalates, and polybrominated diphenyl ethers
(PBDEs). The new, un-aged roofing materials evaluated in this study did not appear to be
releasing organics to the runoff; however, analyses identified statistically significantly
higher concentrations of arsenic, copper and zinc in runoff from several roofing types
when compared to the glass controls. The study results will provide the basis for
jurisdictions to cities to establish policy they may apply to for specific pollutant-generating
roofs. Ecology will likely begin evaluating other roofing components as sources of metals
released within the Puget Sound basin.
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468 A Laundry Load of Chlorinated Flame Retardants: A pathway from
households to wastewater treatment plants
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Presenter: Erika Schreder, Washington Toxics Coalition
Authors:

Erika Schreder, Washington Toxics Coalition; Mark La Guardia, Virginia
Institute of Marine Sciences

Abstract: The role of household laundry as a pathway for the transport of flame retardants
from homes to waterways was investigated. Flame retardants are commonly used in
consumer products found in the home, and also widely found in surface water, sediments,
fish, and wildlife. The mechanisms by which flame retardants are transported from indoor
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to outdoor environments, however, are largely unknown. Besides their known use in
household products, flame retardants have been detected in indoor air, house dust,
surface wipes, and in clothes dryer lint, indicating their mobility in the indoor environment.
In recent years, chlorinated organophosphate flame retardants (ClOPFRs) have come into
widespread use, in part as replacements for polybrominated diphenyl ethers (PBDEs). To
investigate transport from the indoor to outdoor environment, household dust was
collected from 20 homes in Longview and Vancouver, WA and analyzed for ClOPFRs. In
addition, wastewater from household laundry was collected from each home to
investigate the hypothesis that flame retardants on clothing and transferring to laundry
water is a source to wastewater and waterways. Three ClOPFRs— tris (2-chloroethyl)
phosphate (TCEP), tris (1-chloro-2-propyl) phosphate (TCPP) and tris (1,3-dichloro-2propyl) phosphate (TDCPP)—were detected in 100% of the dust samples at levels ranging
up to 82,700 ng/g. The three ClOPFRs were detected in 100% of the laundry wastewater
samples, at levels up to 561,000 ng/L. In contrast to PBDEs, the ClOPFRs are resilient to
wastewater treatment, and previous research has detected these compounds in
treatment plant effluent. The ClOPFR contribution of laundry wastewater to wastewater
treatment plants was estimated. Based on these estimates, laundry water is likely the
primary source of ClOPFRs to treatment plants. With their resilience to wastewater
treatment, this pathway is a significant source of ClOPFR pollution in the aquatic

concentrations in over 2000 samples from multiple fish and macroinvertebrate species to
evaluate where in the food web mercury may be elevated, and which life history
characteristics are associated with elevated body burdens. Characteristics we tested
included age, trophic level, tissue lipid content, gender and proximity to known mercury
sources (i.e., urbanized locations or elevated sediment mercury concentration). The
highest mercury concentrations (greater than 0.50 mg/kg, wet wt.) occurred in sixgill
sharks (Hexanchus griseus) an apex predator, and long-lived rockfishes (Sebastes spp.),
especially in urban locations. Mean mercury concentrations were less than 0.17 mg/kg,
wet wt. for all other species, but also varied with age and proximity to contaminant
source. For example, most of the variability in muscle mercury concentrations of English
sole (Parophrys vetulus) was explained by age and sediment mercury concentration. We
also compared the concentration of mono-methyl mercury to total mercury for a subset of
220 samples, representing a range of species and tissues. Overall the majority of mercury
(>90%) was methylated, though there were notable exceptions. These data provide a solid
basis for understanding the factors influencing mercury accumulation in the Puget Sound
food web and serve as baseline data to evaluate the effectiveness of the Washington’s
mercury CAP.
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601 A survey of wastewater indicator compounds and effects in fieldexposed salmonids in the Stillaguamish Watershed, WA, USA.
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Jody Pope, WWU; Patrick Moran, usgs; James Helfield, Western Washington
University; Jennifer Sevigny, Stillaguamish Tribe of Indians Natural Resources
Department

Abstract: Many toxicants and emerging contaminants are unregulated and some
considered potentially endocrine disrupting substances that are discharged to aquatic
ecosystems via human activities (e.g., in wastewater effluent, urban and agricultural
runoff). This study investigated the presence of wastewater, and other selected,
compounds in the surface waters of the Stillaguamish River watershed, Washington, and
the physiological responses of field-exposed fish. The objectives of the study were two
fold; describe the presence and concentration of wastewater compounds (WWC)’s in
surface waters of the Stillaguamish watershed and evaluate physiological consequences of
field-exposed juvenile salmonids to these compounds. The study included sampling
presence and concentration of WWC’s by deploying Polar Organic Chemical Integrative
Sampler (POCIS) devices throughout small streams receiving non-point source inputs and
fish tissues analyzed for contaminants. Chemical analysis indicate low detection
frequency in non-point source small streams and low tissue concentrations. Field exposure
to juvenile salmonids involved a 28-day caged Chinook salmon (Oncorhynchus
tshawytscha) study in 2011 and collection and sampling of resident cutthroat trout
(Oncorhynchus clarkii) in 2012. Liver, gallbladder, and blood plasma samples were
collected from fish and used for chemical and physiological measurements. Polyaromatic
hydrocarbons (PAHs) metabolites were evaluated in composite gall bladder tissues from
the caged Chinook salmon; however, most analytes were not detected above the
reporting limits of 6-22 ng/mL bile, recovery corrected. Vitellogenin protein was assessed
in blood plasma from juvenile, male cutthroat trout, but showed few measurable
detections. A targeted cDNA microarray designed for rainbow trout (Wiseman and others
2007) was hybridized with RNA extracted from the liver tissues with both the 2011 caged
Chinook and 2012 field collected rainbow trout. Analysis of gene responses are still in
progress, but preliminary results suggest overall weak responses, relative to controls, and
similar gene response patterns from caged Chinook and free-swimming cutthroat trout.

431 NOAA Marine Debris Program Efforts in the Salish Sea
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Abstract: Since its inception in 2005, the NOAA Marine Debris Program (NOAA MDP), the
federal lead on marine debris, has partnered with and supported numerous efforts to
address marine debris in the Salish Sea, and especially in the Puget Sound. Working with
Northwest Strait Initiative, the NOAA MDP funded and supported the effort to survey for
and rid the Puget Sound of legacy gillnets. The NOAA MDP has also supported a number of
partners in derelict crab pot removal and conducted outreach to commercial and
recreational crab fishers – a little knowledge can go a long way to help prevent crab pots
loss. On land, the NOAA MDP worked with partners to recycle derelict nets and increase
recycling and proper disposal of plastic debris. Through on-going support from Ocean
Conservancy and regional partners, NOAA MDP contributed funds and effort to clean up
the Puget Sound during the International Coastal Cleanup. The NOAA MDP has supported
several research projects to increase our understating of different aspects of marine
debris, including density and impacts. As the program approaches a decade of productive
and collaborative work in the Puget Sound, this presentation will cover past efforts in the
region, future emphasis, and a wider national perspective on marine debris.
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Importance of Puget Sound Lowland Streams
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Due to their abundance and location, Puget lowland streams comprise a significant
amount of native fish habitat and are subjected to pressures unique to their location in the
managed landscape. We seek presenters to discuss what role PLSs have in the recovery of
the Salish Sea ecosystem, and what is being done to protect and restore that role.
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664 Impact of Land Use Change on High-Quality Salmon Habitat in
Central Puget Sound
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508 Mercury in the Puget Sound food web: factors influencing body
burdens in multiple species.
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Authors:
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Abstract: Mercury is a contaminant of concern in aquatic organisms world-wide. These
biota are exposed to mercury from both natural emissions and human-caused sources.
The Washington Department of Ecology has implemented a Chemical Action Plan (CAP)
campaign to virtually eliminate the human-caused sources of mercury in Washington. The
Washington Department of Fish and Wildlife’s Puget Sound Ecosystem Monitoring
Program (PSEMP) - Toxics in Biota team has assessed the geographic extent and
magnitude of mercury and other chemical contaminants in 18 fish and macroinvertebrates
species across Puget Sound since 1989. In this report we compare total mercury
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Abstract: Development has impacted many streams and rivers draining to the Salish Sea.
Development typically has detrimental impacts on salmon populations and habitat impacts
will increase with the expected increase in human population predicted for the next
century. Salmon production in freshwater varies spatially and often a few areas can be
responsible for supporting a large proportion of a population. If development is
disproportionately focused at locations capable of supporting high levels of production,
the detrimental impact of future development could make it difficult to maintain naturally
spawning populations of salmon. We utilized a model to predict habitat suitability for
coho salmon for stream reaches in four counties in central Puget Sound (Pierce, King,
Snohomish and Kitsap) and a model that predicts future development to examine the
extent to which high quality habitats have been impacted by past development and the
extent to which they are likely to be compromised in the future. Future development was
predicted for 3-year time steps from 2010 through 2050. The habitat capacity assessment
indicated that high productivity areas are typically located in areas relatively proximate to
salt water or along the floodplains of large rivers. These locations also are the areas
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where conversion from forest to development or agriculture has occurred most often in
the past in the central Puget Sound region. Predicted future development will continue to
be disproportionately focused in areas that currently support highly productive habitat.

Room:
Authors:
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248 JUVENILE CHINOOK SALMON REARING IN SMALL NON-NATAL
STREAMS DRAINING INTO THE WHIDBEY BASIN
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Abstract: We electrofished for juvenile Chinook presence in 63 small coastal streams
draining into Whidbey basin. The streams sampled range in watershed size from 3 to 1,862
hectares with channel slopes ranging from less than 1% to 38% for electrofished reaches.
Bankfull channel width of electrofished stream reaches range from 0.8 to 6.9 meters. In
32 of the 63 streams we found juvenile Chinook salmon present on at least one of the
sampling days over the six year study period (2008 – 2013. Most juvenile Chinook salmon
were caught in the months of January through May each year. Juvenile Chinook body size
found in the small streams was similar to or larger than juvenile Chinook body size found
in adjacent nearshore habitat from January through April. After April, juvenile Chinook
salmon were larger in nearshore areas than in small streams. While in small streams,
individual juvenile Chinook reared an average of 38.5 days and grew 0.23 mm/day.
Statistical analysis suggests four factors influence whether juvenile Chinook salmon are
present within Whidbey Basin small streams: 1) distance to nearest Chinook salmon
bearing river, 2) stream channel slope, 3) watershed area, and 4) presence and condition
of culverts at the mouth of stream. Streams further from Chinook salmon bearing rivers
and with steeper channel slopes had lower juvenile Chinook salmon presence rates. A
minimum watershed size of 45 hectares with channel slopes less than 6.5% may be
necessary for juvenile Chinook salmon potential. Culverts at stream mouths likely cause
upstream migration problems for small fish such as Chinook salmon fry. Streams of this
size are often not considered salmon habitat because many flow seasonally and do not
provide habitat for spawning salmon. However, we found that numerous small streams
entering the Whidbey Basin do provide rearing habitat for fry migrant Chinook salmon
originating from the three nearby rivers (Skagit, Snohomish, and Stillaguamish). These
small streams are not well mapped and may be subject to inadequate protection as fish
habitat. Better mapping of small streams and a predictive model for juvenile Chinook
salmon potential would help managers better protect this unique habitat type.

448 How does urbanization alter the sources, transport, and fate of
organic matter in small Puget Lowland streams?
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Authors:
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Derek Booth, Stillwater Sciences

Abstract: Organic matter delivered to streams from riparian vegetation provides habitat
and food resources for stream biota. Puget Lowland streams exhibit a wide variety of
urbanization influences, including modification to riparian vegetation and changes to
stream channel complexity. These changes alter the delivery of organic matter to small
streams and what happens to that organic matter within the stream environment. More
disturbed watersheds tend to have a greater proportion of deciduous vegetation than
more natural systems with conifer-dominated riparian zones. Deciduous riparian forests
produce 54% more nitrogen and 40% more phosphorus loads from litterfall inputs
compared with conifer-dominated riparian areas. Shifts in the timing of inputs occur as
well. Urban streams have lower pool/riffle ratios and higher reach-averaged velocities
than less developed streams. Decreases in channel complexity result in less retention of
surrogate leaf material near the litterfall source and enhanced organic matter transport in
small urban streams. In addition, red alder leaf processing occurs faster in urban streams,
primarily through enhanced abrasion rather than macroinvertebrate or microbial
processing. Urban streams receive more leaf litter input than less developed streams.
However, the lack of channel complexity does not retain the litter locally and enhanced
abiotic processes lead to faster leaf processing. While more leaf litter of higher nutritional
quality falls into urban streams, abiotic processes limit availability for biotic processes.
These shifts in sources, transport, and fate alter nutrient processes and aquatic
productivity within small Puget Lowland streams but also alter how much organic matter
reaches downstream water bodies such as Puget Sound.

#

529 A Thousand Cuts – Protecting the streams that sustain Puget
Sound
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Abstract: The challenges facing Puget Sound reach beyond its deep inlets and sinuous
shorelines, all the way to the crests of the Cascades and Olympics, into the rivers and
streams that are the Sound’s lifeblood. The streams that flow into Puget Sound are an
integral part of its physical, biological, and chemical integrity. When those streams are
inadequately protected, the consequences affect Puget Sound as surely as water flows
downhill. State and local government agencies in Washington are charged with protecting
Puget Sound’s streams from negative impacts caused by adjacent land-use activities. In
many cases that charge hasn’t been met for a surprisingly simple reason: agencies have
been relying on inaccurate maps. Washington’s regulatory agencies depend on a process
called water typing to identify and classify streams, lakes, and wetlands for their
importance, ecologically and for human uses. This basic inventory is the most fundamental
step in conserving the health of Puget Sound and its tributaries. Water typing answers the
question: “Where are the streams, and where are the fish habitats within them?”
Unfortunately, current water typing records and maps often underestimate the actual
miles of fish-bearing waters by 50% or more. Wild Fish Conservancy has documented
widespread error throughout Puget Sound, finding that a significant number of streams in
Puget Sound do not even appear on any maps. Hundreds of miles of productive Puget
Sound watersheds are threatened because, when they are misidentified or unidentified on
regulatory maps, they are often subjected to inappropriate land-use practices. Many
streams are not receiving protection they warrant under already existing regulations.
When misclassified and mismapped Puget Sound lowland are not protected from the
negative impacts associated with forestry, agriculture, and development; the results are
devastating for the streams, the fish that live in them, and the integrity of the Puget Sound
nearshore habitats they feed. Until the watersheds draining into Puget Sound are
accurately identified and protected, cumulative effects from land-use in these watersheds
will continue to contribute to the compromised health of Puget Sound. And until
systematic inventories are performed, models are improved, regulatory maps are
updated, and streams are adequately protected, progress towards restoring the integrity
of Puget Sound will continue to be significantly offset by the pervasive and in many cases
unrecorded loss of freshwater habitat and water quality.
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586 Assessing Misrepresented Streams in Regulatory Water Type
Maps
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Abstract: In Washington, local and state government agencies rely on WA Dept. of Natural
Resources (WADNR) water type maps to identify and protect streams. WADNR
acknowledges that their regulatory water type maps are inaccurate and not to be taken at
face value, but most agencies don’t have the resources to groundtruth the regulatory
maps within their jurisdictions. As a result, many streams are not likely to receive the
protection they warrant under existing regulations and efforts to effectively identify and
prioritize fish habitat restoration/protection projects are compromised. Since 2000 Wild
Fish Conservancy has been performing systematic water type assessments throughout the
Puget lowlands to describe the magnitude and extent of mapping errors in the WADNR
water type maps. Understanding how the WADNR regulatory water type maps were
developed, along with the results of our extensive field efforts, has allowed us to describe
the conditions where WADNR regulatory maps are least-accurate. Further, we are able to
estimate the extent to which small Puget Sound drainages are misrepresented or
unrepresented in the regulatory maps. With this information, Wild Fish Conservancy is
working with partners to develop a LiDAR-based water type model that better-predicts the
location and classification of small Puget Sound streams.
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620 Measuring Effectiveness of Culvert Replacement: A Case Study
Measuring Change in Structure and Function after
Implementation of the Carpenter Creek Restoration Project,
Kitsap County WA
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Abstract: In the 1950’s the natural tidal hydraulics of the Carpenter Creek watershed, a 30acre high value salmon bearing Puget Sound Lowland Stream in Kitsap County Washington,
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was artificially controlled by a 6-foot box culvert on South Kingston Road and a 6-foot
cylindrical pipe culvert under West Kingston Road, creating a high-velocity regime
immediately above and below the culverts while slowing, and alternation of the timing of
flushing of the lower Carpenter Creek. This manipulation of the tidal exchange created
deep scour holes within feet of the culverts, trapped juvenile salmonids at low tide, and
transformed the estuary area between the culverts into a low energy, depositional
environment with an unnatural channel thalweg. To restore the natural hydraulics of this
system, the Carpenter Creek Restoration Project was proposed by Stillwaters
Environmental Education Center, an environmental education and restoration
organization in Kingston, WA. Stillwaters recognized the ecological importance of
improving this small stream and its physical relationship to Appletree Cove since it offered
juvenile salmon feeding and rearing habitat as well as educational opportunities for the
local and scientific community. They obtained agreement of the US Army Corps of
Engineers to undertake a Feasibility Study for a Section 206 Restoration Project to replace
both culverts with more appropriate structures. Due to federal budget uncertainties and
lack of full funding for both projects, in 2010 Kitsap County agreed to undertake final
design and construction of the South Kingston Road culvert replacement. One phase of
the project was completed in February of 2012, replacing the 6-foot box culvert with a 50
foot bridge. As part of the restoration project a pre and post-construction habitat
monitoring program is being undertaken by Stillwaters. One of the monitoring efforts is
comparative sediment grain size analysis upstream and downstream of the new bridge.
Sediment sampling and analysis was performed by volunteers using sampling and size
fractionation protocols developed in consultation with local environmental scientists using
simple equipment. A total of 66 samples were collected along 5 transects above and
below the culvert, 33 in June 2011, prior to the culvert replacement and 33 in June 2012
five months after the project was complete. Transect locations were recorded and
distances between quadrates were noted so that post-construction sampling could be
performed at the same locations. A simple volumetric size fractionation analysis was
performed on the samples by volunteers using readily available equipment with consistent
training and oversight for quality control. Results indicated that at most locations,
significantly difference in grain size distribution were observed after the culvert removal.
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426 Status and Trends of the Salish Sea's Marine Birds

Room:

611/612

Date:

5/1/2014

8:30 AM - 8:45 AM

Presenter: Scott Pearson, WA Dept of Fish and Wildlife
Authors:

Room:

611/612

Date:

5/1/2014

8:45 AM - 9:00 AM

Presenter: Sean Boyd, Environment Canada
Authors:

Sean Boyd, Environment Canada

Abstract: A relatively small population of harlequin ducks overwinters along the shoreline
between White Rock and Crescent Beach, B.C. This population has been the focus of
hundreds of ground surveys over the last 30+ years. In the 1980s and 1990s, males
consistently returned to the study area during the June-July period to molt their body and
flight feathers, followed by the females 1-2 months later. Long-term pair bonds were reestablished once the females completed their own molts, usually by mid-late October.
Over the last 10 years, the male molt pattern has changed considerably to the point where
they do not molt in the study area anymore but return ca. 2 months later and in pre-basic
plumage. The reason(s) for this rather dramatic change in behavior is not known but the
following factors may be acting alone or in concert: 1) increasing levels of disturbance
from people (especially boaters, kayakers, and more recently, paddle-boarders), and 2)
increasing levels of predation risk (especially from bald eagles). In addition, and associated
with this change in molt behavior, the number of males overwintering in the study area
has declined significantly. In other words, the change in molt behavior appears to have
resulted in a local population level effect. Surveys were initiated in fall 2013 at two nearby
coastal sites in WA State (Point Roberts and Birch Bay) to determine if they are
experiencing the same pattern of delayed return by males, and that appears to be the
case. Important questions stemming from these surveys are: 1) is this change in molt
behavior happening throughout the Salish Sea?, 2) if so, is it having similar local population
level effects or even larger scale effects?, and finally 3) why is it happening? Detailed
monitoring and applied research efforts are needed to answer the above questions but, in
the meantime, plans are underway to mark White Rock males with satellite transmitters to
track their movements, especially during the molt period.

635 Anthropogenic threats to humpback whales in the Salish Sea:
insights from northeastern Vancouver Island
611/612
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Presenter: Christie McMillan, MERS

The first of two related and sequential sessions, this is a session with presentations on
distribution, abundance, and mechanisms of change including human pressures. The
second session is a panel discussion with invited experts that can speak to broader topics
like oceanographic conditions, prey base, and food web dynamics.
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155 Something strange is happening with Harlequin Ducks in the
Salish Sea

Scott Pearson, ; Karen Barry, Bird Studies Canada; Peter Davidson, Bird Studies
Canada; Joseph Evenson, Washington Department of Fish and Wildlife; Martin
Raphael, USDA Forest Service; Toby Ross, Seattle Audubon Society; Eric Ward,
NOAA, Northwest Fisheries Scie

Abstract: Seabirds are often used in ecosystem monitoring programs not only because
they are ubiquitous, conspicuous and charismatic but also because they are relatively well
studied, time-series exist for many species, and because some species are tightly linked to
their habitats, prey resources, or climatic/oceanographic conditions. The marine bird
community of the Salish Sea is composed of over 70 species that are relatively abundant
and highly dependent upon marine resources but their relative abundance changes
dramatically throughout the year. During the summer months, the Salish sea seabird
community is dominated by locally breeding birds including gulls, alcids, and cormorants.
However, during the period between late-fall and early spring there is nearly a four-fold
increase in abundance and the community becomes much more diverse with the influx of
ducks, mergansers, grebes, and others. To help set the stage for a broader discussion
about the mechanisms responsible for seabird population trends, we present a broad
overview of seabird population trend patterns for this complex community using
provincial, state and non-governmental monitoring data sets covering the past 5-20 years
depending on the effort. We will present abundance trends by residency (local breeder,
migrant, over-wintering), diet, and habitat use (nearshore, pelagic). Trends are complex
with a few over-wintering species like scoters and loons exhibiting declines and local
breeders monitored during the nesting season exhibiting no significant trend or increases.
These trends appear to vary geographically with some variation among monitoring
programs.
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Abstract: As humpback whale (Megaptera novaeangliae) populations recover from
commercial whaling throughout the North Pacific Ocean, these whales are returning to
areas where they were rarely encountered or absent for the past four decades. These
areas include the coastal waters of northeastern Vancouver Island (NVI) and more
recently, the Salish Sea. The return of humpback whales to coastal waters leads to
increased overlap between humpback whales and human activities, including vessel traffic
and fisheries. We use data from NVI, an area where humpback whale numbers have been
increasing over the past ten years, as an example of the effects of this overlap. Data were
collected through dedicated research effort, as well as opportunistically from whale watch
vessels. Between 2003 and 2013, we documented a total of 176 humpback whales off
NVI. The annual number of individual humpback whales sighted off NVI increased from
seven individuals in 2003 to a maximum of 71 individuals in 2011. A minimum of eight
vessel strikes and five entanglements in fishing gear were witnessed off NVI since 2006.
Fishing gear involved in these entanglements included prawn, crab, and seine gear. A
further nine entanglement events can be inferred based on scarring and injuries on
whales’ bodies. Due to the intense levels of human activity in the Salish Sea, these
anthropogenic threats are likely to negatively impact both the endangered humpback
whales and the humans using these coastal waters. They may also have implications for
the management of humpback whales and fisheries in the Salish Sea.

#

623 New insights into seasonal foraging ranges and migrations of
minke whales from the Salish Sea and coastal British Columbia.

Room:

611/612

Date:

5/1/2014

9:15 AM - 9:30 AM

Presenter: Jared Towers, MERS
Authors:

Jared Towers, MERS ; Christie McMillan, MERS; Mark Malleson, ; Jackie
Hildering, MERS; John Ford, DFO; Graeme Ellis, DFO

Abstract: In the Salish Sea and coastal waters of British Columbia, minke whales are known
to establish small home ranges during the feeding season. Beyond the feeding season little
is known of their movements or distribution. To determine movement patterns of minke
whales in these waters we used photo-identification data that were collected
opportunistically from 2005-2012. These data were from four non-overlapping areas
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between 48ºN and 53ºN. Despite year-round search effort, minke whales were only
encountered between April and October. Most of the 44 unique minke whales identified in
405 encounters displayed fidelity to areas both within and among feeding seasons. Five of
these individuals also made relatively large-scale intra-annual movements between areas
on six occasions. They were documented to move up to at least 424km in a northerly
direction early in the season and up to at least 398km in a southerly direction late in the
season. We believe that the seasonal patterns of these movements provide new insight
into the foraging ranges and migrations of individuals. Ecological markers provide further
evidence that the minke whales we photographed undertake annual long distance
migrations. Scars believed to be from cookiecutter shark bites were observed on 43
individuals and the majority of minke whales documented with good quality images each
year had acquired new scars since the previous feeding season. Furthermore, the
commensal barnacle Xenobalanus globicipitis was observed on three individuals. Since
these sharks and barnacles are from warm waters, it can be inferred that they interacted
with the minke whales at lower latitudes. These findings may have important implications
for our understanding of minke whale populations in the Salish Sea and the management
of this species in the North Pacific.

expected of a temperate ecosystem of its size, i.e., 18,000 square km. This biodiversity has
declined, however, and the causes for which are briefly discussed.

Session: S-04E

Managing Floodplains for Multiple Benefits

Room:

613/614

Chair:

Christopher Konrad

Date: 5/1/2014

8:30 AM - 10:00 AM

Multiple-benefit approach for managing floodplains in the Salish Sea basin, including policy
and technical issues and local practitioners.

#

343 Floodplains by Design: Accelerating integrated floodplain
management across Puget Sound

Room:

613/614

Date:

5/1/2014

8:30 AM - 8:45 AM

Presenter: Bob Carey, The Nature Conservancy
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488 Using acoustic recording tags to investigate anthropogenic sound
exposure and effects on behavior in endangered killer whales
(Orcinus orca)

Room:
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Date:

5/1/2014

9:30 AM - 9:45 AM

Presenter: Marla Holt, NOAA Northwest Fisheries Science Center
Authors:

Marla Holt, NOAA NWFSC; Brad Hanson, ; Candice Emmons, NOAA NWFSC;
Juliana Houghton, University of Washington; Deborah Giles, University of
California, Davis; robin Baird, Cascadia Research Collective; Jeff Hogan,
Cascadia Research Collective

Abstract: Vessel traffic from commercial shipping, whale-watching, and other boating
activity is common in the Salish Sea. Potential effects on local marine mammals include
vessel disturbance and associated noise exposure. The Salish Sea also includes designated
critical habitat for endangered Southern Resident killer whales (SRKWs) because it is an
important summer foraging area for these whales. In both the U.S. and Canada,
conservation efforts for SRKWs have identified risk factors or threats that may hinder
population recovery. These risk factors include vessel and noise effects, and prey quality
and availability. In this collaborative investigation, acoustic recording tags (DTAGs),
equipped with hydrophones and other sensors, are temporally attached with suction cups.
The tags allow us to collect data about what an individual killer whale experiences in its
acoustic environment as well as its vocal and movement behavior subsurface. Specific
research goals include: (1) quantifying noise levels that individual whales experience; (2)
determining relationships between the noise levels and detailed vessel traffic variables
obtained from precise geo-referenced data collected concurrently; (3) investigating whale
acoustic and movement behavior during different activities, including foraging, to
understand sound use and behavior in specific biological and environmental contexts; and
(4) determining potential effects of vessels and associated noise on behavior. We have
collected over 80 hours of tag data from 23 tags deployed over three field seasons. Noise
levels recorded from killer whales are variable with maximum levels attributed to
individual vessels passing in close proximity. Additional data obtained from the tags shed
light on the (otherwise) dark and subsurface world of SRKWs, particularly on the
importance of acoustics and specific movement patterns during foraging in SRKWs. This
paper will describe the experimental approach taken, unique data obtained, and current
scientific results. These data are critical for addressing our research goals related to
multiple population risk factors of endangered SRKWs.

Authors:

Abstract: Floodplains support a tremendous wealth of goods and services, including
fisheries, water filtration, flood storage, rich agricultural soils, flat ground for building,
wildlife habitat, recreation opportunities, etc. While society has discussed the ideal of
integrated floodplain management for many years, the shift to this ideal has been
hampered by the reality of the narrowly defined programs and policies established to
meet singular goals. Rather than maximizing the goods and services we derive from our
floodplains, this “stove-piped” approach to floodplain management leads to unintended
consequences, inefficiency and conflict. In Puget Sound salmon runs remain on the brink,
flood risks continue to rise, and conflicts between competing goals persist. Those involved
in the Puget Sound Floodplains by Design partnership – including The Nature Conservancy,
Puget Sound Partnership, Washington Department of Ecology, National Oceanic and
Atmospheric Administration, Federal Emergency Management Agency, US Environmental
Project Agency, and US Geological Survey – believe that we can do better. The term
“Floodplains by Design” infers a shift away from the conflict and unintended
consequences of single-objective projects to integrated floodplain management for
multiple benefits. It infers a move toward better floodplain design, where decisions are
made in an integrated fashion considering a broader variety of the functions, values, and
risks associated with floodplains. Projects within the multiple benefits paradigm can have
a larger extent and scope when they both improve ecological functions of floodplains and
reduce flood risk projects as they are more likely to garner the needed political support
and public funding. Many have been trying to integrate multiple benefits at the local level.
The Floodplains by Design partnership is accelerating these on-the-ground efforts through
a comprehensive regional effort focused on aligning programs, resources and politics with
a multiple benefits ideal. This presentation will describe the FbD partnership’s approach
to addressing the financial, social, policy and technical issues that have hampered both
Salish Sea ecosystem recovery and integrated floodplain management, share our results to
date, and discuss our plans for the future. We will share insights from an innovative
regional effort to make room for floods and fish that is clearly gaining momentum and has
recently succeeded in securing $50M in new state funding for multiple benefit floodplain

#

322 Floodplain Resilience: A tool to support multi-objective decisionmaking in floodplains.
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316 The Salish Sea Ecosystem in FishBase and SeaLifeBase
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Presenter: Maria Lourdes Palomares, Fisheries Centre
Authors:

Maria Lourdes Palomares, Fisheries Centre, UBC; Nicolas Bailly, WorldFish;
Patricia Yap, FIN; Daniel Pauly, Fisheries Centre, UBC

Abstract: This contribution will review the biodiversity of the Salish Sea and its regional
components, the Puget Sound and Georgia Strait based on the incorporation into major
database, i.e., FishBase (www.fishbase.org) for fish and SeaLifeBase
(www.sealifebase.org) for other marine organisms, of a massive body of literature data.
Because it incorporated in this massive databases, this information is also vetted for
quality and can be compared with information from similar ecosystems. Over 238 fish
species are documented for the Salish Sea (152 for Puget Sound, 193 for the Georgia
Strait) in FishBase, and over 1600 species of non-fish vertebrates and invertebrates in
SeaLifeBase, from a body of over 1800 published references. Though this documentation
effort is ongoing, we can now say that overall, the Salish Sea is as biodiverse as can be
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613/614

Date:

5/1/2014

8:45 AM - 9:00 AM

Presenter: Julie Morse, The Nature Conservancy
Authors:
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Bob Carey, The Nature Conservancy; David St. John, Puget Sound Partnership

Kris Johnson, The Nature Conservancy; Julie Morse, The Nature Conservancy

Abstract: Puget Sound’s major rivers and their floodplains deliver a wealth of economic,
social and environmental benefits. They support diverse and productive agriculture,
sustain important fisheries, enable recreation and provide other functions essential to
quality of life in the region. However, development and other activities in Puget Sound
have degraded more than 70% of floodplains threatening salmon populations, impacting
water quality, and limiting the extent to which these areas can regulate flood waters and
support other natural river functions. The variety of problems caused by the loss and
degradation of floodplains has triggered responses from an array of stakeholders and
interests, resulting in uncoordinated and often conflicting efforts to manage these critical
areas. To address this challenge the Nature Conservancy launched Floodplains by Design, a
collaborative effort to improve decision-making by providing information to align isolated
objectives and integrate disconnected stakeholders. A key component of this strategy is
the development of a decision support tool designed to provide data and data
visualizations that can support floodplain management funding, prioritization and
implementation decisions at both local and regional scales. The Floodplain Resilience tool
is currently under development both at a regional scale with state and federal agency
partners and at a watershed scale in Snohomish County. In this presentation, we will
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describe the design and content of the Floodplain Resilience tool and discuss the intended
audiences and relevant decision-making applciations.

#

290 The Whole is Greater than the Sum of Its Parts: Engaging
Communities for Flood Risk Reduction, Species Recovery and
Other Community Priorities

Room:

613/614

Date:

5/1/2014

9:00 AM - 9:15 AM

Presenter: Polly Hicks, NOAA
Authors:

#

Jenny Baker, The Nature Conservancy; Polly Hicks, National Oceanic and
Atmospheric Administration (NOAA)

Abstract: A picture of a floodplain can invoke different meanings for the people of Puget
Sound: home, working lands, livelihood, culture, floods, altered ecosystem, disappearing
salmon and identify. Each of these meanings is valid and each is powerful. In many of
Puget Sound’s large rivers over 70% of floodplain habitat have been altered or lost. Puget
Sound Chinook salmon, steelhead and bull trout, which rely on healthy rivers and
floodplains are listed as threatened under the Endangered Species Act with habitat
restoration playing a critical role in their recovery. Salmon are central to the culture and
identity of the Native American Tribes in the region. Puget Sound’s rich floodplain soils are
also home to vibrant agricultural communities, which were founded upon some of the
most productive soils in the world. Floodplains are also increasingly encroached upon by
residential communities and the businesses and amenities that accompany them. These
communities are at an ever increasing risk of flooding as climate change is predicted to
produce wetter winters with more frequent, large flood events. People working in
floodplains understand that floodplains and the management of these important systems
are viewed very differently by the sometimes conflicting interests of Puget Sound
residents. One of the most pressing management issues facing our region is integrating
multiple community, stakeholder, and trustee interests to maximize ecological and social
outcomes for the region. By working with local communities and designing to address
multiple objectives, several projects have been completed in which the whole is greater
than the sum of their parts: functional habitat, flood risk reduction, and preservation of
working lands. This presentation will focus on the regional context related to the need for
floodplain restoration, and the potential for multiple-benefits project to meet this need.
Through the use of case studies from Puget Sound, this presentation will highlight the
specific ways local sponsors, NOAA’s Restoration Center and The Nature Conservancy are
successfully working across interests to gain a broad base of support, and achieve greater
gains than separate, single objective actions.

#

525 Implementing multiple benefit floodplain projects in King County

Room:

613/614

Integral to the restoration of ecological functions to the Salish Sea are the remediation of
contaminated sediment sites throughout the Sea as well as the Cascade, Olympic
Peninsula, and Vancouver Island watersheds. This special session will explore the remedial
efforts underway, with an emphasis on innovative methods already in place or under
construction that hold promise to reduce or sequester contaminants in ways that
immediately reduce exposure risks to benthic invertebrates, fish, marine mammals and
birds, as well as risk reduction for humans from fish consumption. Remedial projects to be
presented will include dredging projects, results of in-place caps, addition of active
amendments, and both enhanced and monitored natural recovery.

Date:

5/1/2014

9:15 AM - 9:30 AM

401 Legacy Lead Isotopic Signature in Riverine Sediments in Everett,
Washington

Room:
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Date:

5/1/2014

8:30 AM - 8:45 AM

Presenter: Christine Heisen, Ocean Research College Academy
Authors:

Christine Heisen, Ocean Research College Academy

Abstract: Highly industrialized areas near sensitive estuarine environments are a perennial
focal point of environmental studies concerning releases of hazardous materials, including
trace heavy metals. This study focuses on determining the heavy metal distribution legacy
at a demolished ASARCO smelter site in north Everett, WA near the mouth of the
Snohomish River. This site has been the target of recent remedial actions under the Model
Toxics Control Act (MTCA) Cleanup Regulation developed by the Washington Department
of Ecology (WA DOE) due to widespread arsenic and lead contamination in the early
1900s. Previous research has shown evidence of a correlation between heavy metal
concentrations in benthic sediment of Possession Sound and proximity to industrial sites,
while suggesting heavy metal concentrations varied with changes in Snohomish River
discharge. Overall, lead concentrations were shown to be higher at sites closer to the
mouth of the river. Therefore I hypothesize that the suspended solids in runoff from the
ASARCO site is traceable down river from the site, perhaps into Possession Sound, and
deposits correlate with river discharge. Future research will seek to establish the extent of
dispersion of anthropogenic lead derived from the ASARCO site through lead isotope
fingerprinting (Pb-204, Pb-206, Pb-207, Pb-208). Lead tracing as a geochemical indicator
from one specific source will further demonstrate heavy metal distribution in a highly
complex riverine system with many potential point and non-point sources of
contaminants. Slag samples from WA DOE will be used to determine the isotopic signature
of the site. Three one-meter benthic sediment core samples collected near the mouth of
the Snohomish River, near the ASARCO site, and up river will be analyzed using a
specialized MC-ICP-MS instrument at the University of Washington in January and
February of 2014. Analyzing multiple layers of a core sample will demonstrate a temporal
trend based contaminated sediment thickness at the sampling sites. Results will be
analyzed in conjunction with Ecology Site Hazard Assessment data. This research will
emphasize both the spatial and temporal aspects by demonstrating the relationship
between coherent structures in a tidally influenced fluvial system and lead deposition.

Presenter: Mark Isaacson, King County Water and Land Resources Division
Authors:

#

Jean White, King County WLRD

Abstract: Leaders are confronted with two types of problems: technical problems, which
can be solved by expertise and good management and "adaptive" problems, such as
poverty, which require innovation and learning (Heifetz, "Leadership without Easy
Answers," Harvard Press, 1994). This presentation will explain how the issues of
river/floodplain management fall into the latter category and provide several examples of
how to add to the classic planning framework to move challenging multi-objective
floodplain projects to completion. Two project examples provided are Rainbow Bend
constructed in 2013 and Upper Carlson scheduled for summer 2014 construction as part of
the Snoqualmie at Fall City Corridor project. The presentation will show how to
implement multi-objective projects and will describe the richness that has been added to
proven planning processes from the range of partners, tribes and stakeholders. Attendees
will be encouraged to brace themselves for the intensity and, ultimately, satisfaction of
the work and dedication needed to wade into floodplain projects that achieve multipleobjective purposes for the long run. As these two examples will show, the implementation
and details of multiple-objective floodplain projects differ between rivers and even
between reaches in the same river. Issues that emerge can be surprising and typically do
not arrive with initial clarity on a path towards resolution. However application of the
principles of public engagement, disciplined technical analyses that wade into
complexities, active engagement with partners, tribes and stakeholders, and commitments
to long term monitoring and management continues to illuminate pathways to project
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Advancing Sediment Remediation in the Salish Sea
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643 Remediation and Restoration of Beach, Pocket Estuary, and
Nearshore Habitat For Increased salmon fisheries

Room:
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Date:
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Presenter: Diane Hennessey, Hart Crowser
Authors:

Diane Hennessey, Hart Crowser

Abstract: What do beach, nearshore, and pocket estuary habitat all have in common?
These habitats are part of a dynamic ecosystem of sediment exchange and in turn are
important habitats for juvenile salmonids. The dioxin-contaminated old Custom Plywood
Factory site in Fidalgo Bay in Anacortes, Washington was remediated in fall and winter
2013 in cooperation with the landowner and Department of Ecology. Approximately
70,000 cubic yards of contaminated sawdust and sediment was removed from the bay and
disposed of at a proper disposal site. This was replaced by clean sediment on the beach
and nearshore habitat. Additionally, a pocket estuary was created behind an earthen berm
to replace the coastal lagoon habitat that had been damaged by a fire explosion at the
plywood facility. An experimental technique of adding a thin layer to cap to contain
contaminants in eel grass beds, while still allowing the eelgrass to thrive was also
implemented. Preliminary results indicate that forage fish are able to spawn successfully
on the new beach substrate and surf smelt and juvenile salmonids utilize the pocket
estuary habitat. This innovative strategy to remediate and restore the contaminated
nearshore and shoreline habitat in Fidalgo Bay resulted in a substantial lift to ecosystem
functions. This lift in ecosystem services in turn has resulted in increased use of the site by
juvenile salmonids and forage fish.

8:30 AM - 10:00 AM
#

469 Monitoring to assess the effectiveness of an activated carbon
sediment amendment to remediate contamination at a site
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located at the Puget Sound Naval Shipyard & Intermediate
Maintenance Facility, Bremerton, WA
Room:

602/603

Date:

5/1/2014

9:00 AM - 9:15 AM

Presenter: Robert Johnston, US Navy
Authors:

Robert Johnston, US Navy ; Bart Chadwick, US Navy; Victoria Kirtay, US Navy;
Gunther Rosen, US Navy; Joel Guerrero, US Navy; Joseph Germano, Germano
and Assoc.; Jason Conder, ENVIRON Corp.; Chris Stransky, AMEC

Abstract: A demonstration project for Pier 7 at the Puget Sound Naval Shipyard &
Intermediate Maintenance Facility (PSNS&IMF) located in Sinclair Inlet, Puget Sound, WA
is evaluating and validating the placement, stability and performance of activated carbon
to treat contaminated sediments in an active harbor setting. During a fender pile
replacement project for Pier 7 at the shipyard in 2010, legacy contamination was identified
adjacent to the pier. In October 2012, the contaminated area was amended with
powdered activated carbon (PAC) using the AquaGate+PAC™ composite aggregate system
to improve delivery, physical stability, and decrease the bioavailability of polychlorinated
biphenyls (PCBs), mercury (Hg), and other contaminants in the 190 x 115 ft (58 x 35 m)
target. Pre-installation monitoring was conducted in August 2012 and the initial postinstallation monitoring was conducted in August 2013 approximately 10 months following
placement. The monitoring is being conducted to assess performance after intervals of
approximately one, two and three years of placement to document physical, geochemical,
and biological conditions at the site with diver-assisted sampling using the Sediment
Ecotoxicity Assessment (SEA) Ring protocol, the Sediment Profile Imaging (SPI) camera,
benthic infauna sampling, and geochemical analysis. Consisting of autonomous benthic
chambers, ten SEA Rings were placed at the site to conduct 14-day in-situ bioassays using
clams (Macoma nasuta) and polychaete worms (Nephtys caecoides), deploy passive solid
phase micro-extraction (SPME) samplers, and collect sediment samples for analysis of
grain size, organic carbon, black carbon, PCBs, Hg, and biological condition of the
sediments. Images from the SPI camera surveys were used to verify the presence and
thickness of the amendment and assess benthic conditions. Results from the pre- and ten
month post-installation monitoring events showed that the amendment was achieving the
desired performance criteria.
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230 Preliminary Remediation Success of a Forage Fish Spawning Beach
at Custom Plywood in Fidalgo Bay, Anacortes, WA
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Date:

5/1/2014

9:15 AM - 9:30 AM

Presenter: James Selleck, Hart Crowser
Authors:

James Selleck, Hart Crowser

Abstract: Hart Crowser is working with the Washington Department of Ecology, Toxic
Cleanup Program to remediate a forage fish spawning beach at Custom Plywood, a Model
Toxic Control Act (MTCA) clean-up site in Fidalgo Bay, Anacortes, Washington.
Contaminated sediments, creosote-treated pilings, and building debris were removed
during the summer of 2013 and replaced with new beach material to restore forage fish
spawning areas lost to industrial use and contamination. Sampling for forage fish eggs
began with demolition/construction in July 2013 and will continue through 2014. Sampling
occurred once weekly during construction, once monthly from November through
February, and will continue twice monthly from March through September. Long-term
monitoring will continue through summer 2016, and is proposed through 2018. Four sites
were established along the remediated beach, with a fifth site outside of the work area as
a control. Sampling design was meant to capture pre-, during, and post-construction
conditions. Construction of the beach was completed in December 2013. Surf smelt were
found to spawn frequently and in great abundance from the summer of 2013 through late
October. Eggs were found at some locations in November as well, but were less abundant,
which is common spawning behavior for surf smelt in central and north Puget Sound.
Sand lance eggs (winter spawners) have not yet been found, but have been documented in
other areas of Fidalgo Bay. Surf smelt egg conditions during the summer were poor, with
low survival along the impacted area of the shoreline. The control site outside of the work
area contained eggs in better condition, and healthy egg development was tracked from
week to week during the summer. After new beach material was deposited, surf smelt
eggs have been found in excellent condition along the full extent of the shore, with full
development over a two-week period at all sites, including a few larval fish found on the
shore in September.
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123 Port Angeles Harbor's FRESH START
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Abstract: In 1995, citizens and environmental organizations from around western WA
challenged an industrial giant and the WA State Department of Ecology (Ecology). The
object: Rayonier, Inc. The reason: the company planned to exit the City of Port Angeles
WA without removing its mill pollution. Rayonier operated an ammonia-based pulp mill
on the Strait of Juan de Fuca for nearly seven decades. Amongst many contaminants
released by the mill, to make its bright white pulp for paper, plastics, fabric and other
products, it emitted significant amounts of dioxins. The USEPA rated this mill the worst
air, land and water polluter in WA State and one of the worst in the U.S. Mill owners and
Ecology planned little evaluation of site contaminants when the mill closed in 1997. The
public said NO, and was successful in petitioning the USEPA to assess the area's
contaminants. Sampling and analysis of mill site soils, town soils, and Strait sediments
ranked the area a Superfund level site. In 2000, the cleanup process was transferred to
Ecology. In 2007, with the establishment of the WA State Puget Sound Partnership for the
purpose of cleaning up Puget Sound, the Rayonier cleanup project morphed into an entire
Port Angeles Harbor cleanup and now ranks as a priority State cleanup program. Harbor
sediments have been widely sampled and analyzed, as have soils from more waterfront
mills. Most waterfront polluters have agreed to participate in cleaning up the Harbor area.
We see a FRESH START of the Harbor and waterfront area resulting in healthier marine
life, water and air. The presenter will show slides of the area and analytical findings for
each of the cleanup sites and discuss what is ahead for the Port Angeles City's waterfront.
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215 Factoring Stormwater Source Control and Natural Recovery Into
Long-Term Risk Management Planning for Harbour Sediment
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Authors:
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Abstract: Sediments within the Lot 17 area of Victoria Harbour (B.C.) are managed by
Transport Canada. Over the past several years, Transport Canada and Public Works
Government Services Canada (PWGSC) have been evaluating the nature and extent of
contaminated sediments within the Lot 17. These studies have included the recent
completion of a human health and ecological risk assessment. These studies have also
included evaluation of ongoing source inputs and natural recovery processes to
understand the role of these processes in controlling contaminant concentration trends
over time in sediments and harbour biota. Ongoing stormwater source inputs were
evaluated, and these were found to be significant particularly for polychlorinated
biphenyls (PCBs). The most significant inputs were associated with a small number of
stormwater outfalls located in current/former industrial areas. Contaminant loadings from
stormwater outfalls were modeled to evaluate the significance of these inputs both to the
aquatic food web, as well as to potential recontamination of harbour sediments. These
studies have been useful to prioritize certain stormwater basins for coordinated source
control work with the local municipality, in parallel with risk management planning for
harbour sediments. Natural recovery processes within the harbour have been quantified
directly using sediment geochronology cores, and using trend analysis in sediments and
tissues over time. Despite the presence of ongoing source inputs, natural recovery rates
have been shown to be significant both for harbour sediments. The decreasing
contaminant trends observed for sediment are also observed in harbour biota. Substantial
reductions in PCB and dioxin/furan concentrations have been documented in the tissue of
Dungeness Crab during over 20 years of biomonitoring. Evaluation of risk management
options for the harbour sediments has considered ongoing monitored natural recovery
and its benefits to further long-term risk reduction.Ongoing remediation and risk
management planning is focused on detailed options evaluation for a localized hot spot
area within the harbour. For other harbour areas with low defined risks, risk management
planning will include coordination of source control activities with the local municipality,
and monitoring of recovery in sediment and tissue contaminant concentrations.

Session: S-04G Using cross-sectoral collaboration to create long-lasting
solutions
Room:

6E

Chair:

Christianne Wilhelmson

Date: 5/1/2014

8:30 AM - 10:00 AM

Initiatives in BC and Washington using a systems approach to promote progressive
planning in collaborative partnerships among diverse constituencies, letting leaders and
communities create policies and practices for healthy and environmentally beneficial
communities, with strong economies.
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496 Using cross-sectoral collaboration to create long-lasting solutions:
How Implementation of the Cascade and Olympic Agendas Seeks
to Cross the Urban-Rural Divide
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Presenter: Michelle Connor, Forterra
Authors:

Michelle Connor, Forterra

Abstract: Since the launch of the Cascade and Olympic Agendas in 2005, Forterra (formerly
Cascade Land Conservancy) has been working to cross the urban-rural divide to generate
equitable, market-based strategies for Creating Great Communities & Conserving Great
Lands. Based on the premise that the NW's greatest opportunities for sustainability
requires identification of synergies and constituencies across diverse sectors, Forterra has
focused on a number of policy and project initiatives to test and prove up this premise.
Examples include: the well-advanced Landscape Conservation and Local Infrastructure
Program and an emerging collaboration to generate manufacturing of and building code
authorizations for locally-sourced engineered and mass timber for use in multi-story
buildings. Both of these examples align urban and rural market forces to create compact,
carbon-reducing development, while sustaining resource economies, rural communities
and the landscape - all of which are critical to the survival of the Salish Sea
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408 Quantifying ecosystem service tradeoffs in response to
alternative land use and climate scenarios: Pacific Northwest
applications of the VELMA ecohydrological model
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Abstract: Scientists, policymakers, community planners and others have discussed
ecosystem services for decades, however, society is still in the early stages of developing
methodologies to quantify and value the goods and services that ecosystems provide.
Essential to this goal are highly integrated models that can be used to define policy and
management strategies for entire ecosystems, not just individual components. We
developed the VELMA ecohydrological model to help address this need. VELMA links a
land surface hydrologic model with a terrestrial biogeochemistry model in a spatiallydistributed framework to simulate the integrated responses of vegetation, soil, and water
resources to changes in land use and climate. Here we briefly describe watershed-scale
applications of VELMA conducted in Oregon and the Puget Sound Basin in partnership with
community and governmental organizations. Our goal is to evaluate how alternative
policy, land use and climate scenarios affect tradeoffs among ecosystem services –
specifically, provisioning services (water; food from land and sea; fiber), supporting
services (cycling of water and nutrients; habitat for fish, shellfish, wildlife), regulating
services (climate; peak and low flows), and cultural services (recreational and spiritual
pursuits). A major focus is to assess the effectiveness of natural and engineered green
infrastructure (riparian buffers etc.) for protecting water quality of coastal and inland
waters. Products of this work include (1) alternative-future scenarios capturing
stakeholder-relevant choices and drivers of change; (2) tools for mapping production of
ecosystem goods and services under current and projected conditions; and (3) tools for
evaluating ecosystem service tradeoffs so that natural capital can be more fully accounted
for in alternative-future decision scenarios. We are using these products in a participatory
planning approach that integrates researchers, stakeholders and decision makers in the
process of identifying drivers, ecosystem services of concern, and solutions for a more
sustainable future. For example, can optimal “decision paths” be identified for restoring
the ecosystem services needed to sustainably support communities dependent on
resource-based economies and traditions, such as agriculture, forestry, and fishing?

#

698 Central Puget Sound Regional Open Space Strategy: Illuminating
the value of open space in advancing urban sustainability

Room:

6E

Date:

5/1/2014

9:00 AM - 9:15 AM

Presenter: Jeff Raker,
Authors:

Jeff Raker

Abstract: The Puget Sound faces significant ecological and economic pressures, which will
be further exacerbated by the increasing intensity of climate change impacts. These
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stresses affect water quality and supply, fish, farm and forest production, flood and other
environmental hazard vulnerability, biodiversity, economic opportunities, and overall
quality of life. Additionally, not all of the region’s people equitably share the health,
recreational, and aesthetic benefits open spaces provide. It is essential to more fully
account for the value of green infrastructure provided by open space systems and position
it alongside other foundational investments such as transportation or education as a
necessary dedication of public and private resources to shape future development and
ensure community well-being. Actions must be coordinated at the regional level.
Ecological systems, in particular, must be considered at the watershed scale, and
protecting threatened rural and resource lands, public health, and community
development require inter-jurisdictional solutions. The Regional Open Space Strategy
(ROSS) is an effort to address this need and to conserve and enhance open space systems
that contribute to the ecological, economic, social, recreational, and aesthetic vitality of
the Central Puget Sound. The effectiveness of the numerous ongoing conservation efforts
in the region can be greatly enhanced by directing added resources to the most critical
priorities and supporting individual efforts through cooperative approaches to shared
challenges. The ROSS seeks to stitch together and foster more effective collaboration
among the many conservation activities underway by gathering key experts and building
social capital around cross-cutting challenges such as health, social equity, economic
development, climate change, and biodiversity. This requires a concerted investment in
new metrics and new conceptions of both the benefits and the tradeoffs that are made in
conservation when evaluated against these broader challenges. The ROSS seeks to create
a robust, diverse, accessible, and connected regional open space system by adjusting to
and even reinforcing other community objectives and more effectively illustrating how
communities benefit from investments in natural green infrastructure.
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673 The 21st Century Utility: Securing a Sustainable Water Supply
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Presenter: David Batker, Earth Economics
Authors:

David Batker (dbatker@eartheconomics.org), Rowan Schmidt
(rschmidt@eartheconomics.org), Jennifer Harrison-Cox
(jcox@eartheconomics.org)

Abstract: All water utilities and private wells rely on natural assets to provide water. These
assets include watersheds, open space, rivers, lakes, groundwater, and aquifers. Natural
and built (man-made) capital assets provide and filter clean water for every sector of the
economy including agriculture, industry, businesses and households. Healthy watersheds
reliably provision and filter water, saving ratepayers billions of dollars compared to
filtration plants. These same watersheds provide a suite of other benefits including
biodiversity, habitat, recreation, flood protection, aesthetic and cultural value. Many
utilities want to invest more in their watersheds. Some own, manage or hold easements
on parts or all of their watersheds. But there’s a problem: These watersheds are only
valued (on the balance sheets) for the bare land and timber value. The most important
element of these lands – water provisioning and filtration of water – count for zero value.
In contrast, more expensive, less resilient, and relatively short-lived built capital options
including filtration plants, pipes, or desalinization plants have clear asset value. This leaves
the natural capital assets of watersheds underfunded for acquisition, restoration,
easements, and maintenance. Today’s accounting rules for utilities, local and state
government were created a century ago to accommodate the construction of built water
utility infrastructure. The rules for state and local government are set by the Government
Accounting Standards Board (GASB). With their focus on built capital, these rules present a
major barrier to securing watershed health and water supply: only built capital counts on
the balance sheets of utilities, biasing funding mechanisms towards built solutions that are
often more costly and less efficient than natural systems. Earth Economics and several
major water utilities in the United States are leading a national effort to explore the
implications of a change in national accounting standards. Following a recent workshop,
the working group was formed to propose and justify changes to GASB rules for natural
capital, look at rate structures, review asset management plans, and to identify funding
mechanisms for watershed management activities. A change in national accounting rules
would apply to government assets at all levels and shift needed investment towards green
infrastructure. The case of water utilities presents a clear and definitive case of the need
for better natural capital accounting.

#

225 Waterfront Initiative: building a vision for Vancouver BC's
waterfronts

Room:

6E

Date:

5/1/2014

9:30 AM - 9:45 AM

Presenter: Christianne Wilhelmson, Georgia Strait Alliance
Authors:

Christianne Wilhelmson, Georgia Strait Alliance

Abstract: At the interface of land and water, the waterfront of Vancouver, BC shows the
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stresses of increasing urban densification, heightened climate change and growing landuse conflicts caused by the competing needs of stakeholders. Yet, as these stresses grow
the city faces the reality that it has no agreed upon vision for the use or protection of its
waterfront nor does it have an appropriate structure to engage or work with a broad
range of stakeholders to create a vision that reflects the diversity of needs. Inspired by
the successful Metropolitan Waterfront Alliance of New York/New Jersey (MWA) whose
700+ member organizations are transforming their local waters into clean, accessible
places to learn, work and play and building on its extensive collaborative and crosssectoral experience, the Georgia Strait Alliance (GSA) has launched the “Waterfront
Initiative” to help build a vision for Vancouver’s waterfront and put in place the structure
to ensure that vision becomes a reality. Built on the theory of collective impact, GSA is
providing the space through which conversations over issues such as housing, industry,
recreation, climate change, economic development and others can take place and
solutions can be created that build strong community and a strong economy while
protecting and enhancing urban ecosystems. Through the project, GSA is building a
network of collaborators including governments, business, labour, NGOs, residents,
educational institutions, ports, developers, and recreational users – the broadest possible
network of waterfront stakeholders committed to creating an agreed upon vision. Georgia
Strait Alliance Executive Director Christianne Wilhelmson will discuss the motivation for
launching this project, the steps taking so far and the path forward for creating a vision for
Vancouver’s waterfront and making it a reality.

Of the various potential climate impacts and associated areas of vulnerability assessed, we
found that these maps generated the most detailed discussion regarding adaptation at the
community level. While successful, this collaborative scenario-building exercise relies on
a set of assumptions, including: 1) vertical land movement estimated from logging GPS
networks is linear and non-varying; 2) climate change will have little effect on patterns of
storminess over the project time frame; 3) over the project relevant time scales (multiple
decades) regional sea level rise is approximately equivalent to global average sea level
rise; and 4) shoreline morphology is static (i.e. climate change impacts will not significant
alter shoreline morphology). Some of these assumptions are almost certainly invalid and
therefore compromise our ability to plan for sea level rise at the local level, even with
relatively robust estimates of global sea level rise with quantifiable confidence levels.
These gaps include: 1) reliable information on storm surge return frequencies; 2) reliable
information on vertical land movement; and 3) reliable models regarding the morphologic
response of shorelines due to the coastal impacts of climate change. These gaps also
present scientific research opportunities as the climate community continues to work to
support community efforts to increase climate resilience.

#

693 Sea Level Rise and Coastal Floodplain Mapping Guidelines
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Date:

5/1/2014

8:45 AM - 9:00 AM

Presenter: Jesal Shah, Ministry of Forests

Session: S-04H Technical Tools to Support Sea Level Rise Adaptation in
the Salish Sea
Room:

607

Date: 5/1/2014

Chair:

Andrea MacLennan and Eric Grossman

8:30 AM - 10:00 AM

The focus of this session is to review several emerging technical tools developed to
identify areas vulnerable to SLR and how these tools link with adaptation planning to
increase local resilience in the Salish Sea. Many aspects of sea level rise will occur
consistently throughout the region, such as: increased storminess and the geomorphic
response of different shoretypes. Local (relative) sea level rise projections, regional
geology, wave exposure, and other environmental processes affected by climate change
are likely to vary considerably. Therefore management plans and guidance will likely be
most effective if they also vary to deal with these regional differences and environmental
gradients. Several different mapping approaches will be presented that integrate local SLR
projections with environmental (storm surge and wave impacts, bluff erosion rates) and
planning considerations (construction and planning elevations) to foster proactive
community growth and development. A presentation on the BC Sea Level Rise Primer will
demonstrate how these tools bear influence on the development of adaptation planning
at the local level. This session provides the opportunity to better understand the range and
scale of sea level rise implications and how emerging tools currently help to inform
increased resilience in adaptation, land use planning, and restoration. 1.Ian Miller, WA
Sea Grant, Generating local sea level rise projections to support community adaptation
2.Thomas White, BC Ministry of the Environment. BC’s Sea Level Rise Adaptation Primer
3.Eric Grossman, USGS, Modeling wave impacts with sea-level rise for the Coastal
Resilience Tool and tribal shellfish harvest planning in the Salish Sea 4.Andrea MacLennan,
Coastal Geologic Services. Sea level rise vulnerability in San Juan County.. 5.Jesal Shah,
P.E. and P.Eng, BC Ministry of Forests, Lands and Natural Resource Operations. Sea Level
Rise and Coastal Floodplain Mapping Guidelines.
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467 Generating local sea level rise projections in the Strait of Juan de
Fuca to support community adaptation
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Date:
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Presenter: Ian Miller, Washington Sea Grant
Authors:

Ian Miller, Washington Sea Grant; Alexander Petersen, Adaptation
International; Byron Rot, Jamestown S'Klallam Tribe; Hansi Hals, Jamestown
S'Klallam Tribe; Jamie Parks, Adaptation International

Abstract: As part of a comprehensive assessment of community vulnerability to climate
change by the Jamestown S’Klallam Tribe in Washington State a set of locally specific sea
level vulnerability maps were developed. The maps combined global projections of mean
sea level rise with local estimates of vertical land movement to create a set of sea level
rise scenarios relevant at the community scale. An additional “intermittent storm impact”
layer was added to the maps using estimates of the 50-year return frequency storm-surge
magnitude. The Jamestown S’Klallam Tribe identified three priority geographic areas and
for each area the team mapped a low-, medium-, and high- severity sea level rise
scenarios based on the local sea level rise curve. The team then presented these maps
along with the local sea level rise curve to the community during a climate vulnerability
workshop. This allowed the community to assess the scenarios both in terms of the levels
of confidence associated with the scenarios as well as the time frame of potential impacts.
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Authors:

Jesal Shah, Ministry of Forests, Lands, & Natural Resource Operations

Abstract: Historically, the main causes of coastal flooding have been due to astronomical
(tides) and meteorological factors (storms). Estimation of the associated flood hazard
from tides and storms typically has been predicated on the assumption of a stationary
mean sea level. However, information from the global community of scientists and
scientific agencies indicates sea level rise (SLR) is already occurring, and is expected to
continue for some time. Furthermore, it is anticipated that the rate of sea level rise will
increase in the future. As the sea level rises, it poses an increased risk of flooding to
coastal communities, and also poses a challenge for local governments in terms of land
development planning. Coastal Flood Construction Levels can be estimated as the sum of
the following components:  the higher high water level tide (HHWLT) elevation;  an
allowance for future sea level rise (SLR), tied to a particular time horizon, such as 2100; 
the estimated storm surge associated with the selected design storm;  the estimated
wave effect associated with the design storm; and  freeboard. This report and
presentation is intended to provide a technically-sound basis for local governments to
develop coastal floodplain maps, including an estimation of Flood Construction Levels
based upon best mapping and engineering practices. In light of rising sea levels, coastal
floodplain maps will also allow local governments to define sea level rise planning zones,
which will facilitate land use planning and development decisions.

#

126 British Columbia's approach for managing sea level rise

Room:
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Date:

5/1/2014

9:00 AM - 9:15 AM

Presenter: Thomas White, BC Ministry of Environment
Authors:

Thomas White, BC Ministry of Environment

Abstract: Sea level rise is a new challenge facing coastal communities in British Columbia.
Uncertainty around how much sea levels will rise, when and what impacts this will have on
any given community make adaptation a challenge. Since the release its Climate Action
Plan in 2008 the government of British Columbia has developed a suite of information and
tools to support coastal managers to respond to this new challenge by pursuing
adaptation and building community resilience. This talk will provide an overview of BC’s
progress to date and highlight specific tools, such as the Sea Level Rise primer released in
2013. This talk is part of Session #96 - Technical Tools to Support Sea Level Rise
Adaptation in the Salish Sea.

#

255 Effects of Sea Level Rise in the lower Chehalis River and Grays
Harbor estuary

Room:

607

Date:

5/1/2014

9:15 AM - 9:30 AM

Presenter: Todd Sandell, Wild Fish Conservancy
Authors:

Todd Sandell, Wild Fish Conservancy; Andrew McAninch, Wild Fish
Conservancy

Abstract: In the eastern Pacific Ocean (including along the Pacific Northwest coast), sea
level has declined in the short term but has risen in comparison with historical levels.
Predicted sea level rise will move the shoreline landward along the coast, including both
within and outside of the Grays Harbor estuary. For the southern Washington coast
(including Grays Harbor), relative SLR is estimated to rise in the range of 3-45cm (1-18”) by
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2050 and by 6-108cm (2-43”) by 2100. To better understand what these predicted changes
in sea level rise (SLR) will mean for juvenile salmon habitat availability in Grays Harbor in
the future, we applied three different scenarios of SLR to the tidal portions of the estuary.
Preliminary SLR modeling was conducted using the Sea Level Affecting Marshes Model
(SLAMM), utilizing data from 2009 Light Detection and Ranging (LIDAR) flights by the
Federal Emergency Management Agency. We ran the SLAMM model using a 5m cell size
and simulated the IPCC A1B maximum scenario, which is 59cm sea level rise by 2100, as
well as scenarios of 75cm and 1 meter SLR to accommodate newer data suggesting the
IPCC AIB maximum may be exceeded. Several trends in habitat availability were
immediately obvious. In the central estuary and North Bay (and to a lesser extent South
Bay), there will be extensive loss of low elevation tidal mud and sand flats (roughly 83%
lost) under the A1B scenario predicted to occur by 2075; under the 75cm and 1 meter
scenarios, by 2050. Both Goose and Sand Islands are submerged by increasing sea levels
by 2100 (A1B and 75cm scenarios) or 2075 (1 meter scenario). In the inner estuary zone,
the extensive mud flats around Moon Island (near the airport) and Rennie Island are
submerged by 2075 in all three scenarios. The increase in salt water intrusion will result in
a decrease in freshwater marsh habitat, with inland fresh water marsh declining to ~45%
of 1981 levels and tidal fresh marsh declining to roughly 10% of 1981 levels. In the surge
plain, an area of extreme habitat complexity offering refugia for juvenile salmon from high
winter flows, the predicted changes in SLR will result in a rapid transition from forested
tidal swamp to irregularly flooded marsh by 2025 even in the most conservative scenario
(A1B); the net loss of forested area is predicted to be severe (~97% for the estuary as a
whole). These changes will result in complex alterations in habitat availability and
productivity for the estuarine food web that are difficult to anticipate. The preservation of
estuarine habitats is essential for the species that depend on them for survival, so it is
critical that as sea level rises, new areas of habitat are made available as the waterline
migrates landward. Planning for land acquisition and protection of these sensitive areas,
rather than disruptive alterations (e.g. shoreline armoring, dikes, and levees) will be
essential in helping offset habitat loss.

resolution topographic LiDAR and nearshore bathymetry with current dynamic water level
measurements and future scenarios to assess coastal habitat, infrastructure and
community vulnerability to the joint occurrence of sea level rise, river flooding, storm
surge, and wave impacts. Working with a diverse set of communities, metrics have been
developed and mapped to help decision makers evaluate and detect areas of vulnerability
and resilience and opportunities for adaptive management. Metrics measuring extent,
change, and frequency of impact of estuary and nearshore habitat and infrastructure,
particularly in the agricultural sector, are projected out to the year 2100 helping to identify
vulnerable settings that likely provide mutual benefits to ecosystem restoration and
coastal hazard mitigation. Initial model outputs focus on habitat, ecosystem restoration
projects, and infrastructure within the footprints of the Nooksack, Skagit-Padilla-Samish,
Stillaguamish, Snohomish, Nisqually and Skokomish Deltas. However, outputs along
nearby shorelines and beach systems help to inform decisions aimed at protecting and
restoring habitats that support outmigrating salmon, shellfish harvest and access, forage
fish spawning beaches and cultural resources particularly vulnerable where shoreline
armoring will constrain nearshore processes and shoreline migration.

Session: S-04I

Citizen Science as a Tool for Conservation

Room:

604

Date: 5/1/2014

Chair:

Dave Glenn and Maddie Foutch

8:30 AM - 10:00 AM

Lessons learned and best practices in local citizen science projects.
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504 Citizen Science and the recovery of the Salish Sea: How
volunteers can play a vital role filling unmet scientific needs.
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Presenter: Maddie Foutch, Washington Environmental Council
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372 Sea Level Rise Vulnerability of San Juan County, Washington
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Presenter: Andrea MacLennan, Coastal Geologic Services
Authors:

Andrea MacLennan, Coastal Geologic Services; Tina Whitman, Friends of the
San Juans; Jonathan Waggoner, Coastal Geologic Services

Abstract: The objective of this study was to attain greater understanding of the areas
within San Juan County that are vulnerable to implications of sea level rise. The resulting
countywide mapping tool highlights areas potentially at risk to both inundation and bluff
recession, for which management strategies can be developed to reduce, avert, and
mitigate these SLR impacts. Inundation modeling was paired with bluff recession estimates
across two SLR scenarios (moderate, high) and planning horizons (2050, 2100). Inundation
mapping was conducted by linking local topography data (LIDAR) to tidal datum and
elevations for each scenario and planning horizon. Inundation areas were mapped
between MHHW, the highest observed water level, and each of the scenarios and planning
horizons. Bluff recession estimates were developed based on a stratified sample of
background erosion/change rates from different geomorphic shoretypes in the county
(stratified by exposure and orientation). Change rates were measured using historic air
photo analysis and digital shoreline analysis systems (DSAS). Historic recession rates were
used to project future bluff recession (with accelerated recession rates based on rate of
sea level rise), across the two scenarios and planning horizons. Projected bluff recession
estimates were buffered from the bluff crest to map vulnerability areas. Roads and
structures located within vulnerable areas were highlighted to facilitate adaptation
planning. Results identified 19 miles of vulnerable roads (11.1 miles of which were county
roads) and over 1,300 vulnerable structures. Together these tools can form the foundation
for the development of a SLR adaptation strategy for San Juan County and increase the
effectiveness of existing management approaches. In addition, these results can be used
to identify additional long-term restoration and conservation targets throughout the
County.

#

637 The Puget Sound Coastal Resilience Tool: Metrics and models to
assess vulnerability and resilience of coastal communities and
ecosystems

Room:

607

Date:

5/1/2014

Eric Grossman, U.S. Geological Survey; Roger Fuller, Western Washington
University; Greg Guannel, Stanford University; Jamie Donatuto, Swinomish
Tribe

Abstract: The web-based Puget Sound Coastal Resilience Tool integrates new high
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Maddie Foutch, Washington Environmental Council

Abstract: Recovery of the Salish Sea ecosystem is facing a harsh reality. Limited funds and
capacity throughout the Salish Sea’s scientific community severely reduces timely and
concerted progress on a majority of identified scientific needs. A critical piece to
successful Salish Sea restoration is ensuring that these identified scientific needs are able
to be met, before it is too late. One creative solution to this issue is to engage citizens to
participate in scientific monitoring. This presentation will use a case study to explore
lessons learned around how collaboration among citizens, scientific experts, and agencies
can produce a robust scientific monitoring program that not only produces credible and
usable data, but also gives citizens the opportunity to take ownership in the restoration of
the Salish Sea. Specifically we will examine the lessons learned by four Aquatic Reserve
Citizen Stewardship Committees. The Committees have worked in collaboration with state
agencies and scientific experts to develop three ongoing citizen science projects that
provide strategic and usable data. These lessons intend to forward a larger conversation
in the scientific community about the necessary role of citizen science in the effort to
restore the Salish Sea to health.

#

619 Citizen Science as a Tool for Conservation - Best Practices from
Local Examples

Room:

604

Date:

5/1/2014

8:45 AM - 9:00 AM

Presenter: Amy Hale, Point Defiance Zoo & Aquarium
Authors:

Amy Hale, Point Defiance Zoo & Aquarium

Abstract: An ultimate goal of Citizen Science is to encourage visitors to adopt conservation
attitudes and behaviors that help preserve Puget Sound's unique marine ecosystem. The
objectives of Point Defiance Zoo & Aquarium's Explore the Shore Beach Walks include
connecting citizens with Puget Sound animals and habitats; increasing citizens' respect for
wildlife and habitats; educating citizens about local water conservation and protection
initiatives in Puget Sound, and encouraging them to get involved in these efforts. This
program, launched in 2011, contributes data to the Washington NatureMapping Program.
Success of this program has hinged on strong volunteer participation including the
involvement of youth volunteers; defining clear goals for the program; and collecting
reliable and consistent data.

9:45 AM - 10:00 AM

Presenter: Eric Grossman, US Geological Survey
Authors:

Authors:
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397 Students can sort stream bugs and change watershed
management: a case study from Shinglemill Creek, Vashon Island
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Presenter: Bianca Perla, Vashon Nature Center LLC

Page 38 of 99

2014 Salish Sea Ecosystem Conference

Authors:

Abstract Book: Presentations by Date, Time, and Session

Bianca Perla, Vashon Nature Center LLC; Gay Roselle, Vashon Island School
District

Abstract: Building on 7 previous years of data collected by King County and available on
the Puget Sound Stream Benthos website, Vashon Nature Center LLC, worked with King
County Groundwater Protection Committee, and local middle and high school students to
solve the mystery: why does Shinglemill Creek have low B-IBI scores? Testing the
hypothesis that erosion may be affecting stream scores, scientists from VNC took aquatic
invertebrate samples in two tributaries of Shinglemill Creek—one tributary with high
erosion and landslide activity and one with very little erosion. With the help of 6 expert
scientists, over 100 students sorted samples to order, calculated a rough B-IBI score, and
explored the samples for differences in the invertebrate communities. There were some
signs of impacts due to erosion. However, surprisingly, students found a large difference
in mayfly richness and composition between the two tributaries leading to the discovery
that one tributary drained ¼ of downtown Vashon (including a parking lot popular for
student held car washes) and that low mayfly richness could indicate impact from heavy
metal run-off. Students presented their findings to the KCGWPC and instigated a cascade
of management discussions and actions the first of which is purchasing car wash kits to
filter water before it is released to Shinglemill Creek. With the right level of support,
students thrive when presented with real life science problems and can make a difference
in watershed management.

partnerships with agencies and universities, PSSS data can be used in a variety of ways,
including the ability to identify areas of stress and associated avian response, as well as
the potential for identifying their responses when stressors are reduced. PSSS temporal
data on seabird species presence by survey site are already being used by the WDFW Oil
Spill team. A study was initiated in 2011 to quantitatively evaluate the degree of variation
between citizen science observers in the PSSS program in species identification, counts of
abundance of observed species, and distance estimates. With this information Seattle
Audubon will better understand the strengths and limitations of the PSSS dataset, a
prudent step before sharing with agencies and individuals leading research on Puget
Sound. In 2013, a 12 month project was implemented that expands the PSSS
geographically west to Cape Flattery and north to Deception Pass with additional training
provided to the volunteer surveyors that prepares them to conduct oil surveys in the event
of an oil spill. The project will produce baseline avian diversity and abundance data
throughout the target geographic area which will aid in resource allocation in the event of
a catastrophic spill.
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405 Opportunity Driven By Necessity: Citizen Scientists’ Marine
Mammal Monitoring on Elliott Bay
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Presenter: Dave Glenn, Seattle Aquarium
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543 UNDERSTANDING MICROPLASTIC MARINE POLLUTION WITH
CITIZEN SCIENCE PARTNERSHIPS
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Presenter: Julie Masura, University of Washington Tacoma
Authors:
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Washington Puget Sound Institute; Susie Richards, Service Education
Adventures; Chris Burt, Service Education Adventures; Megan Addison, Sound
Experience

Abstract: Plastic marine debris is found in coastal and marine waters worldwide. There
has been an increase in the study of microplastics, synthetic polymers < 5 mm, throughout
the world. Researchers at the Center for Urban Waters, University of Washington Tacoma
have collaborated with Service Education Adventure (SEA) and Sound Experience, local
boat-based environmental education groups in Puget Sound, Washington, to collect
environmental samples and educate participants on marine debris environmental issues,
specifically microplastics. Both groups were trained on how to collect microplastics in the
field using a modified manta net, sending the samples to the Center for Urban Waters for
analysis. Undergraduate student researchers participated in the program through
assisting in training, demonstrating collection on vessels, and processing samples in the
laboratory. This presentation will review the progress of development of these
relationships, benefits of each group’s contributions, and challenges met during the
partnerships.
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399 Puget Sound Seabird Survey: Science by Citizens
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Authors:

Dave Glenn, Seattle Aquarium

Abstract: During the Fall and Winter of 2012, the Seattle Aquarium conducted in-water
work to replace creosote pilings with steel pilings near the Aquarium's harbor seal exhibit.
The pile driving work created noise that could harm marine mammals protected by the
Endangered Species Act. In order to prevent harm to marine mammals, permits required
the monitoring of Elliott Bay for the presence of ESA protected mammals and the
immediate halt of any noise creating work that could cause damage to these species. In
addition to the required monitoring, the Aquarium saw an opportunity to further our
understanding of which mammals call Elliott Bay home during the monitoring period. We
created and implemented a plan to both monitor for ESA protected species within the
permit requirements and record the presence or absence of all marine mammal species
within the monitoring area. To implement the effort, monitoring protocol was carefully
designed. Training for volunteer monitors was provided by Seattle Aquarium staff in
partnership with NOAA’s Office of Protected Resources. Monitors were scheduled at five
sites surrounding Elliott Bay. For two months, monitors collected data Monday through
Friday, from 8am to 4pm. From the marine mammal monitoring effort, we learned the
following: • Effective program design - the importance of testing and retesting protocol.
• Appropriate staffing levels - anticipating scheduling issues and building in redundancies
for monitoring efforts. • Recruitment and retention - increase volunteer recognition
through regular communication on the project’s efforts. Overall, the project was deemed
a success, with 79 volunteers trained as Marine Mammal Monitors. These volunteers
completed 1,380 hours of service while conducting 3,583 scans of Elliott Bay for the
presence or absence of marine mammals. Monitors halted piling construction four times
during the monitoring period. Since the monitoring project, the Aquarium has
incorporated the data collected in to our education and interpretation efforts. The data
and antidotal evidence from the project have supported the Aquarium’s mission of
inspiring conservation of our marine environment.

Presenter: Toby Ross, Seattle Audubon Society
Authors:

Toby Ross, Seattle Audubon Society; Eric Ward, National Oceanographic and
Atmospheric Administration; Peter Hodum, University of Puget Sound; Scott
Pearson, ; Jerry Joyce, Moon Joyce Resources

Abstract: The Puget Sound Seabird Survey (PSSS) leverages the expertise of citizen science
birdwatchers to provide valuable data on wintering waterfowl throughout Puget Sound.
Current ongoing efforts to estimate trends in seabird abundance are limited to aerial
surveys organized by the Washington Department of Fish and Wildlife (WDFW), as part of
the Puget Sound Ambient Monitoring Program (PSAMP). When compared to the Marine
Ecosystems Analysis (MESA) of the 1970s, nearly all species have shown declines,
however, the problem with comparing these two efforts is that the sampling protocols are
different. A 2004-05 survey (J. Bower, Western Washington University) was established to
replicate the land-based portion of the initial MESA project in north Puget Sound. Results
from this survey agree partially with the PSAMP trends, but also show different trends for
some species, including pigeon guillemots (declined 55% in the PSAMP survey, increased
60% in the WWU survey). These discrepancies underscore the niche that PSSS – the only
shore-based, multi-month survey of seabirds in central and south Puget Sound – is
uniquely capable of filling. The goal of the Puget Sound Seabird Survey (PSSS) is to
develop long-term, baseline, shore-based, density estimates for seabirds in Puget Sound.
Over 80 sites in six coastal counties are visited by nearly ninety citizen scientists trained on
a sophisticated protocol which utilizes distance sampling which addresses issues of
detectability and allows inference to be made about species' abundance. Through
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Frontiers of ocean acidification research in the Salish Sea II
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10:30 AM - 12:00 PM

In this session we highlight new research, from observations, modeling, and experiments,
that is pertinent to ocean acidification in the Salish Sea. Presenters will represent a broad
range of scientific disciplines, spanning physical, chemical, biological, and ecological. Given
the broad range of topics, we seek to compare regional systems and responses, and gain
collective insight on its status.
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502 A systems approach of diatom responses to ocean acidification

Room:
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Date:

5/1/2014

10:30 AM - 10:45 AM

Presenter: Monica Orellana, Institute for Systems Biology
Authors:

Monica Orellana, Institute for Systems Biology; Justin Ashworth, Institute for
SystemsBiology; Allison Lee, Institute for Systems Biology; Virginia Armbrust,
University of Washington; Nitin Baliga, Institute for Systems Biology

Abstract: Diatoms are unicellular photosynthetic eukaryotic algae that account for 40% of
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the marine primary production, they play a critical role in the marine carbon cycle, and
over geological times have influenced the global climate. Our objective is to understand
what the most important effects of climate change and ocean acidification will be on
diatoms using a systems approach. The goal of a systems approach is to integrate all the
measurements in order to formulate models that recapitulate all the observations and to
predict new behavior in response to new environmental perturbations. We have
conducted a genome-wide transcription profiling of the model diatom Thalassiosira
pseudonana during growth at two CO2 levels: present day (400 ppm) and a doubling of the
CO2 level (800 ppm), reflecting the projected scenario for the 21st century. In this
presentation we will focus on replicate analyses of the physiological and molecular modes
associated with the cells state (exponential and nutrient replete, stationary and nutrient
depleted) under the two CO2 conditions. Our results show that most of the expressed
genes associated with the difference in CO2 growth are unknown, not annotated or
hypothetical genes (800 genes). These genes changed in expression mostly under
stationary phase, when nutrients were depleted from the media and the cells were
undergoing starvation.

#

524 VULNERABILITY AND ADAPTATION STRATEGIES OF PTEROPODS IN
THE CALIFORNIA CURRENT ECOSYSTEM
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Presenter: Nina Bednarsek, NOAA Pacific Marine Environmental Laboratory
Authors:

Nina Bednarsek, NOAA/PMEL; Richard Feely, PMEL; Jonathan Reum, ; Bbill
Peterson, NWFSC; Simone Alin, PMEL; Burke Hales, OSU

Abstract: The ocean uptake of anthropogenic CO2 has shoaled the aragonite saturation
horizon in the California Current Ecosystem, but only a few studies to date have
demonstrated widespread biological impacts of ocean acidification under present-day
conditions. Pteropods are especially important for their role in carbon flux and energy
transfer in pelagic ecosystems. In the California Current Ecosystem, conditions are
becoming increasing unfavorable for sustaining shell maintenance because of enhanced
dissolution. Our results show a strong positive correlation between the proportion of
pteropods with severe dissolution and the percentage of the water column that is
undersaturated with respect to aragonite. From this relationship, we are able to
determine the extent of dissolution for the pre-industrial era, 2011, and 2050. Our
calculations show that dissolution has increased by 30% since the beginning of the
industrial era, and could increase to 70% by 2050. Although dissolution is occurring in most
of the investigated pteropod species, some species have changed their daily vertical
distribution pattern by migrating to upper supersaturated waters to avoid corrosive
waters, a potential indication of an adaptation strategy to ocean acidification.

concentrations that are currently observed in the bottom waters of Hood Canal. Because
development rate significantly affects survival to adult, acidification has the potential to
influence krill populations and impact the food webs of the Salish Sea.

#

505 Swimming through the carbonscape: A zooplankton-centric view
of Puget Sound pH

Room:

276 Influence of elevated CO2 on the early life history of Euphausia
pacifica and Calanus pacificus
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Presenter: Anna McLaskey, University of Washington
Authors:

Anna McLaskey, University of Washington; Julie Keister, ; Amanda Winans,
University of Washinton; Paul McElhany, National Oceanic and Atmospheric
Administration; Shallin Busch, National Oceanic and Atmospheric
Administration; Michael Maher, National Oceanic and Atmospheric
Administration; Jonathan Lambert,

Abstract: Despite the ecological importance of crustacean zooplankton there is little
knowledge about how their populations will be affected by ocean acidification. The
copepod Calanus pacificus and the krill Euphausia pacifica are two dominant crustacean
zooplankton that are important prey species in the food webs of Puget Sound and the
North Pacific. We currently observe pCO2 levels of 1600 μatm in bottom waters of several
areas of Puget Sound and concentrations of 2400 μatm have been observed in southern
Hood Canal. These high CO2 levels are the result of both anthropogenic and natural
processes but the temporal and spatial extent of high CO2 waters are expected to expand
as atmospheric CO2 concentration increases. In this study we spawned C. pacificus and E.
pacifica at different pCO2 levels and monitored their hatching success and development of
the early life stages which are likely to be most vulnerable to stress. Our preliminary
results show that egg hatching in E. pacifica is robust to increased pCO2 across the range
of 400-3200 μatm pCO2. However, the proportion of hatched nauplii that develop to the
first feeding stage over seven days is significantly reduced at pCO2 levels of 1600 μatm
and greater. Egg hatching in C. pacificus is reduced at 2400 μatm pCO2 while the
proportion of nauplii that reach the first feeding stage over four days is reduced, but only
at high (3200 μatm) pCO2. Further work on C. pacificus at less extreme pCO2
concentrations is needed to resolve the pCO2 level where hatching begins to be affected.
These data suggest that E. pacifica populations may be more vulnerable to ocean
acidification than those of C. pacificus and its development is significantly slowed at CO2
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Authors:

Paul McElhany, National Oceanic and Atmospheric Administration; Tanika
Ladd, Western Washington Univeristy; Tarang Khangaonkar, PNNL

Abstract: Understand the carbon chemistry environment experienced by zooplankton in
Puget Sound is essential to predicting how ocean acidification will affect these species.
Puget sound has a spatially variable and temporally dynamic carbon chemistry
environment as a consequence of interacting physical and biological processes.
Zooplankton have complex movement patterns as a consequence of passive drifting,
active swimming toward or way from stimuli, daily vertical migrations (DVM), and density
dependent interactions. We used an individual-based approach to simulate movement of
several zooplankton species in a 3-d model of carbon chemistry dynamics in Puget Sound.
The unstructured-grid model includes hydrodynamics and water quality variables such as
nutrients and oxygen at spatial scales as small as ten meters (horizontal) and temporal
scales as small as minutes. We added carbon chemistry to the model using empirically
derived local relationships with oxygen, temperature and salinity. Zooplankton movement
was modeled for species that exhibit a variety of behaviors exhibited by Puget Sound
species. Model output consists of time series of carbon parameter exposure (e.g. pH) that
can be used to create realistic conditions for laboratory experiments and to assess
vulnerability of zooplankton species to current and future acidification. Vulnerability is a
function of exposure (addressed in this study) and sensitivity (addressed in lab
experiments). The exposure time series approach moves beyond simple assessment of
average conditions to consider species where peak exposures or rates of change in carbon
parameters may drive sensitivity.

#

568 EXTREME PCO2 VARIABILITY IN A MACROTIDAL EEL GRASS
MEADOW MEDIATED BY TIDAL AND DIURNAL CYCLES
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Presenter: Brooke Love, Western Washington University
Authors:
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Brooke Love, Western Washington University; Colleen O'Brien, Eckerd
College; Douglas Bulthuis, Padilla Bay National Estuarine Research Reserve

Abstract: It has been suggested that photosynthetic activity of macrophytes in coastal
areas can decrease pCO2 and may provide areas of refuge for organisms sensitive to
ocean acidification. To assess the effect of a large eel grass meadow on water chemistry,
discreet samples were collected hourly over several 24 hour cycles in Padilla Bay, WA.
Calculated pCO2 ranged from less than 100 ppm to greater than 700 ppm, often over the
course of only a few hours. Aragonite saturation, DIC and pH were also highly variable.
These data, weather station data and in-situ sensors(Padilla Bay National Estuarine
Research Reserve) were used to develop a model that estimates pCO2 for the summer
season. Tidal height and photosynthetically active radiation were the most significant
predictors of pH and pCO2, with Salinity and DO. Model estimates suggest that an even
wider range of pCO2 values are common in this estuary, especially in the early summer.
Data from a mooring in 20 meters of water over a kilometer from the intertidal eel grass
environment, provide some hints of the spatial extent of influence.
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244 The effects of elevated temperature and pCO2 on mussel
attachment strength in a field and laboratory setting
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Presenter: Laura Newcomb, University of Washington
Authors:

Laura Newcomb, University of Washington; Matthew George, University of
Washington; Michael O'Donnell, California Ocean Science Trust; Emily
Carrington, University of Washington

Abstract: Mussels form strong byssal threads to attach themselves to substrate in order to
survive in their hydrodynamic environment. In an aquaculture setting, weak attachment
leads to mussel fall-off, where lines once dense with mussels become bare, reducing farm
yields. Recent reports of increased fall-off events leads us to question how physical
stressors of ocean temperatures and pCO2, associated with ocean warming and
acidification, may affect attachment strength. Byssal threads are composed of three

Page 40 of 99

2014 Salish Sea Ecosystem Conference

Abstract Book: Presentations by Date, Time, and Session

functionally distinct regions connected in series, therefore the ability of multiple stressors
to work synergistically is dependent upon the region they affect. Our previous work
demonstrated elevated temperature weakens all thread regions, while elevated pCO2
affects only the adhesive plaques. In both the lab and field, we tested the hypothesis that
at warmer temperatures, temperature is responsible for thread weakening with minimal
effects of pCO2, and at cooler temperatures, high pCO2 conditions will weaken threads.
The field portion of this study was conducted at Penn Cove Shellfish Farm at Penn Cove on
Whidbey Island, WA. Here mussels (Mytilus trossulus) are farmed on vertical lines
reaching 7.3 m in depth. During certain parts of the year, water stratification leads to a
natural temperature and CO2 gradient with cooler, high CO2 water at depth and warmer,
low CO2 water at the surface. Monthly measurements of mussel tenacity were taken to
understand the relative effects of warming and CO2. In the lab, mussels produced threads
in temperature and pCO2 controlled aquaria for three days, after which, we measured
thread strength. Both studies show high temperature reduces byssal thread strength and
tenacity, masking the effects of pCO2. Future increases in ocean temperature and pCO2
could prove challenging to mussel aquaculture.

populations in Puget Sound. More recently we have developed global epigenetic and
proteomic approaches that could provide new insight into contaminant exposure and
physiological impact. The potential for epigenetic approaches to reveal xenobiotic
exposure will be discussed in a broader taxonomic framework as we are just beginning to
understand the landscape and function of epigenetic mechanisms such as DNA
methylation in shellfish. New approaches and application of shotgun proteomics will also
be discussed. Currently these approaches are not realistic solutions for routine monitoring
of nearshore water quality, but do offer an un-biased means to develop stressor specific,
simple assays for general use.
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527 Refined estimates of premature coho salmon spawner mortality
in Puget Sound urban basins in relation to landscape condition
and precipitation patterns
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422 PROTECTIVENESS OF AQUATIC LIFE CRITERIA FOR COPPER
AGAINST OLFACTORY AND BEHAVIORAL EFFECTS IN FRESHWATER
AND SALTWATER FISH
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Presenter: David DeForest, Windward Environmental
Authors:

David DeForest, Windward Environmental; Joseph Meyer, ARCADIS U.S., Inc.;
Robert Gensemer, GEI Consultants; Joseph Gorsuch, Copper Development
Association Inc.; Burt Shephard, U.S. Environmental Protection Agency,
Region 10; Jeanmarie Zodrow, ARCADIS U.S., Inc.; William Adams, Rio Tinto

Abstract: Stormwater runoff can result in episodic increases of copper concentrations in
receiving waters of the Salish Sea basin. Based on several laboratory studies
demonstrating that short-term exposures to low copper concentrations can cause
olfactory and behavioral effects in Pacific salmon and trout, there is concern that these
short-term increases in copper concentrations during storm events could be adversely
impacting salmon and trout populations. For example, copper-induced olfactory
impairment could potentially reduce the ability of juvenile salmon to avoid predators.
Although behavior and olfactory impairment are more sensitive endpoints than the acute
lethality endpoint commonly used for evaluating short-term exposures to chemicals, the
data available to-date indicate that ambient water quality criteria (AWQC) for copper in
freshwater are protective against both behavioral effects and olfactory impairment in fish,
particularly when the AWQC were derived using the freshwater biotic ligand model (BLM).
The BLM is a bioavailability-based model that predicts copper toxicity as a function of
several water chemistry parameters, including, dissolved organic carbon (DOC), pH,
alkalinity, calcium, and several other ions in freshwater. Less data on the olfactory and
behavioral effects of copper on saltwater species are available relative to that available in
fresh water. No experimental evidence available to-date indicates that copper
concentrations in marine waters at or below the current EPA marine AWQC for copper
(CMC = 4.8 µg/L, CCC = 3.1 µg/L) adversely affects the behavior of any marine fish species
tested. The pending draft BLM-based saltwater AWQC for copper also appear to be
protective against both behavioral effects and olfactory impairment (key water chemistry
parameters in the saltwater BLM are DOC, pH, and salinity). An evaluation of copper
concentrations in some representative receiving waters in the Salish Sea basin during
storm events, and comparisons to BLM-based copper criteria and behavioral and olfactory
effects thresholds for copper, will be presented.
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444 Genomic approaches to assessing ecosystem health
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Presenter: Steven Roberts, University of Washington
Authors:

Steven Roberts, UW, SAFS

Abstract: Shellfish are an important component of our ecosystems. As sessile filter
feeders, shellfish offer a valuable resource for revealing how the nearshore can be
negatively influenced by anthropogenic activity and natural processes. Research in our lab
focuses on using transcriptomic approaches to interrogate physiological responses, which
in turn provides important insight into environmental conditions. Several projects will be
presented including lab-based trials as well as efforts to characterize natural oyster
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Abstract: We provide an overview of a landscape ecotoxicology project with the goal of
identifying the causes of coho salmon (Oncorhynchus kisutch) spawner mortality that
occurs widely in urbanized streams throughout the Puget Sound lowlands. Urban stream
surveys since the late 1990s have shown that returning coho salmon spawners are dying at
high rates (e.g., 40-90% across a total run) before they can spawn. The weight of evidence
to date suggests that toxic urban stormwater runoff is the likely cause of the recurring fish
kills. Spawner die-offs at these high rates pose a potential threat to wild coho populations,
particularly in basins undergoing land use conversion in response to regional human
population growth. We previously used survey data from a limited number of Seattle-area
urban streams to identify a close correlation between the severity of coho mortality and
the proportions of impervious surfaces, roads, and commercial zoned property types
within a basin. These relationships were strengthened when rainfall patterns were
qualitatively incorporated into the analysis. To improve the predictive strength of our
analyses, we added spawner survey data from 50 additional monitoring sites. We also
explicitly incorporated precipitation patterns into the statistical modeling structure; used
dynamic representations of human population growth and associated changes in land
cover and land use; and, incorporated uncertainty into the model predictions. The
incorporation of additional sites improved model output confidence and also captured a
larger geographic area within Puget Sound. The time series for regional growth and
changing landscape patterns yielded a more precise coupling between observed coho
mortality and these covariates. Overall, our new analyses identified the potential interplay
between anthropogenic (e.g., development) and climatic (precipitation) drivers of coho
mortality. Consistent with other lines of evidence, our current results suggest that motor
vehicles are the likely source of an as-yet unidentified chemical (or chemical mixture) that
washes off the urban landscape into coho spawning habitats. We used our refined
analyses to predict likely hotspots for coho spawner die-offs in unmonitored basins across
a gradient of urbanization in central Puget Sound.
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582 Persistent Organic Pollutants (POPs) in the Puget Sound
Ecosystem: An evaluation of POPs in fecal samples of Southern
Resident killer whales
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Authors:

Jessica Lundin, University of Washington; Bernadita Anulacion, NOAA
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Ylitalo, ; Samuel Wasser,

Abstract: The Puget Sound ecosystem of Washington State has been riddled with human
impacts. Exposure to persistent organic pollutants (POPs) is listed as a primary risk factor
for the endangered Southern Resident killer whale (SRKWs, Orcinus orca) population that
resides in these waters. The objective of this study is to obtain real-time measures of POP
(PBDEs, PCBs, and DDTs) levels in SRKW scat (fecal) samples to quantify variations in
toxicant levels by pod, age, sex, reproductive status, and birth order, as well as prey
availability and year. Samples were collected using detection dogs that ride on the bow of
a boat and use scent to locate fresh scat on the water’s surface. Using this non-invasive
method we collected 267 samples over 4 years (2010-2013) across our 5-month study
period. In our validation study using samples from 14 individual whales, gas
chromatography/mass spectrometry was used to quantify contaminant levels,
reproductive and thyroid hormones measurements were measured by radioimmunoassay,
and species/individual was confirmed by DNA analysis. Significant correlations were
apparent between toxicant measurements in scat and previously analyzed blubber-biopsy
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samples from the same whale (n=7 unique pairs; ∑PCBs, r=0.75, p=0.05; ∑PBDEs, r=0.76,
p=0.05; ∑DDTs, r=0.92, p < 0.01). Consistent with blubber biopsy measurements, the
toxicant profiles in scat samples demonstrate significantly higher ∑DDT/∑PCB ratios in K
and L pods, known to forage off the California coast, compared to J pod (p=0.02 and 0.02,
respectively), and significantly lower (p < 0.05) levels of ∑PCB, ∑PBDE, and ∑DDT were
detected in reproductive age females compared to males and post-reproductive females,
adjusted for pod. These validated measures will be applied to all samples to investigate
temporal patterns and variations in toxicant levels relative to population demographics,
hormones measures, and environmental factors. Results are forthcoming and will be
presented at the conference.
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595 Symptoms of adult coho salmon pre-spawn mortality are not
produced by exposures to artificial mixtures of metals and PAHs.
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Authors:
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Abstract: Over the past decade, monitoring surveys in the greater Seattle area have
revealed anomalous behaviors among adult coho salmon returning to spawn in restored
urban streams. Behaviors included erratic surface swimming, gaping, fin splaying, and loss
of orientation and equilibrium. Affected fish died within hours, and female carcasses
showed high rates (> 90%) of egg retention. This phenomenon was termed coho prespawn mortality (PSM). From 2002-2012, rates of coho PSM ranged from ~ 30-90% in
monitored urban streams. The severity of PSM was closely associated with fall rain
events. Samples from affected coho exhibited evidence of exposure to metals and
petroleum hydrocarbons, both of which commonly originate from motor vehicles.
Geospatial analyses point to urban land uses, impervious surfaces and specifically road
density as being directly related to the levels of PSM across watersheds. This indirect
evidence suggests that metals and PAHs may be causing PSM. Therefore, during the
autumns of 2011 and 2012, we exposed adult coho recently returned to freshwater to
various mixtures of PAHs and metals to simulate motor vehicle road runoff. The chemical
cocktails targeted concentrations matching or exceeding those measured during storm
events in urban streams. Exposures of up to 2 days to the PAH and metal mixtures did not
produce PSM symptomology. The results suggest that while the specific contaminants in
the simulated runoff mixtures cannot be ruled out as contributing factors for coho PSM,
the tested mixtures alone were not sufficient to cause PSM symptomology.
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610 Oil spills and urban stormwater runoff: common threats to the
early life stages of fish in the Salish Sea
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Presenter: Nat Scholz, NOAA National Marine Fisheries Service
Authors:

Nat Scholz, NOAA-NMFS; John Incardona, NOAA/NWFSC

Abstract: Fossil fuels are a significant source of polycyclic aromatic hydrocarbon (PAH)
pollution in coastal watersheds and marine habitats throughout the Salish Sea. These
widespread chemical contaminants are highly toxic to the embryos and larvae of
freshwater and marine fish. This presentation will review NOAA oil spill research on PAH
toxicity, from the 1989 Exxon Valdez disaster in Prince William Sound to the 2010
Deepwater Horizon event in the northern Gulf of Mexico. Related threats to Salish Sea
fish species will be discussed, in the context of future (episodic) oil spills and the more
chronic ecological forcing pressure of non-point source urban stormwater runoff to fish
spawning habitats.
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How do we connect our knowledge of stream ecology to guide public policy and
management? Many federal, state, local and tribal governments in the US and Canada
collect benthic macroinvertebrate data to monitor stream health. The Puget Lowland
Benthic Index of Biotic Integrity (BIBI) is one of the primary tools used to measure stream
health and has also been identified as one of the PSP Vital Sign indicators. A key goal of
this session will be to illustrate the integration of science and policy surrounding the use of
biological data for decision making. Select presentations in this session will include
comments from a policy maker to reflect on the usefulness of the science after the
presentation.
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Abstract: Stream bioassessment protocols in the Puget Sound region have been developed
and applied by numerous local, tribal, and state jurisdictions since the early 1990s.
Numerous (>20) cities, counties, tribes and state agencies in the Puget Sound basin use a
multi-metric benthic macroinvertebrate index (Benthic Index of Biotic Integrity, B-IBI) to
report stream health. However, a variety of factors such as different sampling and analysis
methods made it difficult to compare and evaluate these data on a regional scale. The
primary goals of this project are to evaluate differences in sampling methods and to
enhance data analysis and data management tools to enable monitoring, reporting and
collaboration across watershed and jurisdictional boundaries. Data from more than 3,400
site visits at 950 sites were used to evaluate, recalibrate, and enhance the B-IBI. Side by
side samples were collected and analyzed to evaluate differences in sampling protocols.
Sensitivity of taxa attributes was improved using empirical data and best available science.
The B-IBI was rescored and recalibrated to reflect regional data and updated taxa
attributes. A standardized measure of stream condition is critical for regional prioritization
for restoration and protection, provides a tool to measure the effectiveness of
management actions, and provides a science-based performance measure for streams.
Enhancements to the B-IBI and associated data management tools will also strengthen the
application of the B-IBI as a Puget Sound Partnership “Vital Signs” indicator of freshwater
quality. An overview of this effort will be presented.

#

306 Using B-IBI to Identify Puget Sound Watersheds for Restoration
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Authors:
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Abstract: More than 20 organizations throughout Puget Sound have active biomonitoring
programs to assess stream condition using the Benthic Index of Biotic Integrity (B-IBI).
There has been a net decline in the biological condition of small Puget Sound streams
since 2007 as shown by B-IBI scores, a Puget Sound Partnership (PSP) vital sign indicator.
King County has been awarded funds from the Washington Department of Ecology to
identify and prioritize streams for protection and restoration, addressing two PSP Action
Agenda recovery targets. This project will develop a decision framework for prioritizing
restoration work, and will develop strategies and cost estimates to (1) preserve drainages
with “excellent” B-IBI scores and (2) restore 30 drainages from “fair” to “good” B-IBI
scores. Based on B-IBI scores from nearly 1,200 sites sampled between 1994 and 2013,
119 sites scored “excellent” one or more times, but only 28 sites averaged “excellent”. 642
sites scored “fair” one or more times and 452 sites averaged “fair”. Proposed criteria such
as watershed urbanization, basin area, forest fragmentation and other factors will be
presented for prioritizing and choosing which 30 streams or basins to restore from “fair”
to “good”. This prioritization process will give local jurisdictions the greatest chance for
implementing successful restoration and preservation actions that improve stream
condition as measured by B-IBI.
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299 Freshwater Bioassessment tools for the Puget Sound Basin:
Enhancing a science-based performance measure of stream
condition

450 Monitoring for Adaptive Management: Status and Trends
Monitoring of Aquatic and Riparian Habitats in the Lake
Washington/Cedar/Sammamish Watershed
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Presenter: Scott Stolnack, King County
Authors:
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Abstract: The 692 square mile Lake Washington/Cedar/Sammamish watershed, containing
over 1.4 million human inhabitants, is the most populous watershed in the state of
Washington. Yet despite its profound alterations, the watershed continues to sustain
several salmon stocks including two ESA-listed Chinook salmon populations. Watershed
and salmon conservation efforts are led by a collaborative Salmon Recovery Council
representing 27 local governments, citizens, non-profits, state and federal agencies. There
is strong support for the persistent collection of data to monitor watershed health and
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salmon recovery in the watershed. We will present results from a multi-year investigation
linking biological data to stream habitat, land use and hydrology trends in the watershed,
and discuss how this and other information is used to help adaptively manage salmon
recovery efforts in the watershed.

Room:

#

Abstract: Since 2008, Pierce County Surface Water Management (SWM) has issued an
annual Surface Water Health Report Card for selected waterbodies within the four major
watersheds in Pierce County. The report card grades each stream on a scale of "A" to "F"
based on a combination of Water Quality Index (WQI) and Benthic Index of Biotic Integrity
(BIBI) scores. The WQI and BIBI data are made available on the Pierce County public GIS
data portal. Also in 2008, SWM began to rate the degree of compliance of public and
private storm water management facilities on a scale of 1 to 5, with 1 and 2 representing
“significant non-compliance” and a 5 representing “exceeds requirements”. In the 2012
watershed health report card, SWM included an additional 14 streams and 2 lakes to the
30 streams and 6 lakes in previous report cards, for a total of 52 waterbodies. With the
addition of those streams and lakes, combined County-wide stream health was a C+ for
2012. For many streams in the County we have multiple years of BIBI and WQI data and
can begin looking for trends in stream health. Forty-one of the streams have both WQI
and BIBI data for two or more years. The majority of these streams are improving in water
quality, biological health, or both. Of these streams, 26 (63%) show an improving WQI
trend, 29 (71%) show an improving BIBI trend, and 18 (44%) show an improving trend for
both WQI and BIBI. Only four of these streams (10%) show a decreasing trend for both
WQI and BIBI. Concurrently, significant noncompliance has been reduced from
approximately 27% in 2008 to 8% in 2012. Pierce County SWM is using this analysis to
guide our watershed management actions. Through the “Raise the Grade” program we
have begun to focus extra time and resources on understanding and improving the water
quality and benthic invertebrate communities in the four declining streams. The 2014
“Raise the Grade” program will build on successes from the 2012 pilot program, which
resulted in increased report card grades in several streams. The program was awarded
the National Association of Clean Water Agencies’ 2013 National Environmental
Achievement Award. In 2014, the “Raise the Grade” program will include the four
declining streams, a marine embayment, and two streams that were included in the pilot.
SWM will conduct additional water quality and biological monitoring; develop action plans
based on identified limiting water quality and biological parameters; seek a crossjurisdictional review of workplans; provide focused source control inspections of potential
pollutant generating sources; provide focused illicit discharge investigations; provide
technical assistance workshops to homeowner associations; prioritize stormwater retrofit
projects; develop a public messaging and outreach plan; and coordinate efforts with the
local watershed councils and citizen groups.

547 Washington State Department of Ecology: Biological Assessment
Model Development and Use in State Regulatory Programs

Room:
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Date:
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11:15 AM - 11:30 AM

Presenter: Chad Brown, WA Dept of Ecology
Authors:

Chad Brown, Washington Dept. of Ecology; Chad Larson, Washington Dept. of
Ecology

Abstract: The focus of this presentation is to summarize the Department of Ecology’s
collection, model development, and regulatory use of macroinvertebrate community data.
Surface water quality standards for the State of Washington are developed and enforced
by the Department of Ecology. These rules to protect state waters are expressed as
numeric and narrative criteria in Washington Administrative Code 173-201A. Monitoring
data and information are compared to these criteria to determine compliance with the
standards. Water column monitoring data for numeric pollutant criteria do not always
provide sufficient information alone to detect water quality problems that may be related
to a combination of factors, such as flows from human actions, or streams that have been
physically altered. Biological evaluations can improve efforts to determine where, and the
extent to which, waters are impaired due to human actions. Ecology staff and others
collect biological information from rivers and streams throughout the state. Ecology’s
long-term monitoring program was established in 1993 to explore spatial patterns and
identify temporal trends in benthic macroinvertebrate communities. Since that time the
collection and use of this information has grown to include status and trend analysis, the
identification of impaired waters under section 303(d) of the Clean Water Act, and
compliance with wastewater discharge permits. This presentation first summarizes
Ecology’s development of macroinvertebrate monitoring programs, statistical models, and
protocols for sampling and stressor identification. We then discuss the challenges of
applying these data in a regulatory context to implement the CWA programs for which
Ecology is responsible, including the 303(d) list, Total Maximum Daily Loads (TMDL) and
wastewater discharge permits.
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530 Rewards, Challenges, Approaches and Solutions for Developing
the Soos Creek Bioassessment TMDL
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Date:
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Presenter: Tom Kantz, Pierce County Surface Water Management
Authors:

Tom Kantz, Pierce County Surface Water Management; Dan Wrye, Pierce
County; Carla Vincent, Pierce County

Presenter: Stephanie Brock, WA Dept of Ecology

Session: S-05D Marine Birds and Mammals of the Salish Sea: Identifying
patterns and causes of change II

Authors:

Room:

611/612

Chair:

Nathalie Hamel

Stephanie Brock, WA State Dept. of Ecology; Dave Garland, WA State Dept. of
Ecology; Joan Nolan, WA State Dept. of Ecology

Abstract: The focus of this presentation is to outline the development of Washington
State’s first bioassessment TMDL. Under section 303(d) of the Clean Water Act and
supporting regulations (40 CFR 130.7), states are charged with developing a list of
impaired and threatened waters requiring a Total Maximum Daily Load (TMDL). Impaired
waters are those not meeting one or more of the applicable Water Quality Standards,
including designated uses, narrative criteria and numeric criteria. If biological assessment
indicates a waterbody is impaired, the waterbody is included on the state’s section 303(d)
list and prioritized for TMDL development. The Soos Creek watershed has Category 5
listings for temperature and dissolved oxygen and the upcoming draft Water Quality
Assessment will have three Category 5 listings for bioassessment. The goal of this TMDL is
to protect the aquatic life uses through implementation of allocations that address
temperature, dissolved oxygen and aquatic health impairments in the basin. The aquatic
life uses being protected include the five species of Pacific salmon (Chinook, coho, chum,
pink and sockeye), steelhead and cutthroat trout, and a diverse benthic macroinvertebrate
community consisting of long-lived and pollutant intolerant species. The Clean Water Act
calls for an integrated strategy to restore the physical, chemical, and biological integrity of
surface waters. Bioassessment will enhance the DO and temperature TMDLs and provide
an important tool to measure improvements in the aquatic life use. This innovative
aquatic health TMDL consists of selecting a target B-IBI score to fully support beneficial
uses and develop hydrologic allocations and achievable implementation measures within
the Soos Creek watershed. The purpose of this presentation is to talk about the process,
challenges, approaches and solutions used to develop the first bioassessment TMDL in
Washington State.

#

356 The Pierce County Ambient Watershed Health Assessment
Program and “Raise the Grade” Program

Generated: 4/29/2014 11:54 AM

Date: 5/1/2014

10:30 AM - 12:00 PM

The second of two related and sequential sessions, this is a panel discussion with invited
experts that can speak to broader topics like oceanographic conditions, prey base, and
food web dynamics. The first session features presentations on distribution, abundance,
and mechanisms of change including human pressures.
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135 Spatio-temporal dynamics of Marbled Murrelet hotspots during
nesting in nearshore waters along the Washington to California
coast
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Presenter: Martin Raphael, USDA Forest Service
Authors:

Martin Raphael, USDA Forest Service; Andrew Shirk, University of
Washington; Gary Falxa, U.S. Fish and Wildlife Service; Scott Pearson,

Abstract: The Marbled Murrelet, Brachyramphus marmoratus, is a federally listed alcid
that forages in nearshore waters of the Pacific Northwest, and nests in adjacent olderforest conifers within 40-80 km of shore. To estimate abundance and distribution of
murrelets, we conduct at-sea surveys from May to July each year, starting in 2000 and
continuing to present. We record numbers of individuals sighted by using distance-based
transects and compute annual estimates of density after adjusting for detectability. Atsea transects are subdivided into 5-km segments, and we summarized mean and variance
of density at each segment in Puget Sound and along the coast from the Canadian border
South to San Francisco Bay. We used a boosted regression tree analysis to investigate the
contributions of marine and terrestrial attributes on murrelet abundance in each segment.
We observed that terrestrial attributes, especially the amount and pattern of suitable
nesting habitat in proximity to each segment, made the strongest contribution, but that
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marine attributes also helped explain variation in murrelet abundance. Hotspots of
murrelet abundance therefore reflect not only suitable marine foraging habitat but
proximity of suitable inland nesting habitat.
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581 Common risks among declining marine predators suggests
ecosystem change
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Presenter: Ignacio Vilchis, SIO/UCSD
Authors:

Ignacio Vilchis, SIO/UCSD; Joseph Gaydos, The SeaDoc Society; Christine
Johnson, ; Scott Pearson, ; Joseph Evenson, Washington Department of Fish
and Wildlife; Karen Barry, Bird Studies Canada; Peter Davidson, Bird Studies
Canada; Martin Raphael, USDA Forest Service

Abstract: Identifying drivers of ecosystem change in large marine ecosystems is central for
their effective management and conservation. This is a sizable challenge, particularly in
ecosystems transcending international borders, where logistical constrains can hinder
effective monitoring and conservation. In public health, epidemiology helps target goals of
preventive medicine by identifying risk factors of health-related states or events, and thus
better inform policy decisions. We use this approach in the Salish Sea—a 17,000-squarekilometer transboundary marine ecosystem in North America’s Pacific Northwest—to
discern risks increasing the likelihood of species undergoing population declines within a
community of marine birds, and thus pinpoint possible drivers of ecosystem change. Using
survey data from long-term monitoring programs run by federal, state and provincial
wildlife agencies as well as citizen science, we identified specific foraging strategies and
natural histories linked with declines in Salish Sea winter counts among 39 taxa of marine
birds. We found that species most at risk of experiencing declines were pursuit divers that
specialize on forage fish species for prey, such as common murres (Uria aalge) and
western grebes (Aechmophorus occidentalis). Life at sea is intrinsically perilous for most
marine bird species, and while the synergy of a combination of risk factors is most likely
driving declines of diving birds in the Salish Sea, changes in the availability of low-trophic
prey may be increasing the challenges diving birds face. This synthesis of long-term
ecological monitoring using an epidemiological framework can help elucidate potential
drivers of local extinctions and ecosystem change in large marine ecosystems—
information that is paramount for species-specific and ecosystem-wide conservation.

Authors:

Abstract: Since the 1970s when the Center for Whale Research initiated a long term
population census, Southern Resident killer whales have fluctuated from 74 to 97
individuals (the current population size is approximately 80). Demographic fluctuations
impact small populations, but the demographic variation in SRKW has also been driven by
the recovery of the population from the large removals of young animals prior to 1973.
External factors are also thought to contribute to the observed cycles and trends in SRKW;
while several interacting mechanisms may be responsible, the data most strongly support
a link between killer whales and their food (salmon), and this pattern is repeated across
several other populations of resident killer whales in the NE Pacific. Our understanding of
links between killer whales and their prey has increased over the last 3 years and
continues to evolve. The focus of this talk will be on updating knowledge on these
linkages, highlighting (1) correlations between killer whale demography and Chinook
salmon biomass, (2) increasing the number of scale and tissue samples recovered from
feeding events in other parts of their range with incorporation of fecal? and stable isotope
data, (3) increased resolution of winter habitat use from the integration of data from
satellite tagging, acoustic recorders, and sightings.
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666 A century of change in trophic feeding level in diet specialist and
generalist marine birds of the Salish Sea
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Authors:

Peter Arcese, ; Ryan Norris, Univ. of Guelph; Louise Blight, ; Keith Hobson,
Environment Canada; Scott Wilson, ; Elsie Krebs, Environment Canada

Abstract: Despite our lack of long-term data on the population dynamics and abundance
of the vast majority of the world’s birds, stable isotope analyses of feathers from museum
skins collected over a century or more provided us with a novel opportunity to: 1)
compare centennial patterns of change in trophic feeding level in specialist and generalist
marine birds in the Salish Sea, 2) test if diet specialization and change in trophic feeding
level are linked, and 3) identify mechanistic links between diet specialization and regional
abundance and potential historic baselines. Specifically, we used isotopic values (δ13C,
δ15N) from western grebe (Aechmophorus occidentalis), marbled murrelet
(Brachyramphus marmoratus) and glaucous-winged (Larus glaucescens) gull feathers to
test how each species responded to documented and presumed changes in forage fish
abundance in the Salish Sea from the 1880s to present. Isotopic signatures indicated ≥
60% declines in trophic feeding level in murrelets and gulls, which exhibit moderately and
very broad diets, respectively. In contrast, we observed no change in trophic feeding level
in grebes, which specialize on 40-60cm pelagic forage fish in winter, have declined ≥ 95%
in the Salish Sea since 1970, but have increased ≥300% in coastal California. We compile
recent demographic studies of murrelets, gulls and grebes to suggest that each of these
marine predators have all responded strongly to human and climate-related change in
forage fish abundance over the last century in the Salish Sea, but that diet specialization
has affected how those changes have been reflected in long-term patterns of abundance
and distribution.
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113 Factors affecting Southern Resident killer whale growth and
recovery
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Generated: 4/29/2014 11:54 AM

5/1/2014

11:15 AM - 11:30 AM

Date: 5/1/2014

10:30 AM - 12:00 PM

Presentations will focus on multi-disciplinary monitoring to inform performance metrics
for large freshwater floodplain restoration sites. The unique challenges facing large site
monitoring both in the science and in the field will be addressed.
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565 Expect the Unexpected – Monitoring geomorphic changes and
evaluating overall effectiveness in meeting project goals and
objectives in highly dynamic alluvial environments – Part 1:
Hydraulics and Sediment
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Presenter: Peter Arcese, University of British Columbia

Measuring Floodplain Rehabilitation Success to Inform
Decision Making: A case study from Hansen Creek, Skagit
County
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Brad Hanson, ; Eric Ward, NOAA, Northwest Fisheries Scie; Mike Ford, ; sandie
O'Neill, ; Ken Balcomb, Center for Whale Research

Ian Mostrenko, Herrera Environmental Consultants, Inc.; Lauren Rich, Upper
Skagit Tribe

Abstract: The foundation for the design of the Hansen Creek Floodplain Restoration
project was a holistic approach to restore floodplain connectivity and natural geomorphic
processes. Of primary importance was to restore the alluvial fan’s ability to store
sediment, form distributary channels into the floodplain wetland, and create naturally
forming habitat without a “heavy-hand” engineering footprint. The design approach relied
on natural hydraulic forces creating the distributary channels and complex habitat features
rather than a structured and engineered floodplain and associated channels. Design
features included passively activated distributary channel avulsion points and limited
floodplain grading to provide a general flood flow direction. This generalized grading plan
provided for spatially varying floodplain inundation levels to support the proposed
revegetation mosaic, provided micro-topographic complexity, maximized potential shallow
water edge habitat for salmonids, and focused the flood flows in certain “paths” to
optimize the placement of LWD structures that could be afforded within the available
project construction budget. But was it enough? Should the project have been phased
differently? If so, how can large projects such as this with longer implementation
schedules be effectively funded? Is the alluvial fan functioning as planned? Did we meet
the project objectives? What metrics or measurements should you use to monitor
“success” from a geomorphic perspective when the outcome is based on random
hydrologic events and complex processes at alluvial fans? Sediment deposition at the
Hansen Creek Floodplain Restoration site has been extensive since construction was
completed, but not uniform across the site. This seriously limits the analysis of channel
and floodplain topographic cross section data. Is more detailed topographic analysis
required? How do you fund longer term monitoring that is controlled by random
hydrology, without a set monitoring schedule? This presentation will discuss these
questions relative to the design objectives, design features, hydrologic inputs, how the
project has performed to date with regard to sediment storage and creation of
distributary channels, and issues associated with monitoring restoration progress at this
site to help guide future projects with similar challenges.

#

567 Expect the Unexpected – Monitoring geomorphic changes and
evaluating overall effectiveness in meeting project goals and
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objectives in highly dynamic alluvial environments – Part 2:
Geomorphic change, LWD, and physical habitat
Room:

613/614

Date:
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Presenter: Christina Avolio, Herrera Environmental Consultants
Authors:

Christina Avolio, Herrera Environmental Consultants, Inc.; Lauren Rich, Upper
Skagit Tribe

Abstract: This presentation will describe detailed geomorphic and physical habitat
observations and monitoring data collected since construction of the Hansen Creek
Floodplain Restoration project. Data collected for bedload sediment, large woody debris
(LWD), salmonid edge habitat, and channel evolution will be discussed. The previous
presentation will discuss challenges related to project planning and funding, while this
presentation provides more detailed data, lessons learned, and considerations for
monitoring of future projects. Geomorphic changes at the Hansen Creek Floodplain
Restoration site occurred immediately after project construction due to higher than
average sediment loading associated with a large flood event in 2009. Since the newly
planted riparian vegetation had not yet become established, early distributary channel
evolution and edge habitat creation in the alluvial fan and wetlands was more strongly
influenced by the sediment supply volume and deposition locations, as well as the density
of placed LWD structures. In subsequent years with less than average sediment loading,
wetland channel evolution has been influenced more by local hydrologic patterns and
quickly establishing vegetation. How do we arrive at these conclusions and on what types
of observations can we base our understanding of the important relationships between
geomorphology and physical habitat so that we can better evaluate success and inform
future designs? For Hansen Creek, challenges arose in how, when, and where to collect
and compare physical habitat monitoring data for pre- and post-project conditions given
the spatial and temporal variability of the geomorphic changes the project area was
expected to experience after construction. What is the value in using standard geomorphic
or habitat monitoring protocols to compare apples and oranges? Further, how do you
prioritize monitoring options with little to no monitoring budget? This presentation
discusses the methods and results of early geomorphic and physical habitat monitoring for
the Hansen Creek Floodplain Restoration project with a goal of better tailoring monitoring
strategies to evaluate restoration success in a highly dynamic alluvial environment.
Lessons learned from this project site can be a basis for monitoring in other dynamic
alluvial environments.
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158 Vegetation monitoring and adaptive management: can we just
plant it and forget it?
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204 Salmonid early response to restored freshwater floodplain

Room:

613/614

Date:

5/1/2014

11:15 AM - 11:30 AM
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Authors:

Erin Morgan, Wetland Ecosystem Team, Univ. of Washington School of
Aquatic & Fishery Sciences; Jeff Cordell, University of Washington; Lauren
Rich, Upper Skagit Tribe

Abstract: Shortly after the construction of the Hansen Creek floodplain restoration project
in 2010-2011, we conducted a pilot study of the initial use of the site by juvenile salmonids
and the early development of invertebrate communities. We found that juvenile Coho

Generated: 4/29/2014 11:54 AM
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Jeff McGowan, Skagit County Public Works; Lauren Rich, Upper Skagit Tribe

Abstract: Since 1955, Skagit County has been involved in flooding and sediment issues
concerning Hansen Creek. Some form of sediment removal has been the response to
localized flooding in the lower portion of the Hansen Creek Watershed. In 1982, at the
request of flooded landowners, a Sub-Flood Control Zone was formed. Skagit County will
present data on the costs of maintenance dredging and responding to emergency flooding
over the 1997-2007 10-year period and also savings to both the County and landowners
from the time when the floodplain project was implemented. Since the completion of the
Hansen Creek Alluvial fan project in 2010 there has been no expenditure of County
assessment funds toward on-the-ground Hansen Creek flood control or channel
maintenance. In 2010 the Hansen Creek Sub-Flood Control Zone was abolished mainly due
to the establishment and success of the Hansen Creek alluvial fan. The success of the
Hansen Creek alluvial fan project in attenuating the amount of sediment delivered
downstream and in reducing the frequency, height, and duration of downstream flooding
has resulted in collaboration between downstream landowners, Skagit County, and the
Skagit River System Cooperative to develop additional floodplain rehabilitation. This
downstream reach of Hansen Creek is currently a plane bed channel isolated from its
floodplain by berms. The channel is almost entirely straightened and is devoid of any
instream features (i.e. woody debris, boulders). Skagit County will highlight, based on the
2002 Hansen Creek Watershed Management Plan, the actions and modeling
recommendations being advanced to further mitigate flood impacts in the lower Hansen
Creek Watershed and restore natural resource benefits to the ecosystem.

#

Lisa Hainey, Upper Skagit Indian Tribe; Lauren Rich, Upper Skagit Tribe

Abstract: Native plant revegetation was a key component of the Hansen Creek floodplain
habitat restoration, with over 90,000 plants installed in the 140-acre site. Quantitative and
qualitative data will be presented showing the development of riparian cover and its
effects on water temperature. The creek prematurely avulsed from its historically-diked
channel in 2009 and 2010, reconnecting with its historic floodplain and forming meanders
and braids throughout the east wetland portion of the project almost immediately.
Additional sediment mobilization events deposited almost a foot of new sediment in
portions of the wetland. Floodplain re-activation and the resulting episodic disturbances,
sediment transport events, and hydric influences have affected the native and invasive
plant communities in this dynamic floodplain environment. Native plant recruitment, seed
dispersal, and suitable microhabitat conditions are critical to the long-term success and
sustainability of floodplain projects. The presentation will offer preliminary conclusions
and suggestions for future efforts, including recommendations for adaptive management,
early project establishment data metrics, level of effort and timing. The constraints and
advantages of various methods for assessing large scale revegetation successes, as well as
the effectiveness of several weed removal methods and treatments, will also be discussed.

#

#

11:00 AM - 11:15 AM

Presenter: Lisa Hainey, Upper Skagit Indian Tribe
Authors:

salmon collected from the restored floodplain during periodic inundation events had
higher instantaneous rations (a measure of feeding intensity) than Coho collected during
regular monthly sampling in the creek channels. The floodplain site also had consistently
higher insect abundances. Applying the data and lessons learned from the pilot study, we
undertook a more comprehensive 13-month study of Hansen creek and its restored
floodplain in 2012 and 2013. We conducted snorkel surveys and electrofishing in pools and
riffles in both diked and newly restored habitats within the project site and at a reference
area. Diets of juvenile Coho and Steelhead and Cutthroat trout were collected, as well as
invertebrates from neuston net samples and fallout traps. In this talk we discuss salmonid
distribution seasonally and by reach, compare salmonid diets (prey quantity and quality)
among different creek reaches and floodplain habitat, and evaluate the relationship
between salmonid diets and invertebrate results.

434 Hansen Creek Alluvial Fan and Wetland Restoration Panel
Discussion
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Presenter: Lauren Rich, Upper Skagit Tribe
Authors:

Lauren Rich, Upper Skagit Tribe; Lisa Hainey, Upper Skagit Indian Tribe

Abstract: The session and project team for the Hansen Creek alluvial fan and wetland
restoration project realize it is essential to capture ideas, share lessons and garner
knowledge in an interactive forum that will inform the science, efforts and discussion on
floodplain restoration for the Puget Sound. Significant large scale freshwater floodplain
restoration has been seriously past due, considering all the knowledge available on the
habitat needs of salmonids and other species as well as the advantages for flood
management. A lot of information is available for understanding what can be expected
with re-opening stream channel habitat, but not so for the floodplain. The 140-acre
Hansen Creek floodplain restoration has provided an opportunity to employ standard
habitat metrics, while realizing that there has been insufficient funding support to develop
more definitive data for some of the most key or critical metrics that will gauge project
success. The presenters in this session will have highlighted the basis for the project, the
design and construction approach, and the information that has been garnered from post
construction monitoring (largely unfunded). There are no funds from any project funder or
from the Puget Sound Partnership at this time to carry this critical work forward. We will
wrap up the session with the presenters identifying the key future metrics that need to be
captured to inform the science of hydro-geomorphic design success, the science of fishery
abundance and productivity and the recommended approach and/or needs for capturing
large scale ecological system/habitat restoration metrics at efficient costs and effort. We
will open the session to the audience to capture the important interchange and discussion
from everyone to best inform project monitoring for the funding agencies, the public and
the professional experts across the restoration disciplines. The moderator and panel will
finalize the lessons learned in a final collaborative summary from and for the conference.
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Ecosystem restoration: Geomorphic context, design
considerations and success stories

Room:

602/603

Chair:

Greg Hood

Date: 5/1/2014

10:30 AM - 12:00 PM

multidisciplinary efforts into unified interdisciplinary science. Here, we use lessons
learned from early results of the Nisqually River Delta restoration to discuss restoration
science in planning processes, funding costs and approaches, monitoring versus applied
studies, and advancing interdisciplinary findings from multidisciplinary efforts.

#
#

176 Geographic variation in Puget Sound tidal channel geometry:
Developing a tool for restoration planning, design, and monitoring
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Presenter: Greg Hood, Skagit River System Cooperative
Authors:

153 Some tidal marshes on the Fraser River delta are
disappearing…fast

Room:
Authors:

Greg Hood, Skagit River System Cooperative

Abstract: Effective tidal marsh restoration requires the ability to predict the outcomes of
proposed restoration actions. Tidal channels are central elements of marsh
hydrodynamics, sediment dynamics, and habitat, so GIS was used to digitize tidal channels
from aerial photographs of Puget Sound river delta marshes and develop allometric
models of channel geometry that predict the number and size of tidal channels that could
develop following marsh restoration through dike breaching or removal. Tidal marsh area
was the independent variable for all dependent channel planform metrics. Tidal channel
allometry showed similar scaling exponents for channel planform metrics throughout
Puget Sound, which simplified comparisons between locations. Y-intercepts of allometric
relationships showed geographic variation in channel geometry, which multiple-regression
analysis indicated was associated with tide range and storm-significant wave height.
Channel size and complexity were positively related to tide range and negatively related to
wave height. Closer examination of four case studies, each with paired regions of similar
tide range and contrasting wave environments, further indicated wave environment
affected channel geometry. Wave-mediated sediment delivery may be the mechanism
involved, with wave-sheltered areas experiencing relative sediment deficits such that
some tidal marshes in Puget Sound are already suffering sea level rise impacts that are
reflected in their channel network geometry. Allometric models of channel planform can
provide useful guidance for marsh restoration planning, design, and monitoring. For
example, scaling exponents > 1 indicate non-linear cumulative effects of restoring tidal
marsh area on total channel length and surface area, which likely has numerous
implications for decision making, including asset allocation among and within potential
restoration projects, and negotiations with stakeholders.
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5/1/2014

11:15 AM - 11:30 AM

Presenter: Sean Boyd, Environment Canada
Sean Boyd, Environment Canada

Abstract: Large areas of intertidal marsh on the Fraser River delta, B.C. have disappeared
in recent decades. The monotypic bulrush zone off Lulu Island has receded by 350-400 m
between 1989 and 2011, equivalent to a mean annual loss of 16-18 m. Measurements at
other locations suggest relatively high losses at Brunswick Point but lower losses at
Westham Island. The loss of primary production is cause for concern given the importance
of marshes to the ecology of the Fraser River estuary, both directly to herbivores and
indirectly via the detrital food chain. Two potential factors contributing to the losses,
especially at Lulu Island, might be: 1) rising sea levels and 2) sediment diversion. Sea levels
are rising at a rate of ca. 0.6 cm y-1 and the resulting increases in inundation/exposure
ratios and higher salinity levels may be causing higher than normal mortality rates at the
leading edge of the marsh. In addition to the Steveston North Jetty that for decades has
been diverting sediments from the main arm of the Fraser River directly into the Salish
Sea, ca. 2.5 million m3 y-1 of sand are being dredged out of the system every year; hence,
it is highly unlikely that the tidal platform is being “fed” with sediments at the same rate as
in historical times. Finally, some other factor such as the Pacific decadal oscillation may be
acting in concert with the above to enhance marsh losses. The slope of the marsh platform
is very shallow so only small changes in some important vertical component can result in a
large differences in the horizontal (area).
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589 Designing local benefits to generate basin-wide gains for Puget
Sound
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410 Progressing from multidisciplinary to interdisciplinary restoration
science: monitoring and applied studies on the Nisqually River
Delta
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Authors:

John Takekawa, USGS; Kelley Turner, ; Isa Woo, USGS; Christopher Ellings,
Nisqually Indian Tribe; Sayre Hodgson, Nisqually Indian Tribe; Jennifer Cutler,
Nisqually Tribe; Jesse Barham, ; Stephen Rubin, USGS; Aaron David, ; Eric
Grossman, U.S. Geological Survey; Guy Gelfenbaum, US Geological Survey;
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Survey; Jean Takekawa, FWS; Lisa Belleveau, USGS; Peter Swarzenski, USgs;
Robert Kayen, USGS; Anna Davenport, SFSU

Abstract: Restoration science is often described as an ultimate test of ecological theory;
assessing the value of restoration actions is challenged by difficulties in measuring
complex interactions between restored physical processes and the response of biological
resources. Yet, demonstrating the value of restoration is a key to sustaining future public
investment, especially in light of uncertainty of future climate change effects. At the
Nisqually River Delta, a restoration partnership between the U. S. Fish and Wildlife Service
Nisqually National Wildlife Refuge (Refuge), the Nisqually Indian Tribe (Tribe), and Ducks
Unlimited culminated in re-established tidal flow to 360 ha of historic floodplain and delta
representing the largest estuarine restoration in the Pacific Northwest. Restoration of this
large delta was expected to result in a substantial improvement in ecological functions and
services in southern Puget Sound. The goal of our scientific team, led by the U. S.
Geological Survey (USGS) for the project partners, was to assess the biophysical response
to restoration. Science objectives were built into a monitoring framework to include
hydrodynamics, geomorphology, sedimentation and nearshore processes with vegetation,
invertebrate food resources, waterbird, and fisheries. Our science partners included the
U. S. Geological Survey, Refuge, Tribe, non-governmental organizations, and universities
representing several disciplines. Funding the science was challenging, since as with most
wetland restoration projects, adequate funds are rarely included in costs. Instead, the
managers and scientists worked together to raise funds through special funds and
competitive grants including addressing climate change. With this funding model, a major
challenge for the team was communicating and sustaining a vision to make separate
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Authors:

Mark Buckley, ECONorthwest

Abstract: Protecting and improving ecosystems for Puget Sound and the Salish Sea as a
whole requires planning and implementation at the basin scale. But individual projects
have local opportunity costs and support requirements. So local benefits must be part of
project design for long-term success. I review successfully funded and implemented Puget
Sound conservation and restoration projects that have achieved this by taking into
account local benefits, including non-ecological benefits. These include restoration in the
Skagit Delta that also provides benefits to farmers, green stormwater infrastructure in
Seattle that provides energy and aesthetic benefits to homeowners and businesses, and
levee setbacks along the Green River that provide flood protection and local recreation.
These successful projects demonstrate how designing for multiple benefits can bring to
bear more resources, including land and funding, than single-objective projects alone.
They reveal economic principles and a framework for identifying the types of benefits that
can be the difference between success and failure for projects with broad Puget Sound
objectives. Designing for, identifying and quantifying benefits in measures that directly
relate to local scarcities can be the most efficient, or the only feasible means in some
contexts. This approach can not only avoid conflict, but stimulate cooperation and
contribution of effort and resources from diverse stakeholder groups. This approach can
seem inefficient or even “pork barrel” by utilizing funds for local objectives that are
intended for broad goals. But through careful evaluation of cost and benefits and how
local behaviors contribute to success or failure, this local approach can generate the most
feasible benefit per public dollar spent.

#

250 Using Ecological and Geomorphic Indicators to Determine
Nearshore Restoration Design Parameters

Room:

602/603

Date:

5/1/2014

11:45 AM - 12:00 PM

Presenter: Jose Carrasquero, Herrera Environmental Consultants
Authors:

Jose Carrasquero, Herrera; Jeff Parsons, Herrera; Lisa Kaufman, Northwest
Straits Foundation; Paul McFarland, DNR

Abstract: Determination of excavation and fill removal limits are always difficult in
nearshore restoration projects. Degree of site subsidence, and complex interactions of
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waves, tides, and tidal currents, and fluvial inputs, can obscure definitive estimates of
future high water marks of different types of water (fresh water, salt water, etc.). In the
case of salmon restoration projects, however, often the target is not necessarily an
elevation, but rather a target species of vegetation, which has site-specific elevation
preferences. At Secret Harbor, vegetative indicators were used in conjunction with water
level measurements to determine final grading elevations. Because of the remote location
of the site, and unusual topographic features defining it, there was not a close tide gage to
determine tidal elevations. The fluvial input to the site further complicated matters.
Because of a degraded dike, a small area (approximately 100 square feet) of the marsh to
be restored was subject to tidal inundation and had remnant marsh vegetation
(pickleweed). The limited presence of pickleweed was particularly valuable to validate the
water level measurements. It also was helpful during construction as it provided the
contractor a convenient check on the grading elevations. Post project monitoring indicates
that the marsh elevation is set correctly – regularly inundated on high tides in the winter,
but not during the summer. In addition to the vegetation clues, landward extent of the
marsh was apparently constrained by a tall (3-5 feet) existing road prism. Here the road
prism was cored and found to have large amounts of woody debris a small distance (one
foot) below the elevation of the road. In addition to its curvelinear shape and the presence
of similar features elsewhere in the central Salish Sea, it was determined that this feature
was a former beach berm and likely predated development; thus providing a natural
landward limit for the marsh.

presented an opportunity to replace vertical featureless walls with more complex and
productive habitat. Several years before the new seawall was designed, the City of Seattle
invited University of Washington biologists to participate in developing concepts for
improved seawall habitat. This resulted in collaborations with several City of Seattle
departments, during which we designed, deployed, and evaluated large habitat panels that
tested several types of slopes and textures. Four years of monitoring algae, sessile
invertebrates, and epibenthic organisms demonstrated that important biological
“ecosystem engineers” benefited from adding texture and relief to seawalls. For example,
compared to simple flat treatments and the existing seawall, recruitment of mussels was
increased on panels with cobble texture, and rockweed was more abundant on high relief
“finned” and “stepped” panels. Species richness of biota was also higher on surfaces with
higher habitat complexity. This project represents a successful test of ecological
engineering concepts, and the findings are being incorporated into the seawall that is
currently being built. The City’s 10-year monitoring and adaptive management plan will
allow for continued evaluation of these types of habitat enhancements on a larger scale.
Invited comment: Mark Mazzola, Environmental Manager for the Seattle Department of
Transportation

#

142 How we decide -- closing the distance between ecology and
project management

Room:
Session: S-05G Beyond the Numbers - How science informs decisions to
catalyze action
Room:

6E

Date: 5/1/2014

Chair:

Leska Fore and Jason Toft

10:30 AM - 12:00 PM

Scientists expect that their science will be useful for resource management, but in
practice, much science goes unnoticed by those who make important ecosystem policy
and restoration decisions. This session will pair the scientist with the decision maker to
show how scientific data and analysis can be used to inform meaningful and effective
management.

#

552 Juvenile Chinook salmon monitoring in the Skagit estuary:
application of results at various scales

Room:

6E

Date:

5/1/2014

10:30 AM - 10:45 AM

Presenter: Eric Beamer, Skagit River System Cooperative
Authors:

Eric Beamer, Skagit River System Cooperative; Correigh Greene, NOAA
Fisheries; Joelene Boyd, ; Betsy Lyons, WA Dept of Fish and Wildlife

Abstract: We show how monitoring the response of juvenile Chinook salmon to estuary
restoration in the Skagit tidal delta occurs at multiple nested scales; each scale having
potentially different end users of results. All scales and end users are necessary for
successful salmon recovery plan implementation. Monitoring at the restoration project
scale identifies how well an individual project is performing compared to its objectives.
Local stakeholders use project level monitoring results for adaptively managing a project
over its life. However, monitoring of individual projects within the context of a larger plan
can also play a role in filling data gaps for a watershed or region. We provide an example
for a regional learning objective related to self regulated tidegate structures. Monitoring
at the watershed scale follows a plan for salmon recovery. In the case of the Skagit, the
guidebook is the Skagit Chinook Recovery Plan. An individual restoration project is only
one of many in the Skagit estuary; all are necessary to achieve the plan’s goals. We show
Skagit estuary restoration progress to date and the benefit these projects are having on
Skagit Chinook salmon populations. The stakeholders using watershed level monitoring
results operate at the watershed and regional level and are interested in the success of
watershed salmon recovery plan implementation. Monitoring at the watershed scale also
needs to fit within a regional framework for monitoring and salmon recovery plan
implementation. We show how the Skagit’s monitoring indicators fit within the framework
for development of monitoring and adaptive management plans for Puget Sound Chinook
Recovery for two ecosystem components (Chinook salmon, estuaries).

#

368 Adding Texture and Relief to Seattle’s New Seawall, an
Application of Ecological Engineering

Room:

6E

Date:

5/1/2014

10:45 AM - 11:00 AM

Presenter: Jeff Cordell, University of Washington
Authors:

Jeff Cordell, University of Washington; Jason Toft, University of Washington

Abstract: The aftermath of the 2001 Nisqually earthquake revealed that Seattle’s seawall
was decaying and in need of replacement. The resulting seawall replacement project
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6E

Date:

5/1/2014

11:00 AM - 11:15 AM

Presenter: Paul Cereghino, NOAA
Authors:

Paul Cereghino, NOAA

Abstract: Restoration Ecology is a multi-disciplinary academic discipline documented by
decades of literature, and referencing a century of ecological theory. However, on-theground restoration efforts are usually led by small workgroups, through daring financial
and administrative gymnastics, surrounded by an often contentious public melee, under
the supervision of a gaggle of financial backers. These incremental restoration efforts are
commonly dwarfed by the surrounding economic and cultural activities of our
communities, and understood by few. We like to talk ecology, but we walk in a humandominated world. I propose that social system dynamics determine the effectiveness of
restoration efforts. Social systems that are able to sustain a shared and accurate
understanding of an ecosystem are better able to navigate the restoration challenge. This
shared and accurate understanding of a specific ecological system needs to be sustained
through a long sequence of capital project decisions. I will deconstruct some observed
social challenges in restoration decision making, examine the unspoken social assumptions
underlying adaptive management, and explore some social mechanisms through which the
Estuary and Salmon Restoration Program is struggling to affect restoration
implementation. I suspect that effective mechanisms for self-governance within technical
and scientific communities are a significant barrier to effective restoration.

#

251 Shoreline Monitoring Toolbox: Development and Goals for
Implementation

Room:

6E

Date:

5/1/2014

11:15 AM - 11:30 AM

Presenter: Jason Toft, University of Washington
Authors:

Jason Toft, University of Washington; Kate Litle, Washington Sea Grant; Joleen
Palmer, Stillwaters Environmental Center

Abstract: Shoreline monitoring is often a desired or required goal by volunteer groups and
local entities, but protocols and guidelines can be hard to find and misleading if not used
appropriately. We will present the initial developments of a Shoreline Monitoring
Toolbox, an idea that progressed from its original concept at the Shoreline Restoration
Monitoring Consortium in June 2013. Among the issues are the needs of local entities for
a standardized approach for monitoring and a “toolbox” of protocols and information.
Emphasis is placed on methods that are simple and affordable, and that can be used for
monitoring restoration sites, establishing baseline conditions, and evaluating status and
trends and preservation efforts. The toolbox is coordinated with the PSEMP Nearshore
Work Group in order to establish a foundation of technical expertise. Most of the effort
so far has been to (1) organize a decision tree that will help guide monitoring choices, and
(2) organize protocols that are not well known or might be lost if not in digital form. The
goal is to provide the toolbox as a web-based platform that will build upon other resources
to fill gaps of monitoring needs. In this process, science will help inform decisions to
catalyze action by (1) providing effective guidance for how to monitor, (2) informing
groups on how to move forward in their goals, and (3) providing a feedback loop of
completed projects that can inform future projects. An example will be given of how
completed restoration monitoring at the Olympic Sculpture Park (Seattle, WA) was useful
to guide local shoreline planning, but the technical methods were difficult to apply when
taken out of context to other efforts such as at Carpenter Creek Estuary (Kingston, WA).
Invited comment from the Stillwaters Environmental Center will discuss how volunteer
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monitoring efforts were established, and how a toolbox would have and hopefully will
better organize monitoring efforts in the future.

Room:
Authors:

#

342 Meta-Analysis of Project Effectiveness: Learning at the Regional
Scale

Room:

6E

Date:

5/1/2014

11:30 AM - 11:45 AM

Presenter: Constance Sullivan, Puget Sound Institute
Authors:

Constance Sullivan, Puget Sound Institute; Leska Fore, Puget Sound
Partnership; Scott Collyard, Washington Department of Ecology

Abstract: Many regional monitoring programs are designed to answer questions about the
effectiveness of restoration or management actions. How do we evaluate regional
effectiveness of restoration efforts from project scale studies? Regional decision-making
depends on results from local-scale projects. Statistical meta-analysis provides a method
for determining which restoration actions are the most effective. Meta-analysis is widely
applied in other fields to evaluate the effectiveness of medical treatments and educational
programs. We define an effectiveness study as one in which monitoring data are collected
before and after a restoration action. Many examples of effectiveness monitoring studies
exist in Puget Sound, including projects to reduce pollutants or contaminants in rivers,
nearshore areas, and sediment. Other examples include projects designed to restore
habitat such as riparian forest or estuarine areas. Project success may be measured in
terms of improved water quality, reduced toxics, or increased fish use. Meta-analysis
provides a framework for comparing across studies and across restoration endpoints that
use different response variables to measure change over time. To make these
comparisons, meta-analysis standardizes the response variable by calculating a unitless
statistic from each study, called Cohen’s d. The change statistic is calculated as the
difference before and after the restoration action divided by the pooled variance. Cohen’s
d can be used to identify which treatments are most effective and which variables most
responsive. We compared a diverse set of projects to evaluate which types of projects are
most successful in terms of measurable change over time. Because meta-analysis depends
on the data available for the study, we vetted our results with regional experts who collect
and work with these data.

#

681 Effectiveness Monitoring - Time and Space Matter

Room:

6E

Date:

5/1/2014

11:45 AM - 12:00 PM

Presenter: Rob Duff, Ecology
Authors:

Rob Duff, Ecology

Abstract: The goal of this talk is to provide an understanding of how we can link
environmental change to management actions. So called "effectiveness monitoring"
connotes a single-minded approach to linking restoration with response in an ecosystem.
A more holistic concept of effectiveness monitoring will be presented where many
different types of monitoring can be employed in an EM context depending on scale (time
and space). The framework of adaptive management will be discussed to help define
expectations of scale that mangers and policy-makers expect. Examples relevant to Puget
Sound will be shown that illustrate a continuum of monitoring that is responsive on
different scales. The audience will understand that while ecosystem change may be slow
for outcomes of interest, scientists can help policy-makers identify intermediate metrics
that are more responsive in an adaptive management framework.

Session: S-05H Planning for coastal hazards, climate change, and sea
level rise in Washington State
Room:

607

Chair:

Jamie Mooney

Date: 5/1/2014

10:30 AM - 12:00 PM

The goal of this session is to highlight the multitude of ways climate change can be
incorporated into community planning processes. This session will provide current
information about specific efforts in Washington state assisting communities in planning
for coastal hazards, climate change, and sea level rise in order to increase overall
resilience. We will provide a brief introduction to the current state of knowledge with
regard to climate and coastal hazards impacts on our shorelines with a focus on how the
scientific research has informed management and outreach efforts during the past three
years. From science to policy to implementation and working on all of Washington’s
coasts, and through various partnerships, Washington Sea Grant helps coastal
communities increase resilience.

#

492 Climate Change Communication
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607

Date:

5/1/2014

10:30 AM - 10:45 AM

Presenter: Jamie Mooney, Washington Sea Grant
Jamie Mooney, WA Sea Grant

Abstract: The goal of the session is to understand insights from social science research and
climate change communication research, apply research insights to communication
design, and discuss possible steps for moving forward with communication efforts in
individual communities. Building on curriculum developed for the Coastal Training
Program’s course Sea Level Rise Adaptation: Opportunities for Planning in Washington
State, the presentation includes a multi-stepped approach to communicating climate
change including developing your communication strategy, getting to know your audience,
and framing climate change messages. It also addresses the various public perceptions of
climate change via Yale’s Global Warming’s Six Americas project. The presentation
concludes with a discussion of various sources of confusion with respect to understanding
climate science as well as ways to overcome those misperceptions in order to more
effectively build support for local action.

#

261 Coastal Hazard Resilience Network: planning for coastal hazards,
climate change, and sea level rise in WA State

Room:

607

Date:

5/1/2014

10:45 AM - 11:00 AM

Presenter: Rachel Aronson, WA Dept of Ecology
Authors:

Rachel Aronson, WA Department of Ecology

Abstract: In October 2013, Washington Sea Grant and the Washington State Department
of Ecology began a NOAA-funded collaboration to improve resilience to coastal hazards at
the local, state, and federal levels through a Coastal Hazard Resilience Network. The goals
of the Network are two-fold. Through the Network, state and federal agencies will
improve upon current coordination and cross-agency collaboration efforts with regard to
various coastal hazards impacts on the Washington shoreline. The initial kick-off meeting
on October 29th brought various successes, including the understanding of the multitude
of efforts relating to coastal hazards and climate change impacts that exist in the State,
the identification of the state and federal level coastal hazard experts, and the consensus
that a Network would be useful for state and federal agencies working with coastal
hazards. The second goal of the Network focuses on local jurisdictions. Working with
FEMA’s RiskMAP team, Washington Sea Grant will work with Pacific and Grays Harbor
Counties to incorporate FEMA and Ecology-generated data into appropriate planning
processes. Because this is a process in progress, this presentation will focus on networkbuilding strategies utilized in Washington State along with a discussion of various
successes and failures. By the time of the presentation at the Salish Sea Conference, the
project team will have also attended the PRiMO (Pacific Risk Management ‘Ohana)
meeting in Hawaii that will allow for an expansion of network-building strategies and
lessons learned.

#

143 Planning Tools for Sea Level Rise Adaptation

Room:

607

Date:

5/1/2014

11:00 AM - 11:15 AM

Presenter: Jennifer Hoffman, Adaptation Research & Consulting
Authors:

Nicole Faghin, Washington Sea Grant

Abstract: The purpose of this presentation is to explore the range of planning tools, other
than shoreline master programs, available to Washington State local jurisdictions to
address Sea Level Rise. Besides the state Shoreline Master Program, that only regulates
200 feet from the ordinary high water mark, there are a number of other ways to address
how we build along our coastal communities taking into consideration potential impacts
from increased storm events and rising tides. There are regulatory tools such as
subdivision regulation, building codes, zoning codes and overlay zones and development
permits. There are also restriction tools such as land acquisition, transfer of development
rights, easements and covenants and land trusts. Examples from other communities
around the country shed light upon how these tools can be applied in Washington State.

#

602 Making Washington’s Shoreline Master Programs Climate Smart

Room:

607

Date:

5/1/2014

11:15 AM - 11:30 AM

Presenter: Jennifer Hoffman, Adaptation Research & Consulting
Authors:

Jennifer Hoffman, Adaptation Res. & Consulting

Abstract: Shoreline Master Programs (SMPs) are the vehicle through which local
jurisdictions implement Washington’s Shoreline Management Act, the legal framework for
shoreline management throughout the State. While Washington’s coastal communities,
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economies, and ecosystems will see significant climate change impacts, including
increased erosion, sea level rise, and ocean acidification, SMPs have not traditionally
incorporated these factors. Ecology released interim guidance on incorporating sea level
rise into SMPs in 2010, and is working on updated guidance now. This talk will focus
primarily on options for incorporating climate change into the inventory and
characterization (I&C) phase of the SMP process, which provides the scientific input for
decisions in later phases of the process. Information covered by the I&C must address
“attributes that pertain to existing and emerging problems and issues in a jurisdiction.” To
address climate-related “existing and emerging problems and issues”, jurisdictions need to
inventory information on the extent to which these phenomena are already seen along
Washington’s coasts, and on plausible future trajectories. In addition to physical and
chemical changes, the inventory could include information on changes in the distribution
of ecologically, culturally, and commercially important species and critical habitats. The
I&C must also describe ecosystem-wide and shoreline processes, functions, opportunities
for restoration, public access, and shoreline use. Possibilities for addressing climate
change in this stage include: 1. Highlight processes of particular importance for
vulnerability or resilience, such as integrated analysis of processes contributing to coastal
erosion and accretion, or to the delivery, retention, and toxicity of pollutants. 2. Highlight
climate adaptation-related functions or effects of climatic changes on desired functions,
such as water storage or temperature regulation of aquatic habitats 3. Incorporate
information on vulnerability to acidification, sea level rise, and other climate-related
changes into restoration site selection, prioritization, and design. 4. Incorporate
information on vulnerability to sea level rise, increased flood severity, and other climaterelated changes into plans for public access and shoreline use. 5. For No Net Loss
calculations, estimate loss and change due to ongoing climatic and related changes as well
as interactions between these and proposed land use changes. 6. Include maps of
vulnerability or resilience ratings to inform environmental designations or overlay zones in
which to apply special protection While incorporating climatic changes, effects, and risks
into shoreline planning will take some changes, it is eminently feasible. It is also essential
to the resilience and long-term sustainability of Washington’s coastal communities,
economies and ecosystems.

#

210 Planning for Climate Change on Bellingham's Downtown
Waterfront

Room:

607

Date:

5/1/2014

11:30 AM - 11:45 AM

Presenter: Michael Hogan, Port of Bellingham
Authors:

Michael Hogan, Port of Bellingham

Abstract: The Port of Bellingham is guiding the redevelopment for 237 acres of
Bellingham’s downtown waterfront. The long-term vision for this former heavy industrial
mill site is a new mixed-use neighborhood, featuring residential, commercial, light
industrial and institutional uses, as well as parks, trails and a healthy shoreline. The
master plan for Bellingham’s waterfront is one of the first generation of plans to analyze
the potential impacts of global climate change over the next 50 to 100 years and
proactively factor this analysis into the site design. For purposes of planning, the Port
used research from the Intergovernmental Panel on Climate Change and the Climate
Impacts Group at University of Washington which estimated the sea level in Bellingham
Bay could rise between 4 and 52 inches from 1990 to 2100. To address the potential
impacts of global climate change, the Port developed different redevelopment strategies
for different areas of the waterfront based on criteria which includes the value and lifespan of infrastructure and development features, and the cost and natural resources
required for implementation. In areas of the waterfront to include high value
infrastructure and development features with an expected life span of over 100 years, site
elevations will be raised two to six feet along the shoreline and streets will be raised a
minimum of ten feet to help protect the public and private investment from the long-term
effects of predicted global climate change. In areas of the waterfront reserved for waterdependent marine industrial uses and recreational boating, the infrastructure and
development features are well suited to application of an adaptive management
approach. Marine industrial uses are best designed to operate efficiently relative to actual
sea level and the required infrastructure is lower cost with a shorter design life. An
adaptive management strategy will provide greater certainty regarding the degree of
protection required at any given time and avoid unnecessary resource use and
environmental impacts (e.g., fill placement within aquatic areas) except where required by

#

200 Effects of Pacific Northwest Winter Storms on Nearshore
Processes in Puget Sound

Room:

607

Date:

5/1/2014

11:45 AM - 12:00 PM

Presenter: Zhaoqing Yang, Pacific Northwest National Laboratory
Authors:

Zhaoqing Yang, Pacific Northwest National Laboratory; Taiping Wang, Pacific
Northwest National Lab
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Abstract: Unlike the Gulf of Mexico and mid-Atlantic coasts that are at the risk of storm
surges induced by tropical cyclones and hurricanes, the Pacific Northwest coasts are
subject to the threat of severe winter storms that cause heavy snowfall and rainfall, high
wind and coastal storm surge. Sea-level rise as a result of climate change and extreme
high tide can exacerbate the level of impacts of storm surge induced by winter storms in
the Pacific Northwest coastal region, especially in the nearshore intertidal areas. This
paper presents a modeling study of storm surge induced by winter storms and the impacts
of coastal inundation on nearshore processes in the shallow estuaries and bays in Puget
Sound using a coastal ocean model of Salish Sea and meteorological forcing from NOAA
NCEP operational products. Storm surges in Puget Sound are simulated for selected winter
storms and compared to NOAA real-time tide gages. Combined effects of future sea-level
rise and storm surge on the nearshore hydrodynamics are also investigated with sensitivity
modeling analysis.

Session: S-05I

Education, Communication and Citizen Science

Room:

604

Chair:

Jeff Parsons

#

Date: 5/1/2014

10:30 AM - 12:00 PM

122 Engaging Real Estate Professionals in Stormwater Solutions

Room:

604

Date:

5/1/2014

10:30 AM - 10:45 AM

Presenter: Bob Simmons, Washington State University Extension
Authors:

Bob Simmons, WSU Extension; Erica Guttman, WSU Extension

Abstract: Engaging developers, real estate brokers and appraisers in understanding
stormwater issues and solutions is key to realization of a paradigm shift in development
and redevelopment approaches. WSU Extension has recently conducted and evaluated a
series of clock-hour based courses around Washington’s portion of the Salish Sea focusing
on stormwater issues, land use impacts, and solutions tailored to these professionals.
These audiences were targeted for a number of reasons including: Real estate brokers can
be or often work with small- and large-scale developers and can influence how
development occurs; the sale/transfer of land is often at the nexus of re-development;
educated real estate brokers can inform their clientele on options for preventing
stormwater pollution and improving stormwater management; and appraisers need to
incorporate proper valuation of LID for systemic change. Real estate brokers and
appraisers in Washington need 30 hours of continuing education every 2 years for license
renewal. Planners and developers also participate due to interest and to understand
potential regulatory requirements. The program’s 7.5-hour workshops cover the need for
improved stormwater management, site development and building strategies to minimize
water runoff, options for retrofits, regulatory requirements, barriers and benefits to
utilizing different techniques, and field trips showcasing some of the techniques in
practice. To support the courses, a resource binder of relevant materials was provided,
including a series of 6 factsheets on Low Impact Development topics that were developed
for this audience. Two web-accessible videos on permeable pavement strategies and
maintenance were also produced. This presentation will share the short- and mid-term
impacts to increase awareness, understanding and acceptance by these audiences for
utilizing LID to improve water management at the site scale.

#

147 Skagit Stream Team/Storm Team Program: A Citizen Science
Success Story

Room:

604

Date:

5/1/2014

10:45 AM - 11:00 AM

Presenter: Kristi Carpenter, Skagit Conservation District
Authors:

Kristi Carpenter, Skagit Conservation District; Susan Wood, Padilla Bay
National Estuarine Reserach Reserve

Abstract: Skagit Stream Team citizen volunteers have been collecting and analyzing the
health of priority Skagit County streams since 1998. The program was developed in
response to local watershed action planning and the need to establish a baseline
monitoring program that initially focused in 3 priority sub-basins. Over the years the
program has continued to grow. We are currently working in 10 sub-basins with 71 active
volunteers. In addition to educating and engaging local residents, the program has
provided important baseline data to assess water quality trends, identify hotspots and
document improvements. There have been numerous success stories from this program
that have been recognized throughout the state. Most recently, a high fecal coliform result
during a heavy rain event in 2008 in the Samish watershed (an important commercial
shellfish growing area) raised concerns and led to the creation of the Storm Team - a
group of dedicated Stream Team volunteers that responded to a request from the State
Dept. of Health to establish baseline fecal coliform data for the Samish River during storm
events. As a result of their efforts, DOH changed the classification of most of Samish Bay
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from Approved to Conditionally Approved and the Clean Samish Initiative (CSI), a
partnership of local, state, and federal agencies and organizations, was launched in 2010.
Storm Team efforts extended into the Padilla Bay watershed and most recently Edison
Slough. The Stream Team program also expanded to begin baseline monitoring studies in 5
urban stream reaches in partnership with local Phase II NPDES program jurisdictions. This
presentation will highlight the successes of the Skagit Stream Team/Storm Team program,
and provide insight in training & managing a successful, long-term, citizen science program
and engaging and maintaining community volunteers. The program is sponsored by the
Skagit Conservation District and the Padilla Bay Research Reserve.

#

661 Use of Biomonitoring Data Collected by Citizen Scientists for
Stream Management.

Room:

604

Date:

5/1/2014

11:00 AM - 11:15 AM

Presenter: Patrick Edwards, Portland State University
Authors:

Patrick Edwards, Portland State University

Abstract: Macroinvertebrate data collected by citizens and other non-professional
volunteers have the potential to generate large amounts of data for environmental
management while at the same time engaging the public in local stream monitoring
projects and restoration efforts . However, there is concern about the quality and use of
data collected by volunteers who have little or no scientific training. This presentation
describes a macroinvertebrate sampling procedure designed for Citizen Science and
examines nine years of biannual data collected by volunteers using the method to monitor
two streams in western Oregon. Over the study period, family-level macroinvertebrate
data collected by volunteers was highly variable (avg CV 0.3-0.6) but strongly correlated
with climate-related factors (R2 = 0.22-0.49). The results of this investigation suggest that
monitoring data collected by Citizen Scientists would likely detect major changes in
macroinvertebrate populations and also provide long-term data sets needed to monitor
the effects of climate change on stream biotic communities. From a stream management
perspective, the findings of this study support the use of citizen science programs to
augment or expand current efforts to monitor stream invertebrate communities.

#

229 Hearing the call: using acoustics and citizen scientists to monitor
harbor porpoises

Room:

604

Date:

5/1/2014

11:15 AM - 11:30 AM

Presenter: Cindy Elliser, Pacific Biodiversity Institute
Authors:

Cindy Elliser, Pacific Biodiversity Institute; Aileen Jeffries, Pacific Biodiversity
Institute

Abstract: There are many challenging obstacles involved in researching wild marine
mammal populations. Finding the right combination of accurate and cost-effective
research methods is crucial. The harbor porpoise is a shy, enigmatic species making
traditional boat based methods of monitoring very difficult. The Pacific Biodiversity
Institute (PBI) has initiated a unique program combining two emerging research tools,
passive acoustics and citizen science, to monitor the harbor porpoise population in the
inland waters of Puget Sound. A passive acoustic monitor (PAM) is deployed in water at
Burrow’s Pass to allow researchers to continuously record cetacean presence in an area
for months at a time by documenting vocalizations. To compliment this acoustic research
instrument, PBI has trained many local residents to be Citizen Scientists and conduct landbased observations in Burrow’s Pass, documenting harbor porpoise presence, position and
movement. This data complements the PAM data (supporting the validity and usefulness
of the PAMs), and provides information about the population that cannot be collected by
the PAM (such as movement patterns, group sizes and group composition). The acoustic
data collected, combined with continued visual observations by citizen scientists, is used
to assess diurnal, seasonal and annual trends in the harbor porpoise population. This type
of long-term monitoring provides data that is vital to protection and conservation efforts.
The involvement of citizen scientists also has the added benefit of fostering a sense of
responsibility and care for the environment that facilitates science-society-policy
interactions. PBI’s harbor porpoise research program combines PAM and citizen science
to create an informative and cost-effective way to monitor a marine mammal population
and can be used as a model for future studies on similar populations.

#

562 State of Possession Sound Interdisciplinary Student Research

Room:

604

Date:

5/1/2014

11:30 AM - 11:45 AM

Presenter: Ardi Kveven, Ocean Research College Academy
Authors:

Ardi Kveven, Ocean Research College Academy; Robin Araniva, ORCA Everett
Community College

Generated: 4/29/2014 11:54 AM

Abstract: The Ocean Research College Academy, an interdisciplinary early college program
at Everett Community College, created an ecosystem study in 2004 that imbeds core
instructional outcomes with ongoing baseline estuary research. Through the blending of
the original State of the Sound Report (2004) and Species of Concern (2005), multiple
hydrographic and biological parameters are measured on monthly State of Possession
Sound (SOPS) student research cruises. Students collect and analyze marine mammal and
marine bird abundance and distribution, CTD data, nutrient concentrations, pH and fecal
coliform levels, sediment samples for heavy metal analysis (As, Cd, Cu, Hg, Pb, Zn), and
phytoplankton and zooplankton net tows. From this unique and effective undergraduate
research initiative, two National Science Foundation grants were awarded and
partnerships emerged with other local and national community colleges and universities.
While SOPS provides the framework for the first year, students are encouraged and
supported to look deeper at the data set or expand on the SOPS research during their
second year as students transition to more independent undergraduate research. This
student driven work has led to a partnership with the Washington Department of Ecology
Marine Waters Division and the establishment of a real-time CTD sensor with online data
transmission every 15 minutes as well as multiple poster presentations at local and
national conferences. The programmatic results yield impressive graduation rates (more
than 80% earn an associate’s degree in two years) and 66% of graduates indicate a desire
to pursue a STEM major at university. The greatest outcome is that students have
experienced the nature of science while connected to where they live, developing a
greater awareness and appreciation of the Salish Sea.

#

32 Public Eco-art: Interdisciplinary Art/Science collaborations shift
cultural attitudes while implementing science-based solutions.

Room:

Date:

604

5/1/2014

11:45 AM - 12:00 PM

Presenter: Deanna Pindell, Pindell Studio
Authors:

Deanna Pindell, Pindell Studio

Abstract: Public Eco-art brings Art, Science, Technology, and Community together to
achieve environmental solutions ... while multiplying sources of funding and support! The
Salish Sea region is home to several impressive Eco-art initiatives that bring water-quality
out of the water-closet and into the cultural mainstream.
This talk will offer examples and resources for organizational or individual collaborations.

1:30 PM - 3:00 PM
Session: S-06A

Novel Actions to address ocean acidification in the Salish
Sea

Room:

615/616/617

Chair:

Meg Chadsey

Date: 5/1/2014

1:30 PM - 3:00 PM

This session showcases a range of recent and pending efforts to address ocean
acidification through coordinated public education and engagement campaigns, local
mitigation and remediation projects, and policy actions. Presenters will share how they are
responding to potential economic, social and ecological impacts of ocean acidification.

#

435 The rise of state and regional strategies for ocean acidification

Room:

615/616/617

Date:

5/1/2014

1:30 PM - 1:45 PM

Presenter: Alexis Valauri-Orton, Sustainable Fisheries Partnership - Global Ocean Health P
Authors:

Brad Warren, Global Ocean Health, SFP & NFC

Abstract: Starting in 2005-2007, heavy larval mortality in shellfish hatcheries and
diminished natural recruitment began jeopardizing hatchery-produced seed supplies for
West Coast shellfish farms. The region met this crisis with three unusual strengths: (1) a
seasoned ocean acidification (OA) research community, (2) an upwelling system that
amplifies OA effects (producing unexpectedly early and measurable impacts), and (3) a
savvy shellfish industry equipped with technical and policy skills that many fisheries lack.
These strengths made the crisis into a rare learning opportunity for the world.
Researchers and hatchery managers quickly identified and documented the role of OA and
began developing adaptation methods. Solid evidence, clear social and economic
consequences, and the emergence of harm-reduction approaches transformed OA from
an “obscure geochemical problem” into a recognized threat to jobs, food, and coastal
families — and made the issue “actionable” by political leaders. The appearance of a
regional “hot spot” in OA also shifted the paradigm for policy response: previously viewed
as a “global” problem beyond state authority, OA became a problem that states and
regions could start to tackle. Washington launched the first comprehensive state-based
OA initiative. In 2012, Gov. Christine Gregoire responded to a proposal championed by
shellfish producers and treaty Indian fishing tribes by establishing a blue ribbon panel to
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develop strategies to mitigate, remediate, and adapt to ocean acidification. Other states
and regions have followed suit. This presentation summarizes the genesis and spread of
these initiatives, the transfer of lessons from the West Coast “front line” to other regions,
and the rise of a new, potent class of actors in addressing OA.

#

641 Ocean acidification and changing science standards: a prime
opportunity to promote large scale behavioral change.

Room:
#

598 Communicating ocean acidification across barriers: Stories and
strategies from a year around the world

Room:

615/616/617

Date:

5/1/2014

1:45 PM - 2:00 PM

Presenter: Alexis Valauri-Orton, N/A
Authors:

Alexis Valauri-Orton, N/A

Abstract: Between July 2012-2013, I traveled on a Thomas J. Watson Fellowship studying
how human communities in Norway, Hong Kong, Thailand, New Zealand, the Cook Islands
and Peru might be affected by ocean acidification. I interviewed, lived and worked with
hundreds of members of marine dependent communities, investigating how they valued
resources threatened by ocean acidification. The vast majority of the community members
I worked with had no knowledge of ocean acidification and poor ocean literacy. Thus, I
developed tools to communicate and contextualize this complex science issue across
language and cultural barriers. I found the best method of communication was to explain
the science of ocean acidification in a personalized, narrative format, drawing from the
lives of my audience to make connections between ocean acidification and resources and
practices they value. In order to do this, I needed to listen carefully to the needs and
concerns of each community. In this talk, I will share examples of how I did this in a variety
of communities, ranging from Seventh Day Adventists in the Cook Islands to scallop
farmers in Peru.

#

706 A First Nation history and approach to acidification in Burrard Inlet

Room:

615/616/617

Date:

5/1/2014

Authors:

Abstract: In Burrard Inlet, the shellfish resources First Nations have traditionally relied
upon are being affected by acidification. The archaeological record and traditional
ecological knowledge coupled with long term data on pH levels can potentially be used to
understand changes in species composition over the last 3000 years. However, because of
40 years of bivalve harvest restrictions, the effect of acidification on bivalve species
composition has not been well recognized by First Nation communities. If the intention is
to re-establish bivalve harvest opportunities in Burrard Inlet, First Nations will have to
recognize and address acidification, perhaps by implementing recommendations from the
Washington State Blue Ribbon Panel on Ocean Acidification.

#

682 Fighting on multiple fronts: the Puget Sound Restoration Fund’s
multi-faceted approach to combatting ocean acidification

Room:

615/616/617

Date:

5/1/2014

2:15 PM - 2:30 PM

Presenter: Betsy Peabody, Executive Director
Authors:

Betsy Peabody, Executive Director, Puget Sound Restoration Fund

Abstract: The Puget Sound Restoration Fund (PSRF) is dedicated “to restoring marine
habitat, water quality, and native species in Puget Sound through tangible, on-the-ground
projects.” They take a non-activist, project-oriented, broadly inclusive approach to their
work, engaging with industry, tribes, government agencies, private landowners and
community groups. In recent years, as ocean acidification (OA) has begun to impinge on all
aspects of their restoration work (habitat, water quality and native species), the PSRF and
its Executive Director Betsy Peabody have become increasingly focused on OA mitigation,
adaptation and education. Several ongoing PSRF projects, such as shellfish restoration and
farming, nutrient mitigation, and kelp recovery, have taken on additional importance as
potential tools for combating OA. Other efforts are more recent. These include Betsy’s
work with the Governor’s Blue Ribbon Panel on Ocean Acidification in 2012; PSRF’s
support for the development and implementation of OA-based curricula for K-12 science
classrooms; and submission of a highly-ranked proposal to the 2013 Paul Allen Family
Foundation’s ‘Ocean Challenge’, a contest soliciting ideas for OA mitigation and
adaptation. The PSRF and their partners were ultimately invited by the Foundation to
submit a full proposal to pilot their mitigation strategy in Puget Sound (awards will be
announced in early 2014). If funded, the team will test the efficacy of growing and
harvesting marine macro algae as a means of removing excess dissolved carbon dioxide
and nutrients from three Puget Sound embayments to create OA ‘refugia’. Betsy’s
presentation will highlight these and other examples of productive partnerships, as well as
opportunities for new collaborations to address OA in the Salish Sea.
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Authors:

5/1/2014

2:30 PM - 2:45 PM

Paul Williams, Suquamish Tribe

Abstract: If we accept the premise that certain human behaviors are contributing to a
decrease in ecosystem functions that are essential to ourselves and other species, then
changing those behaviors is essential to our future. What better time and place to do that
than in school? It’s much easier to make behaviors than to change them. For over a
dozen years, students from all political and cultural backgrounds are a captive audience in
classrooms taking in lessons from their teachers. Three factors make this a prime moment
to instill or enhance an emphasis on environmental stewardship of the oceans in schools:
1) the threat of ocean acidification has increased interest in ocean science; 2) growing
interest among youth in the environment; and 3) the adoption of the Next Generation
Science Standards (NGSS) by the State of Washington. We will briefly describe the NGSS,
and how ocean acidification is good fit for illustrating several of the core disciplinary ideas
and crosscutting concepts emphasized in the NGSS. We will also describe some of the
challenges and concerns teachers have in adopting new curricula. We will then highlight
actions individuals and organizations are taking to bring ocean science into the classroom.
These will range from a project to provide bus tickets to the beach, to an online collection
of ocean acidification curriculum materials. And finally, we will suggest several actions
leaders, scientists, and citizens can take to seize this opportunity to prepare our greatest
resource - the next generations - to address the changing oceanic and climatic conditions
they will inherit.

#

188 Bringing critical systems thinking to high school students through
ocean acidification research

Room:

John Konovsky, Tsleil-Waututh Nation; Jesse Morin, Archaeologist

Date:

Presenter: Paul Williams, Suquamish Tribe

2:00 PM - 2:15 PM

Presenter: John Konovsky, Tsleil-Waututh Nation

615/616/617

615/616/617

Date:

5/1/2014

2:45 PM - 3:00 PM

Presenter: Claudia Ludwig, Institute for Systems Biology
Authors:

Claudia Ludwig, Institute for Systems Biology; Monica Orellana, Institute for
Systems Biology and University of Washington; Nitin Baliga, Institute for
Systems Biology

Abstract: Ocean acidification is a complex phenomenon with complex consequences.
Understanding this complexity and the impact of ocean acidification requires systems
thinking and collaboration, both in research and in education. Scientific advancement will
help us better understand the problem and devise more effective solutions, but executing
these solutions will require widespread public participation to mitigate this local and global
problem. We have translated current systems-level ocean acidification research into a 5
week high school curriculum module. We will present this curriculum which is easily
implemented in schools and has resulted in a high level of engagement and learning. Thus
far 13 different schools and over 1200 students have field tested this work – we have seen
dramatic increases in students’ abilities to use inquiry and to challenge their mental
models. The lessons are hands-on, interdisciplinary, standards-based, and specifically
focus on systems thinking, which has been shown to enable behavioral change. In this
curriculum, students take on the roles of scientists and delegates as they investigate the
consequences of the changing carbon cycle on the chemistry and biology of the oceans.
Students critically assess different pieces of information (news articles and real-time data
from the Salish Sea and beyond). They combine their findings into a network diagram that
interconnects key players of this system. Students align themselves with stakeholders and
design collaborative, cohesive experiments to test hypotheses and network properties.
They explore the consequences of increased CO2 levels on the pH of water, the integrity of
seashells, and the lifecycle of diatoms. The module also connects to other pertinent
lessons being developed locally and globally. In the culminating activity, students act as
delegates and reconvene to discuss the systems consequences of ocean acidification. They
make recommendations for further research, policy-making, and lifestyle changes on both
a local and global scale.

Session: S-06B

Lake Washington's PCB fish advisory: How do we make
progress?

Room:

608/609

Chair:

Jenee Colton

#

Date: 5/1/2014

1:30 PM - 3:00 PM

377 The Lake Washington PCB/PBDE Study: Concentrations Measured
in Stormwater and Other Major Pathways to the Lake Washington
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Watershed
Room:

608/609

Date:

5/1/2014

1:30 PM - 1:45 PM

report can be found on the project website:
http://www.kingcounty.gov/environment/watersheds/cedar-river-lake-wa/pcb-pbdeloadings.aspx

Presenter: Jenee Colton, King County Water and Land Resources Division
Authors:

Jenee Colton, King County WLRD; Richard Jack, King County WLRD

Abstract: Lake Washington fish have the second highest concentrations of PCBs in
Washington State. PCB concentrations measured in Lake Washington fish resulted in a fish
consumption advisory on cutthroat trout, northern pikeminnow, yellow perch and carp in
2004 (WADOH 2004). Also, PBDEs are potentially bioaccumulating in Lake Washington fish
but this hasn’t been documented. As a first step toward understanding the relative
importance of major contaminant loading pathways contributing PCBs and PBDEs to the
watershed, whole water samples were collected from stormwater (including highway
bridge runoff), combined sewer overflow (CSO), tributaries, rivers, and atmospheric
deposition pathways entering Lake Washington and the Ship Canal. Stormwater was
sampled in base flow and storm conditions. Atmospheric deposition was sampled using a
bulk air (dry and wet) approach. Samples were also collected from ambient waters of Lake
Washington and the Ship Canal to support a later modeling phase of the project. Sampling
stations were located in Seattle, Kirkland, Renton, Mercer Island and on the I-90 floating
bridge. Samples were analyzed for 209 PCB congeners and nine PBDE congeners as well as
total suspended solids, dissolved organic carbon and total organic carbon. In total, 146
samples were collected and analyzed. The final validated concentrations of total PCBs and
PBDEs will be presented and compared between locations and pathways. These data were
used to estimate total PCB and PBDE loadings to Lake Washington, the Ship Canal and the
net loads to Puget Sound, which is the subject of another conference presentation.

#

223 The Lake Washington PCB/PBDE Study: Estimates of loading from
major pathways

Room:

608/609

Date:

5/1/2014

1:45 PM - 2:00 PM

Presenter: Curtis DeGasperi, King County Water and Land Resources Division
Authors:

Curtis DeGasperi, King County WLRD; Jenee Colton, King County WLRD;
Richard Jack, King County WLRD

Abstract: In 2010, King County was awarded a Puget Sound Action Agenda: Technical
Investigations and Implementation Assistance Grant by the U.S. EPA to estimate loading of
PCBs and PBDEs to Lake Washington, Lake Union and Puget Sound; and model potential
reduction in Lake Washington fish tissue concentrations associated with select PCB loading
reduction scenarios. A field study was designed and implemented from 2011 to 2012 to
measure PCB and PBDE concentrations in key contaminant loading pathways to Lakes
Washington and Union (i.e., rivers, streams, stormwater, CSOs, highway bridges and
atmospheric deposition) and measure the concentrations in the export pathway leaving
the lake system through the Ship Canal locks to Puget Sound. By combining the
contaminant concentration data with long term flow estimates for these pathways, mass
loading estimates to Lakes Washington and Union and subsequent export to Puget Sound
for total PCBs and total PBDEs were developed. The approach to estimating pathway
loads and loading estimates for each major pathway will be presented. More
information, including the PCB/PBDE loadings report can be found on the project website:
http://www.kingcounty.gov/environment/watersheds/cedar-river-lake-wa/pcb-pbdeloadings.aspx

#

222 The Lake Washington PCB/PBDE Study: Development and testing
of a PCB fate model

Room:

608/609

Date:

5/1/2014

2:00 PM - 2:15 PM

Presenter: Curtis DeGasperi, King County Water and Land Resources Division
Authors:

Curtis DeGasperi, King County WLRD; Greg Pelletier, Department of Ecology

Abstract: In 2010, King County was awarded a Puget Sound Action Agenda: Technical
Investigations and Implementation Assistance Grant by the U.S. EPA to estimate loading of
PCBs and PBDEs to Lake Washington, Lake Union and Puget Sound; and model potential
reduction in Lake Washington fish tissue concentrations associated with select PCB loading
reduction scenarios. A fate model was developed based on a simple two compartment
(lake water and active sediment layer) model used to evaluate PCB fate in Lake Ontario
and San Francisco Bay. An estimate of total PCB loading to Lake Washington based on field
data collected as part of this study and model input values based on data specific to Lake
Washington (when available) were used to test the model against observed water and
sediment concentrations. Model sensitivity and uncertainty analyses were also conducted
to identify critical model parameters and better understand the range in uncertainty in
predicted water and sediment total PCB concentrations. The fate model was coupled to a
food web bioaccumulation model, which is the subject of another conference
presentation. More information, including the PCB fate and bioaccumulation modeling
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#

376 The Lake Washington PCB/PBDE Study: Modeling
Bioaccumulation of PCBs in Lake Washington Fish

Room:

608/609

Date:

5/1/2014

2:15 PM - 2:30 PM

Presenter: Carly Greyell, King County Dept of Natural Resources and Parks
Authors:

Carly Greyell, King County DNRP; Jenee Colton, King County WLRD; Richard
Jack, King County WLRD

Abstract: High polychlorinated biphenyl (PCB) concentrations in Lake Washington fish
prompted the Washington Department of Health to issue a fish consumption advisory in
2004. To address PCB bioaccumulation in Lake Washington fish, King County was awarded
a Puget Sound Action Agenda: Technical Investigations and Implementation Assistance
Grant by the U.S. Environmental Protection Agency. An investigation of PCB loadings to
Lake Washington was complemented by the development of 1) a contaminant fate model
and 2) a bioaccumulation model to predict tissue PCB concentrations in Lake Washington
fish. This presentation will describe the bioaccumulation model - a Gobas-type food web
model adapted to Lake Washington. The model predicts whole-tissue contaminant
concentrations in food web components (e.g., phytoplankton, zooplankton, benthic
invertebrates, and fish) by calculating chemical uptake from ingestion and respiration as
well as elimination from respiration, excretion, metabolism and growth dilution. The
required model inputs include the food web structure of Lake Washington for the taxa of
interest as well as physical and chemical parameters (e.g., biota lipid content,
concentration of suspended solids, organism wet weight). The model was run using both
water and sediment PCB concentrations derived from empirical data and those predicted
by the fate model. To test the model performance, model predictions were compared to
observed PCB concentrations in Lake Washington biota. Overall, the model performed
best using water and sediment concentrations predicted by the fate model; almost all
predicted PCB concentrations fell within a factor of two of average observed
concentrations in Lake Washington biota. This model was used to estimate the magnitude
of reductions in water and sediment PCB concentrations necessary to bring PCBs in Lake
Washington fish to safe levels.

#

281 The Lake Washington PCB/PBDE Study: Reductions Required and
Recommendations

Room:

608/609

Date:

5/1/2014

2:30 PM - 2:45 PM

Presenter: Richard Jack, King County Water and Land Resources Division
Authors:

Richard Jack, King County WLRD; Jenee Colton, King County WLRD; Curtis
DeGasperi, King County WLRD; Carly Greyell, King County DNRP

Abstract: In 2010, King County was awarded a grant by the U.S. Environmental Protection
Agency (EPA) to estimate total polychlorinated biphenyl (tPCB) and total polybrominated
diphenylether (tPBDE) loadings to Lake Washington and from the Lake and Ship Canal to
Puget Sound in Seattle Washington. The field study component of the project analyzed
146 samples for PCBs and PBDEs from 8 different matrices: (1) ambient Lake Washington
water, (2) ambient Ship Canal waters, (3) three streams during both base flow and storm
conditions, (4) the Cedar and Sammamish Rivers, (5) three combined sewer overflow
(CSO) discharges, (6) six stormwater discharges, (7) combined wet and dry atmospheric
deposition, and (8) one highway bridge discharge. Loadings estimates were developed for
local drainages, major rivers, stormwater, CSOs, highways runoff and bulk deposition. Fate
and bioaccumulation models were then used to describe the partitioning of the total PCB
load between lake water, sediment, and biota. These models predicted a linear
relationship between loadings and tissue concentrations. Coupling the loading, fate and
bioaccumulation models predicts that an 85% loadings reduction is required to reduce
tissue concentrations sufficiently to remove the existing WADOH consumption advisory.
To achieve reductions of this magnitude, a suite of new or emerging treatment
technologies in addition to aggressive source removal efforts to reduce the urban dome of
PCBs in the region are going to be required in the Lake Washington watershed.

Session: S-06C

General Water Quality

Room:

606

Chair:

Lynn Schneider

#

Date: 5/1/2014

1:30 PM - 3:00 PM

557 The Metro Vancouver Region's Environmental Ambient
Monitoring Programs
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1:30 PM - 1:45 PM

Presenter: Lynn Landry, Metro Vancouver
Authors:

Andjela Knezevic-Stevanovic, Metro Vancouver; Lynn Landry, ; Helia
Yazdanpanah, ; Farida Bishay,

Abstract: The Metro Vancouver region’s Integrated Liquid Waste and Resource
Management Plan includes a regulatory requirement to conduct ambient environmental
monitoring programs. These programs enable collection of baseline environmental quality
data and assessment of environmental changes in the ambient that receives Region’s
point and non-point source discharges. In addition, these programs provide information
necessary to effectively manage liquid waste discharges and to assess the need for (and
priority of) facility and infrastructure upgrades. As environmental steward of the regional
water bodies, Metro Vancouver currently has in place ambient monitoring programs for
the Lower Fraser River, Boundary Bay, Burrard Inlet and southern Strait of Georgia. These
programs are designed based on 5-year monitoring cycles and include monitoring of
water, sediment and biota, as well as assessment of spatial and temporal trends.
Reporting is done for each monitoring component and a comprehensive report is
completed at the end of each 5 year cycle.

#

583 Influence of waste water treatment plants on water quality and
microbiota within Penn Cove.

Room:

606

Date:

5/1/2014

1:45 PM - 2:00 PM

Presenter: Anne Baxter, NOAA Northwest Fisheries Science Center
Authors:

Anne Baxter, NOAA - NWFSC; Linda Rhodes, NOAA; David Berman,

Abstract: Anthropogenic point sources, such as waste water treatment plants (WWTP) are
often considered as contributors to hypoxic conditions due to nutrient enrichment. Penn
Cove, which is located within Whidbey basin of Puget Sound, has been designated as an
impaired water body due to chronic low dissolved oxygen (DO). To determine whether
the WWTP outfalls in Penn Cove might contribute to low DO, we assessed relationships
among physical parameters, dissolved nutrients, and microbial features, such as bacterial
community structure and heterotrophic production, both within and outside of Penn Cove.
Hyperbenthic DO measurements revealed contrasting monthly patterns with low values in
August and November and higher values in February and May. Concentrations of
dissolved nutrients varied both temporally and by depth, but concentration patterns were
similar regardless of distance from WWTP outfalls. Similarly, abundances of microbial
populations, such as total baterioplankton, picophytoplankton, and coccoid cyanobacteria
(Synechococcus spp) were associated with sampling month, rather than WWTP outfalls.
Linkages of bacterial community structure were found among sampling locations, however
the strongest relationships between community structures were seen by season and
depth, rather than proximity to WWTPs. The abundances of indicators for human- or
bovine-sourced fecal bacteria were positively associated with mean daily flow at the lower
Skagit River during the prior month, but not by proximity to WWTP outfalls. Furthermore,
total suspended particles and particles with associated bacterioplankton were both
correlated with Skagit River flow (Pearson's r > 0.61), suggesting that Penn Cove may be
strongly influenced by the Skagit River. WWTP influences on nutrient inputs, microbial
abundances, and bacterial community structure appear to be minimal compared to the
seasonally driven influences, such as river discharge from the nearby Skagit River.

#

21 Use of viral indicators to assess public health risk to shellfish
growing areas: A case study from Blaine, Washington

Room:

606

Date:

5/1/2014

2:00 PM - 2:15 PM

Presenter: Mark Toy, WA Dept of Health
Authors:

Mark Toy, Washington Department of Healt; Greg Goblick, FDA

Abstract: A hydrographic dye study of effluent from the Lighthouse Point Water
Reclamation Facility in Blaine, Washington, was conducted in November 2012. Six cages
filled with oysters were deployed at various locations (stations) along the anticipated path
of the effluent to correlate the dye concentrations found at the cages with the indicator
bacteria and viral findings in the oysters. Sampling was also conducted at the plant to
assess bacteria and virus removal efficiencies through the treatment process. The study
objectives were to: (1) determine the bacterial and viral conditions in the influent and
effluent and removal efficiencies for a WWTP using membrane filtration (2) determine the
bacterial and viral conditions that could arise in receiving waters under a short term lapse
in treatment at the WWTP; (3) provide guidance to the Washington Department of Health
(WA DOH) regarding the WWTP closure zone based on dilution of effluent (4) research
the dilution level needed to achieve reduction in viruses to ensure the safety of shellfish
harvested near WWTPs as part of FDA’s dilution guidance The proposed presentation
addresses the session theme based on the following features: (1) A description of tools
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and methodology currently used by FDA to assess risk from wastewater outfalls to
commercial shellfish growing areas, including development of an GIS application for
mapping dye plumes in real time, (2) Current efforts by FDA to develop an easily
quantifiable viral indicator (MS2 Coliphage) and how this indicator correlates with
presence of viral pathogens such as Adenovirus and Norovirus in oysters, (3) Evaluation
fecal coliform bacteria indicator to assess public health risk from viral pathogens with
wastewater plants employing membrane filtration treatment, and (4) Since Blaine sits on
the border between the US and Canada, the case study also highlights transborder
pollution issues.

#

560 Metro Vancouver Region's Combined Sewer and Sanitary Sewer
Overflows Monitoring and Risk Assessment

Room:

606

Date:

5/1/2014

2:15 PM - 2:30 PM

Presenter: Farida Bishay, Metro Vancouver
Authors:

Andjela Knezevic-Stevanovic, Metro Vancouver; Lynn Landry, ; Farida Bishay, ;
Jadwiga Mazur, ; Glen Esquera,

Abstract: Metro Vancouver's Integrated Liquid Waste and Resource Management Plan
(ILWRMP) states that no new combined sewers will be constructed, and that existing
combined sewers will be separated into storm and sanitary sewers via infrastructure
replacement or sewer capacity upgrading programs. The ILWRMP also requires
prevention of wet weather SSOs for 24 hour storm events of less than 1 in 5 years,
outlines a commitment to characterize the quality of CSO and SSO discharges and assess
their impact on the receiving water bodies. Samples for both CSO and SSO monitoring
programs are collected using automated samplers, triggered by a supervisory control and
data acquisition system (SCADA), based on wastewater system levels. For CSOs and SSOs
sample collection is done during or just prior (respectively) to the initial discharge with the
intent of capturing the first flush when levels and loadings of contaminants are highest and
represent worst case scenarios. CSO and SSO quality are characterized through analyses
of samples for bacteriology, physico-chemical constituents and toxicity. Parameters are
selected based on their potential presence in wastewater at levels of concern, usefulness
as indicators of ecological or human health impacts, or are required for consideration of
potential mitigation actions. The monitoring information is further used in human health
and ecological risk assessment. The findings of the risk assessment are used for
negotiation with the regulators and prioritization and design of mitigation infrastructure
when required.

#

462 Modeling Wastewater Discharge with a Hybrid Nearfield and
Farfield Approach

Room:

606

Date:

5/1/2014

2:30 PM - 2:45 PM

Presenter: Skip Albertson, Ecology
Authors:

Skip Albertson, Ecology; Mark Toy, Washington Department of Healt; Andrew
Jones, WSU

Abstract: In November of 2012 the U.S. Food and Drug Administration (FDA) assisted the
Washington Department of Health with a dye release experiment at the Chambers Creek
Wastewater facility near Steilacoom, WA and in the vicinity of geoduck tracks. Dye was
released by being pumped in via the waste stream for over a day, and the effluent tracked
by three boats equipped with tracking sensors (fluorometers). We present results from an
effort to model this event using a combination of a nearfield (CORMIX) and farfield
(GEMSS) models. The nearfield model is used to set the plume stratification over the tidal
and meteorological conditions present during the experiment. That output is fed at 15minute intervals into a pre-existing farfield model (GEMSS) that Ecology had previously
calibrated. Because the farfield model was developed for another purpose, the grid cell
size was not optimized for the application. How well did this work? Results over the tidal
cycle are presented along with a discussion of numerical dispersion inherent in the farfield
model. Can numerical dispersion be compensated for and the approach used to explore
other plan discharge scenarios?

#

150 Three Cost-effective Public Domain On-site Sewage Treatment
Technologies Verified for Their Ability to Denitrify

Room:

606

Date:

5/1/2014

2:45 PM - 3:00 PM

Presenter: Lynn Schneider, WA Dept of Health
Authors:

Lynn Schneider, WA State Department of Health

Abstract: Sewage typically contains high levels of nitrogen. Even with new technologies,
on-site sewage (septic) treatment systems typically do not reduce nitrogen levels in
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treated wastewater. Cost effective on-site sewage systems with adequate denitrification
capabilities are needed for areas where nitrogen has been determined a contaminant of
concern. A collaborative effort between the Washington State Department of Health and
the University of Washington Civil and Environmental Engineering Department was
undertaken to design and evaluate cost effective, reliable, and low maintenance public
domain treatment technologies that have high nitrogen removal efficiencies. The systems
were installed and tested at the Snoqualmie Wastewater Treatment Plant. In addition to
meeting low effluent biochemical oxygen demand and low total and volatile suspended
solids concentrations and bacteriological reduction, a major treatment objective was to
produce an effluent TN concentration below 20 milligrams per liter (mg/L). A total
nitrogen (TN) concentration of less than 20 mg/L is the Washington State technologybased standard for on-site nitrogen removal. Using the EPA Environmental Technology
Verification protocol for nutrient reduction, three novel systems were evaluated for
performance and denitrification capability. All three systems met the objective of
reducing total nitrogen concentrations to less than 20 mg/L. This presentation will
summarize the system designs, evaluation protocols, results, and next steps.

Session: S-06D A comprehensive transboundary effort to evaluate the
marine survival of salmon and steelhead in the Salish Sea:
the Salish Sea Marine Survival Project I
Room:

611/612

Chair:

Michael Schmidt

Date: 5/1/2014

1:30 PM - 3:00 PM

Oceans Canada; Wilf Luedke, DFO; Steve Baillie, DFO; Kit Rawson, Consultant
Abstract: Returns of coho salmon to the Salish Sea have declined over the past three
decades. Studies in the Strait of Georgia have suggested that early marine environment is
a critical survival bottleneck for multiple stocks whereas forecasting efforts in Puget Sound
have highlighted the variable survival among stocks within a single year. A study which
investigates spatial and temporal patterns in coho marine survival is needed to explain
these observations. The objectives of the current study are to determine the spatial and
temporal coherence in smolt-to-adult survival for coho salmon stocks, to compare
hatchery and wild smolt-to-adult survival, to determine and compare early marine survival
estimates among basins, and to evaluate the contributions of marine versus freshwater
survival to overall productivity of wild coho salmon populations. Marine survival estimates
were derived using coded-wire tag data and adult versus smolt count data from coho
salmon stocks representative of regions both inside and outside the Salish Sea. A cluster
analysis was used to identify the appropriate spatial scale to consider environmental
factors driving marine survival. In addition, two approaches were used to determine the
contribution of survival in the marine environment to overall returns of coho salmon. The
first approach examines whether early marine survival, measured from Strait of Georgia
and Puget Sound trawl surveys, explains variation in total marine survival of hatchery and
wild coho salmon. The second approach examines whether variation in freshwater versus
marine survival best explains the cohort sizes of wild coho salmon. The results of this work
identify the appropriate spatial scale to develop ecosystem indicators of marine survival
and describe the importance of the marine environment in driving coho salmon returns to
the Salish Sea over the last three decades.

This session will provide the greater Salish Sea community with a Salish Sea Marine
Survival Project status report. The presentations will describe the proposed, ongoing, and
recently completed research and how the work is being coordinated within and between
the U.S. and Canada.

#

#

Presenter: Neala Kendall, WA Dept of Fish and Wildlife

340 An overview of the Salish Sea Marine Survival Project: U.S.Canada integration
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Presenter: Michael Schmidt, Long Live the Kings
Authors:

Michael Schmidt, Long Live the Kings; Brian Riddell, Pacific Salmon Foundation

Abstract: The Salish Sea Marine Survival Project (Project) is a multi-year transboundary
effort to determine the primary factors affecting juvenile salmon and steelhead survival in
the Salish Sea. The Project, coordinated by nonprofits Long Live the Kings (U.S.) and the
Pacific Salmon Foundation (Canada), brings together multidisciplinary expertise from over
20 Federal and State agencies, Tribes, academia and nonprofit organizations on both sides
of the U.S.-Canada border. Through the development of a comprehensive, ecosystembased research framework; coordinated data collection and standardization; and
improved information sharing, the Project will help managers better understand the
critical relationship between salmon and the Salish Sea. This transboundary initiative
began in 2012 and will last seven years. Foundational reports include the Pacific Salmon
Foundation’s Strait of Georgia Chinook and Coho Proposal (2009) and subsequently the
Hypotheses and Preliminary Research Recommendations for Puget Sound (2012). In
November 2012, a workshop with 90 participants was held to receive feedback from the
broader scientific community regarding the critical elements of a US-Canada research
program. The foundational and workshop summary reports are available at the Project
web site (www.marinesurvivalproject.org). Science teams are now using this information
to develop and implement the necessary research. We will present an overview of the
Salish Sea Marine Survival Project, describing its history, leading hypotheses for poor
survival, current status in research development and implementation, and how this work
will contribute to Salish Sea sustainable resource management and recovery efforts. We
will highlight the multi-disciplinary, collaborative nature of this project and the role of nongovernmental organizations in aiding this large-scale initiative.
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138 Puget Sound steelhead marine survival trends: what’s happening
to our fish out there?
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Neala Kendall, WA Dept. of Fish & Wildlife

Abstract: Steelhead trout numbers are falling dramatically in the Salish Sea and especially
in Puget Sound. To better understand the patterns and put them into context, we seek to
confirm the declining steelhead abundance and survival trends (both hatchery and wild
fish) in Puget Sound and compare these trends with those in neighboring regions. We will
first present productivity trends (specifically smolt to adult returns [SAR]) for hatchery and
wild steelhead populations. We found that many coastal populations shared a pattern of
declining abundance from the mid 1980s through the mid 90s, and that while many of
these populations rebounded in the 2000s, Puget Sound SARs continued to decline and
have generally remained below those of other regions. Second, we are performing
correlative analyses on these SARs with factors potentially affecting survival including wild
and hatchery steelhead smolt abundance, individual and population life-history
characteristics, environmental data, and buffer prey data. We will evaluate hypotheses
about spatial variation in mortality, size-selective mortality, match-mismatch, and life
history variation; additional reference regarding whether and where mortality is
concentrated; and account for individual or population characteristics that may
differentially affect survival.
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151 Early marine survival of steelhead smolts in Puget Sound
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Authors:
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Army Corps of Engineers; Thomas Quinn, University of Washington; Sayre
Hodgson, Nisqually Indian Tribe; Ed Connor, Seattle City Light; Andrew Berger,
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Abstract: Smolt-to adult survival rates for Puget Sound steelhead populations have
declined substantially over the last 25 years and remain at or near historic lows. From
2006-2009, nearly 1,400 steelhead smolts from 9 watersheds within Puget Sound were
tracked from river mouth to the Pacific Ocean using acoustic telemetry to: (1) estimate
early marine survival through Puget Sound, (2) identify common areas of abnormally high
mortality along the migration route, and (3) to identify factors that may influence survival.
Cormac-Jolly-Seber mark-recapture models were used to jointly estimate survival and
detection rate at telemetry arrays. Estimated survival rates from river mouths to near the
Pacific Ocean ranged from 1.5% (Skokomish River hatchery smolts in 2009) to 34.0% (Big
Beef Creek wild smolts in 2006), and averaged 14.9% for all populations. Factors
influencing survival included population, migration segment, migration year, and rearing
type (i.e., hatchery or wild), while geographic region, body length, and tag type (i.e., 7mm
or 9mm) showed lesser effects. Comparison of survival rates between migration segments
implicated central Puget Sound and Admiralty Inlet as potential areas of heightened
mortality. Early marine survival rates estimated here are very low considering that
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steelhead smolts spend only about two to three weeks in Puget Sound before entering the
Pacific Ocean. Mortality in Puget Sound may be a major driver behind low observed
smolt-to adult survival rates. This study addresses a major gap in steelhead marine life
history knowledge and can help to inform future Puget Sound steelhead recovery planning
efforts.

[tracy.collier@psp.wa.gov]John Stein, NOAA Fisheries Northwest Fisheries
Science Center [John.E.Stein@noaa.gov]

Abstract: Early Marine Survival (EMS) of Chinook and Coho salmon in the Salish Sea has
plummeted over the past decades, and both bottom-up and top-down mechanisms for
decline have been proposed. As a background for an ecosystem-based assessment of
EMS, a pilot study on the basic oceanography of a small sub-component of the system was
launched in spring and early summer, 2013. A repeat sampling grid covering Cowichan Bay
and immediately connected waters was established, and then sampled on weekly intervals
for temperature, salinity, chlorophyll fluorescence, nutrients and zooplankton.
Oceanographic studies were carried out concurrently with fisheries assessments. A
longer section was carried out at monthly intervals, with the purpose of connecting
Cowichan Bay to the Strait of Georgia. This talk will present findings from this study,
identify key shortcoming and suggest an approach to expand the pilot study to the scale of
the Salish Sea.

Abstract: Successful recovery of the Salish Sea requires collaboration between scientists
(both biophysical and social) and policy/decision makers. Without this relationship we
find ourselves with scientific research that is not relevant to decision making and decisions
made without a strong scientific foundation, and without the support of the science
community. While there is a great deal of good scientific work currently available to
enhance ecosystem recovery decision-making, many of the questions that decision makers
currently face require further investigation to address critical uncertainties, or at
minimum, collection of data through environmental monitoring or social surveys to fill
important gaps. However, it is critical that science does not impede early ecosystem-scale
recovery actions; we do have sufficient knowledge to take action. In this panel session we
will discuss the relationships between science and policy communities in ecosystem
recovery efforts in the Salish Sea, including the science foundation for early action and the
science and policy knowledge gaps for recovery at the scale of the Salish Sea. Panel
members will include both US and Canadian professionals involved in the science and
policy of ecosystem-based management for the Salish Sea. Panelists will consider and
discuss such topics as: • An overview of Salish Sea status and trends and what they are
really telling us and how should the status and trends influence policy and science •
Examples of successes and challenges in science/policy collaboration. • Social constructs
and behaviors needed for successful ecosystem recovery • Identified opportunities,
specific approaches, and current challenges for science to more effectively inform policy
decision-making. Panelists: Katharine Wellman –Moderator, Vice Chair Puget Sound
Partnership Science Panel John Stein, Chair Puget Sound Partnership Science Panel Joel
Baker, Puget Sound Institute, University of Washington Angela Bonifaci, US Environmental
Protection Agency Tracy Collier, Puget Sound Partnership Thomas Leschine, School of
Marine and Environmental Affairs, University of Washington Ian Perry, Department of Fish
and Oceans, Canada Terre Satterfield, University of British Columbia
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317 Oceanography of Cowichan Bay: A background view for early
marine survival of Chinook and Coho salmon
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569 Marine Survival of Puget Sound Chinook salmon-New studies on
size-selective mortality and critical growth periods

Elwha River Restoration: Evolution of Habitats and
Ecosystems During a Massive Dam Removal Project I
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Presenter: David Beauchamp, University of Washington

Chair:

Jonathan Warrick

Authors:

This session will focus on findings from studies on the Elwha River and its estuary and
coast that describe the status and trends of the ecosystems and habitats during this
unprecedented dam removal project.
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Date:

5/1/2014

2:45 PM - 3:00 PM

David Beauchamp, University of Washington

Abstract: Size-selective mortality (SSM) is a significant force regulating recruitment at
multiple stage during the life cycle of anadromous salmon, but the early marine life stages
are consistently implicated as critical periods for growth and survival which influence SSM.
The life stage(s) and habitat(s) when and where SSM is imposed can vary considerably
among species, stocks, and life history strategies, and the relationship between size,
growth, and condition in freshwater and marine life stages to overall life cycle survival is
unclear for most stocks of salmon. Starting in Spring 2014, we will initiate a field sampling
program is 4 Puget Sound watersheds that methodically tracks the timing, duration, and
relative abundance of juvenile Chinook salmon at hatchery release, river outmigration
(smolt traps), rearing in estuarine delta (tidal channel traps) nearshore marine (beach
seines) and offshore marine habitats (purse seining and midwater trawling) of Puget
Sound from April through October. The timing and relative magnitude of SSM will be
determined by serial sampling of size distributions over a progression of life stages using
both direct measurements of body size and back-calculated estimates from scales or
otoliths. Disproportionate reductions in the contribution of smaller members to
subsequent life stages, especially to adult returns, can be used to determine the timing
and magnitude of SSM and identify critical periods of growth and survival. We will then
diagnose which factors most affect growth during critical periods through bioenergetics
modeling simulations that are linked to directed sampling of diet, growth and
environmental conditions. This approach could potentially improve run forecasting and
focus restoration efforts.
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Science, Policy and Partnerships
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694 Science, Policy and Partnerships
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[jebaker@uw.edu]Tracy Collier, Puget Sound Partnership
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662 The Elwha PlaneCam: A novel and affordable aerial survey
method tracking river and shoreline evolution in high
spatiotemporal resolution during the largest dam removal in
history
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Presenter: Andrew Ritchie, Olympic National Park
Authors:

Andrew Ritchie, Olympic National Park

Abstract: Concurrent removal of Elwha and Glines Canyon dams on the Elwha River,
Washington, is the largest dam removal and related sediment release ever undertaken.
The project began in fall 2011, and the older, smaller Elwha Dam was removed by spring
2012, while Glines Canyon dam is still being demolished. Repeat aerial surveys are
capturing river and shoreline changes at a temporal and spatial scale that allows tracking
the effects of sediment pulses released by dam drawdown and storm events. The Elwha
PlaneCam, a low-cost aerial survey platform developed during the project, is collecting
aerial imagery at 10-15 cm ground pixel resolution over more than 30 river km on a
weekly-to-monthly basis along the shoreline and river from the mouth to the reference
reach in Geyser Valley above the project. Structure-from-Motion surface reconstruction
techniques are used to build high-resolution orthoimagery and digital surface models to
calculate sediment erosion volumes from reservoirs, and to map geomorphic change in
the river, including parameters such as deposition, erosion, braidedness, wood density,
and sediment composition. These aerial survey data provide a uniquely detailed picture of
the complex changes unfolding as the Elwha river and shoreline transitions from a
sediment-starved to sediment-rich system. By fall 2013, more than 6 million cubic meters
of sediment have been eroded from the two former reservoirs, dramatically altering river,
estuarine, and nearshore plan and profile forms. Riverine changes include progressive
transition from pool-riffle to braided channel type and initial aggradation followed by
degradation driven by a large sediment wave moving through the system. At the river
mouth, new estuarine and shoreline habitat is evolving following deposition of more than
8 m at the river mouth as the delta prograded over 300 m.
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362 Suspended-sediment load in the lower Elwha River, Washington,
during dam decommissioning
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Presenter: Christopher Magirl, US Geological Survey
Authors:

Christopher Magirl, U.S. Geological Survey; Christopher Curran, U.S.
Geological Survey; Jeff Duda,

Authors:

Abstract: The removal of the Elwha and Glines Canyon Dams on the Elwha River will renew
access for anadromous salmonids to 70 miles of high quality habitat located primarily
within Olympic National Park. Concurrent dam removals began in 2011, with complete fish
passage projected in 2014. While the long-term benefits to anadromous populations are
undisputed, release of stored sediment behind the dams is temporarily elevating
suspended solids and degrading existing spawning habitat downstream of the Elwha dam.
To minimize deleterious effects in the lower river, give populations an early opportunity to
spawn and imprint on upstream habitats, and examine the response of anadromous fish to
the newly available areas, Chinook and coho salmon and steelhead were moved upstream
of Elwha and Glines Canyon dams in 2011 and 2012. We radiotagged and tracked 20 adult
Chinook salmon, 47 adult coho salmon, and 37 steelhead to determine spatial and
temporal movements and spawning in tributaries and the main stem river. An additional
10 coho and 1 chum salmon were tagged in the lower river and released to continue their
migration. Fish movements were monitored using fixed sites and mobile tracking. We also
observed substantial volitional fallback and subsequent spawning or migrational
movement in the lower river by all both Chinook and coho salmon. Kelting behavior was
common in tagged steelhead. We observed coho salmon and steelhead redds in Little
River, Indian Creek, the mainstem Elwha River, and side channels of the river. Two Chinook
redds were seen in the area upstream of Glines Canyon Dam. Tributaries seeded with
adults retained spawers while mainstem releases provided for more exploratory
migrational movements. The offspring from these relocated adults will have direct
outmigration access to the ocean and the river will be open for upstream migration when
they return as adults. Transplanting adult salmonids is labor intensive and requires source
populations from downstream for seeding, but can result in spawning activity in new areas
and can be managed to include hatchery and wild fish to supplement naturally occurring
colonizations.

Abstract: Over 6 million tonnes of suspended sediment flowed down the lower Elwha
River, Washington, in the first 24 months of a multi-year dam-decommissioning project
that started in September 2011. The project strategy involves progressive, simultaneous
removal of two dams through a process of controlled drawdowns occurring over a 2-3
year period. For nearly 100 years, the 32-m Elwha Dam, located on the Elwha River 8 km
upstream from the river mouth at the Strait of Juan de Fuca, has blocked access of
anadromous salmonids to the upper watershed. The construction in 1927 of the upper
dam (64-m Glines Canyon Dam located 22 km upstream from the river mouth) further
restricted the river. In all, about 34 million tonnes of sediment were trapped behind both
dams. The dam-removal process is expected to be completed in 2014, but during and after
removal, sediment will be allowed to transport downstream. Turbidity in the lower river,
measured continuously, was elevated during the two winter flood seasons of the project
with a median value of 140 FNU and 560 FNU in years one and two of the project,
respectively. For comparison, median turbidity in the river upstream from the project,
measured over year one, was 2 FNU. Turbidity values more than 200 FNU were common
when discharge exceeded 100 cubic meters per second, though turbidity rarely exceeded
1,500 FNU in year one. In year two, turbidity approached or exceeded 1,500 FNU for one
or more days on five occasions. A relation between suspended-sediment concentration
and turbidity (developed from the suspended-sediment sampling near the turbidity
sensor) allowed the calculation of suspended-sediment load at 15-minute intervals.
Samples from the river showed that suspended-sediment concentration was generally less
than 1,000 mg/L in year one but commonly exceeded 1,000 mg/L in year two as sediment
from upstream of Glines Canyon Dam was released. From May to July 2012 and from
October 2012 to July 2013, a near-continuous load of sediment was carried downstream.
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Center, Smithsonian Conservation Biology Center

Abstract: The ongoing removal of two hydroelectric dams from the Elwha River on
Washington’s Olympic Peninsula provides an unprecedented opportunity to study the
effects of dam removal and subsequent salmon restoration on river-dependent wildlife
species. Salmon are widely known to distribute marine nutrients into freshwater systems,
providing benefits to both riverine and upland wildlife communities through improved
nutrient availability. We examined two species of river-dependent wildlife (river otter
Lontra canadensis, and American dipper Cinclus mexicanus) to gather data on home range
and seasonal movement patterns, body condition, and dietary contributions from marinederived nutrients prior to and during dam removal. We radio-tracked ten river otters in
the Elwha River and adjacent Salish Sea, and collected biological samples from all otters
captured in the Elwha River as well as 246 dippers captured across four watersheds with
varying qualities of salmon runs. We are using stable isotopes (C, N) to track marine
derived nutrient contributions to the diets of otters and dippers, species that are both
sensitive indicators of aquatic food web quality. In both species, stable-isotope ratios
were more enriched in tissues from areas with intact salmon migrations, indicating greater
consumption of salmon tissues and potential enrichment of invertebrate prey. In dippers,
females breeding in areas with salmon migrations were in better condition and both sexes
were more likely to occupy territories in fall. Adult condition patterns were more
pronounced behind anthropogenic, compared to natural, obstructions. These patterns
indicate that dams have sizeable individual level impacts on aquatic consumers and
provide a valuable baseline to track the recovery of this watershed following completion
of dam removal.

#

445 Movement of transplanted adult salmonids in previously
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Abstract: The ongoing removal of the Elwha and Glines Canyon dams on the Elwha River
have mobilized a massive amount of sediment that has accumulated and altered habitats
throughout the watershed. Accumulation has been particularly high in the estuaries and
nearshore, significantly altering physical and biological conditions. We have been
measuring a suite of parameters since 2010 to better understand how sediment
accumulation and suspended sediment alter physical and biological conditions, and how
those changes alter habitat conditions. In estuarine and nearshore habitats we are
measuring salinity, temperature, turbidity, primary productivity, light availability, and
nutrient concentration. In the estuary we are additionally measuring pH, dissolved oxygen
concentration; in the nearshore we are additionally measuring current direction and
speed, wave height and direction, and sediment deposition and residence time. Our data
show that conditions in the estuary changed from a tidally influenced, brackish estuary to
a freshwater estuary that is episodically isolated from the river within one year of dam
removal. In addition to the fine sediment that has accumulated in the estuary, this
hydrologic change has resulted in ecological changes to the estuary, including a shift in
species composition of fish and invertebrates. In the nearshore, light availability has
decreased during the dam removal process, and the incidence of seafloor sedimentation
has increased, which is ephemeral owing to winnowing from periodic strong currents.
Burial, scouring, and reduced light availability caused by increased sedimentation are likely
negatively impacting algal communities in the nearshore that are within the Elwha River
plume. This study advances our understanding of how the timing and magnitude of
sediment delivery affects habitat availability, species persistence, and community
composition change with implications to future land-use changes.
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Abstract: Conceptual models of sediment distribution from the mouth of the Elwha River
developed prior to dam removal suggest two responses on the intertidal beach; 1) the
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cessation or reversal of chronic erosion, especially east of the river mouth, due to the
addition of new sediment volume to the beach and 2) a reduction in the average bed grain
size of the beach due to the composition of the expected sediment load from the
reservoirs. Furthermore, the documentation of strong alongshore transport directed to
the east along this shoreline suggests that the two responses described above should vary
in space and time, with a response occurring first near the river mouth and progressing to
the east over time. To track the intertidal response and test this conceptual model,
profile and grain size measurements have been collected at four cross-shore oriented
transects on the Elwha River delta, one to the west of the river mouth and three to the
east. Measurements were made intermittently between 2008 and 2011, and
approximately bi-weekly since February 2011. These high frequency measurements
supplement bi-annual large scale topographic and bathymetric surveys conducted by the
US Geological Survey. At the measurement site immediately to the east of the river
mouth patterns of profile accretion and a reduction in the mean grain size of the beach
suggests that, by July 2012, sediment associated with the dam removal was recruiting to
the foreshore and nourishing what has been a coarse eroding beach. In November 2012 a
large pulse of sediment arrived at the river mouth which built portions of the shoreline
seaward >200 m and initiated a transition of some portions of the formerly intertidal and
sub-tidal shoreline to back-shore habitat. The profile to the west of the river mouth has
also added sediment volume since the dam removal started, and our data also suggest a
reduction in the mean grain size of the beach there. By contrast, the two profiles
furthest to the east on the delta have continued to erode, though possibly at a declining
rate. There is little evidence for a reduction in grain size at these sites, though, suggesting
that a reduction in the erosion rate may not be due to the alongshore transport of
sediment from the river mouth and the addition of sediment volume. Rather, we
hypothesize here that the changing morphology of the river mouth and/or the sea-floor
may be altering the pattern of wave energy delivery to the beach and reducing alongshore
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Abstract: Process-based restoration aims to re-establish natural rates and magnitudes of
physical, chemical, and biological processes that sustain river and floodplain ecosystems,
thereby moving ecosystem conditions (physical, chemical, and biological) into the range of
natural potential conditions at any site. Ecosystem conditions at any site are governed by
hierarchical regional, watershed, and reach-scale processes, identifying restoration actions
that are necessary to restore ecosystem function should include analyses that answer two
main questions: (1) How have changes in riverine habitats affected biota?, and (2) What
are the ultimate causes of changes in riverine habitats? Answers to these questions
identify habitat types or areas that are most in need of restoration or will contribute most
to biological recovery, as well as the causes of degradation that must be addressed to
achieve restoration goals. Watershed analyses therefore include assessments of processes
controlling hydrologic and sediment regimes, floodplain and aquatic habitat dynamics, and
riparian and aquatic biota. Four process-based principles help guide river restoration
toward sustainable actions: (1) address root causes of degradation, (2) make sure actions
are consistent with the physical and biological potential of the site, (3) the scale of
restoration should match the scale of environmental problems, and (4) restoration actions
should have clearly articulated expected outcomes for ecosystem dynamics. Applying
these principles will help avoid common pitfalls in river restoration, such as creating
habitat types that are outside the range of a site’s natural potential, attempting to build
static habitats in dynamic environments, or constructing habitat features that are
ultimately overwhelmed by untreated system drivers.

#

403 NetMap: Data and GIS tools to inform landuse
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452 The Puget Sound Watershed Characterization Project – landscape
scale assessments of watershed processes and habitats to inform
regional and local planning
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134 Process-based principles for restoring river ecosystems
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Presenter: Dan Miller, Earth Systems

Regional or landscape-scale assessments integrated for local land use planning or
regulatory decisions, including emerging tools.

#

#

Stephen Stanley, WA Dept of Ecology; George Wilhere, Washington Dept. of
Fish and Wildlife; Colin Hume, Washington Dept. of Ecology

Abstract: Watersheds typically contain multiple jurisdictions that independently develop
land use plans which primarily rely on reach and site specific regulations to protect aquatic
resources. This fragmented planning approach largely fails to address the condition of
physical processes operating at a watershed scale that drive and sustain aquatic
ecosystems at the site and reach scale. Though both the scientific understanding of
watersheds at the landscape scale and assessment methods for characterizing them have
rapidly advanced, incorporation of this information into reach and site scale planning has
been slow. The Puget Sound Characterization Project , lead by the Washington
Departments of Ecology and Fish and Wildlife, offers a model of how local governments
working in conjunction with scientists from state regulatory agencies can begin to
effectively incorporate watershed scale information into local land use plans. The Puget
Sound Watershed Characterization Project has developed a series of coarse-scale
assessments at the watershed scale of the relative value of water flow and water quality
processes1, and habitats (terrestrial, freshwater (lotic), and marine shorelines)2
throughout Puget Sound. These assessment results have been applied by local
governments at both a local and regional scale for sub-area plans, in lieu fee and transfer
of development rights plans, stormwater retrofit plans and other efforts by local
governments to protect and restore areas critical to watershed processes and functions. A
website, web-map tool and users guide3 have been developed to improve access to the
geospatial data, and provide a framework which guides local and regional planners in the
use of the assessments for their own planning purposes. 1Volume 1: The Water
Resources Assessments (Water Flow and Water Quality) 2Volume 2: A Coarse-Scale
Assessment of the Relative Value of Small Drainage Areas for the Conservation for
Terrestrial and Freshwater Habitats in the Puget Sound Basin 3Volume 3: Users Guide for
Puget Sound Watershed Characterization (Draft)
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Dan Miller, Earth Systems

Abstract: NetMap (www.netmaptools.org) is a system of digital watersheds, synthetic
stream networks, and decision support tools implemented as add-ins to ArcGIS. NetMap
provides GIS access to software tools that were originally developed for research, but
have proven useful in providing needed information for management, conservation, and
educational purposes as well. Over the past decade, NetMap has evolved through
collaborative projects with management agencies and conservation groups to address
three primary objectives. 1) Creation of a digital landscape, in which physical and biologic
components and process interactions can be consistently quantified and placed in context
with spatial patterns of human activities and infrastructure. This enables users in different
locations and with different concerns to quickly access a common technical infrastructure
integrated with similar data types in consistent GIS formats. 2) Development of multiapplication decision support tools and documentation that integrate with the digital
landscape, designed with input from stakeholders, to address relationships between
aquatic and terrestrial habitats and single or multiple overlapping stressors. Decision
makers can analyze dissimilar landscapes in similar ways to promote common methods,
common vocabularies, and common problem-solving techniques to increase
communication and collaboration within and across agencies and stakeholders. 3) System
sustainability, in which all stakeholders contribute to the long-term support, maintenance,
and scientific evolution of the platform. Thanks to a grant from EPA and the Partnership
for Puget Sound, NetMap data sets have been developed for all of Puget Sound. Data sets
include a routed and attributed synthetic stream layer, flood-plain delineation (in terms of
elevation above the channel), estuary delineation (in terms of proportion of time
inundated). Analysis software include tools for modeling intrinsic aquatic habitat potential,
sediment inputs to streams from roads, and for identifying source areas for landslides,
surface erosion, and wood recruitment to streams. In this presentation, we will show what
data are available, how they may be accessed and used, and seek guidance on how these
resources can be better integrated with and contribute to other local and regional efforts.

#

465 The derivation and utility of a hydrologic condition index for
assessing land use effects and regulations

Room:
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2:15 PM - 2:30 PM

Presenter: Gino Lucchetti, King County
Authors:

Gino Lucchetti, King County; Jeff Burkey, King County

Abstract: In 2008, the US EPA and King County initiated a five year (2007 to 2012)
assessment of land use effects and regulatory effectiveness on the County’s lowland rural
streams and watersheds. As part of this effort, a Hydrologic Condition Index (HCI) was
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developed to quantify the hydrologic effect of land cover change in a way that would be
comparable across space and time scales. In order to develop the HCI, the combined
effect of geology and land cover on high pulse counts (HPCs, a measure of hydrologic
flashiness) was modeled using a 61-year precipitation record for five lowland watersheds
of western King County. The models provided average HPCs for each unique combination
(24 total) of geology (till and outwash) and twelve land covers, ranging in potential number
of HPCs from forest, producing the fewest, to paved road, producing the most. For all
statistics run (Pearson, R square etc), modeled results were rated as fair or better in
predicting HPCs. Meanwhile, in nine separate study watersheds (six treatment, three
reference) used to assess regulatory effectiveness, watershed area was broken into (1.8
m) grid cells and grid cell distances from the watershed monitoring point were calculated
and inverted (i.e., 1/distance) to make the relative hydrologic effect of land cover change
within small distances from a monitoring point “large” and vice versa. The modeled HPC
for a given grid cell’s combination of geology and land cover was weighted (multiplied) by
the grid cell’s inverted distance and products were then summed to create a watershed
score. To calculate the HCI, the resulting watershed scores were divided by the score for
the worst possible (all paved road) condition. To put hydrologic change during project
timeframe in perspective with modeled past and potential future conditions and to
provide comparison with an urban condition, HCIs were estimated for project timeframe,
historic (ca 1910, 1936 and 1965), full build out and reference (combinations of forest,
grass and impervious) conditions and a representative urban watershed (Juanita Creek).
Results suggest that the HCI is a precise and useful tool for quantifying and evaluating the
effect of land use and associated land cover change on stream hydrology and may be
suitable for use in other lowland “glacial drift” watersheds in Puget Sound.

development controls including zoning and local land use regulations, and collectively
absorbed more than 1.2 million new people. This is equal to a 37% growth from 1990, and
current projections are for continued rapid population growth. Land use plans must figure
out the “where will people live and work” and the “how will we pay for this” answers to
new population growth, including figuring out transportation from homes to work to
school and to other activities. It is clear our remaining undeveloped land available for new
development is limited, and that we will not accommodate many new people on rural
acreage. Cities are where most new residents will need to live. To accomplish this, cities
must become denser and better served by transit alternatives to the single occupancy
vehicle, and they must be welcoming and attractive and affordable to live in. The costs for
land and urban services will result in the need for taller buildings, not just larger urban
growth areas. Decision support tools enable landscape-scale analysis of relative
ecosystem attributes and degradation, provide essential information for long-term
sustainability planning, and assist with setting local and regional priorities for protection
and restoration investments; potentially reducing public risks of floods, fires, droughts and
other geological hazards; improving local understanding of the broader ecosystem context
of localities; and enabling smarter discussions among neighboring jurisdictions for longterm land use planning. Awareness of this information can reveal inconsistencies between
plans for development and protecting ecosystem processes, posing potential challenges to
adopted plans and political risks to elected officials. This can bring with it fears of change,
lost investments, unknown costs of mitigation actions, and the challenges of explaining
scientific models to the public. It also can raise the need for and costs associated with
increased inter-jurisdictional coordination and planning on a regional scale, to ensure
shared risks are addressed with shared costs.
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371 Assessment of ecological functions and flood-related risk on
floodplains along major rivers in the Puget Sound basin
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This session will highlight recent research evaluating beach processes and ecological
response to marine shoreline armoring throughout Puget Sound.
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Date:
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2:30 PM - 2:45 PM

Christopher Konrad, US Geological Survey

Abstract: Floodplains are vital part of landscape around the Salish Sea. Their aquatic and
terrestrial habitats support diverse and productive biological communities. They are a
focus for agricultural and urban development in the region. Because the dual importance
of floodplains, their protection and recovery must accommodate ecological and social
values through, for example, “multiple-benefits” projects that improve ecological function
while reducing flood-related risks to people. Floodplains along the 17 major rivers flowing
into Puget Sound were assessed to identify areas of opportunity for multiple-objective
floodplain projects as part of the “Floodplains by Design” project. The assessment
integrated existing geospatial data to evaluate five main ecological functions and two
components of flood-related risk. Most of functions and risks are evaluated in terms of
classes of land cover and connectivity that likely represent gross differences in the level of
function or risk across these floodplains rather than using a continuous scale. For example,
the classes used in the assessment of flood storage are based whether the floodplain is
connected to a river and whether it has medium or high levels of development. Likewise,
most of the functions and risks are evaluated for 10 m x 10 m cells in geospatiallyreferenced grids that extend across the floodplains. Some functions and risks do not
manifest at such small scales, so they are evaluated for larger spatial units of floodplains.
This regional-scale assessment is intended to inform a range of floodplain recovery efforts.
The assessment highlights areas across Puget Sound with flood-related risks but also the
potential to support many of the ecological functions of floodplains. The Puget Sound
Partnership is using this information to develop goals and indicators of floodplain
recovery. The Floodplains by Design project is using the assessment in discussions with
local, state, and federal floodplain managers about how to accelerate floodplain recovery.
Floodplain managers can use the assessment to “level the playing field” of information
across various floodplains values and, thus, give more thorough consideration of multiple
objectives in planning. By emphasizing the integration of basic geospatial information into
a category of function and risk rather than a value along one-dimension scale, the
assessment products can serve a variety of audiences with distinct values and missions.
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491 Watershed-based planning in the Salish Sea – advantages and
disadvantages of using emerging decision support tools in local
planning
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180 The impacts of armoring on Salish Sea beaches: overview,
background, and methods
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Date:

5/1/2014
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Presenter: Megan Dethier, University of Washington
Authors:

Megan Dethier, University of Washington; Sarah Heerhartz, University of
Washington; Andrea Ogston, University of Washington; Jeff Cordell, University
of Washington; Jason Toft, University of Washington; Helen Berry, WA Dept of
Natural Resources; Aundrea McBride, Skagit River System Cooperative; Eric
Beamer, Skagit River System Cooperative; Wendel Raymond, University of
Washington

Abstract: Shoreline armoring is widespread in the Salish Sea, but few data have
documented actual impacts on physical or biological features of local nearshore
ecosystems. Armoring marine shorelines can alter natural processes at multiple spatial
and temporal scales; some, such as ‘starving’ the beach of sediments, may take decades to
become visible, while others such as ‘placement loss’ are immediate. Two research teams
have been studying a broad set of sites to document parameters that do and do not
change when a shoreline is armored, and to determine under what conditions armoring
has significant effects. Our methodology has been to compare paired adjacent armored
and unarmored beaches. During the years 2010 - 2013 we completed surveys at 6 pairs of
beaches in South Sound, 25 pairs in Central Sound, and 36 pairs in the North. At all sites
we have data on habitat and setting (e.g., overhanging vegetation, location in the drift
cell); beach topography; sediment size distributions; abundance and types of logs, wrack,
and invertebrates in the wrack line; and juvenile clams at Mean Low Water. At some sites
we have data on forage fish spawn. Overall, demonstrating physical differences between
paired beaches is difficult given the very high natural variability among beaches, although
obvious effects such as reduction in beach width are evident. Limited data show that wave
heights are greater where they interact with armoring, and beach slope near the armoring
tends to steepen. Many biological effects are clear at the upper part of the beach, while
lower elevation effects (further from armoring) are progressively harder to demonstrate.
Armoring impacts are less dramatic at the pairs of beaches in the northern Salish Sea.
There does not appear to be a distinct threshold in elevation of armoring that causes
increased impacts, but instead a gradient. Analyses of these diverse datasets are ongoing,
and results are detailed in the following linked presentations.

Douglas Peters, WA Dept. of Commerce

Abstract: Land use planning in Washington state empowers local governments to
comprehensively plan for their future. In the first two decades since the GMA was passed,
all Puget Sound area counties and their cities have created new plans, adopted new
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1:45 PM - 2:00 PM

Presenter: Aundrea McBride, Skagit River System Cooperative
Authors:

Aundrea McBride, Skagit River System Cooperativ; Megan Dethier, University
of Washington; Eric Beamer, Skagit River System Cooperative

Abstract: We quantified geomorphic parameters at 36 armored-unarmored site pairs in
Snohomish, Island, Skagit, San Juan, and Whatcom counties. Most sites were in relatively
wave-protected waters, except for the exposed side of Whidbey Island. In all cases, both
beaches in a pair were within a drift cell and most were on bluff backed beaches that are
eroding and contributing sediment to the drift cells. Sites were matched for aspect and
nearshore bathymetry. Key parameters that were affected by armoring included elevation
of the top of the beach (lower in front of armoring) and width of the beach (narrower
when armored). Detailed topographic surveys and sediment grain size data were used to
test for a signal of scouring impact in front of armoring, and increase in slope of armored
beaches. Detailed grain size analyses, within the context of beach sediment source
material, tested for hypothesized coarsening of sediments on armored beaches. Beachscale comparisons were structured to identify local-scale impacts to the beach ecosystem,
but our analyses also compared armoring effects at larger spatial scales by seeking
differences in largely-armored vs. largely-unarmored drift cells. The inter-related sediment
dynamics within a drift cell build and change habitats, thus impacting shoreline ecology.
We compared pocket estuary tidal prism to pocket estuary opening, backshore width and
area, and bluff retreat in cells of similar exposure, length, and sediment input. In addition,
we have tested for long-term impact by comparing beach elevation and topography from
sites where historic survey data are available, as much as possible using data prior to
development, e.g. in the 1880s. The drift cell scale analyses are intended to identify the
cumulative habitat impacts of shoreline armoring over time.
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325 Shoreline armoring disrupts marine-terrestrial connectivity in the
Salish Sea, with consequences for invertebrates, fish, and birds
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Presenter: Sarah Heerhartz, University of Washington
Authors:

Sarah Heerhartz, University of Washington; Megan Dethier, University of
Washington; Jason Toft, University of Washington; Jeff Cordell, University of
Washington; Andrea Ogston, UW

Abstract: Within the marine-terrestrial ecotone, upper intertidal “wrack zones”
accumulate organic debris from algae, seagrass, and terrestrial plant sources and provide
food and shelter for many organisms. We conducted detailed surveys of wrack and log
accumulations and supralittoral invertebrates in spring and fall over 3 years at 29
armored-unarmored beach pairs in Puget Sound, WA, USA. Additionally, behavioral
observations of juvenile salmon (Oncorhynchus spp.) and birds were conducted at 6 pairs.
Armored beaches had substantially less wrack overall, a lower proportion of terrestrial
plant material in the wrack, and far fewer logs. Armored beaches had significantly fewer
invertebrates and differed from unarmored beaches in their taxonomic composition.
Unarmored invertebrate assemblages were dominated by talitrid amphipods and insects,
and were correlated with the amount of beach wrack and logs, the proportion of
terrestrial material in wrack, and the maximum elevation of the beach. Shoreline
armoring influenced juvenile salmon distribution, with fewer overall observations and fish
in deeper water at armored beaches, but their feeding rates were relatively high at all
sites. Terrestrial birds were commonly observed foraging among beach wrack and logs at
unarmored beaches, but were largely absent from armored beaches. This study
demonstrates that shoreline armoring disrupts marine-terrestrial connectivity, affecting
the amount and type of organic material delivered to the nearshore ecotone in the form
of wrack and logs, the abundance and taxonomic composition of supralittoral
invertebrates, and the distribution and behavior of secondary consumers (juvenile salmon
and birds).

suggested that seawall armoring affects the species assemblage structures of fish and
crabs in intertidal and shallow subtidal areas. Flatfish in particular were negatively
impacted by seawall presence and occurred in lower densities at seawall sites than
reference beaches. Additionally, all observations of larval fish and black rockfish Sebastes
melanops occurred at the reference beach Olympic Sculpture Park. Diet sampling from
juvenile Pacific salmon Oncorhynchus spp. captured at these sites suggested that seawall
armoring also influences diet composition, especially by reducing benthic and epibenthic
prey consumption. These results suggest that seawall armoring can influence the use of
nearshore habitats by fish in Puget Sound.
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268 The Cumulative Impacts of Shoreline Armoring on Forage Fish
Spawning Habitat in San Juan County, Washington
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Presenter: Tina Whitman, Friends of the San Juans
Authors:

Tina Whitman, Friends of the San Juans; Daniel Penttila, Salish Sea Biological;
sally Hawkins, Friends of the San Juans; Andrea MacLennan, Coastal Geologic
Services

Abstract: Protection programs are not holding the line against the incremental impacts of
shoreline development. Habitat of the beach-spawning surf smelt (Hypomesus pretiosus),
a forage fish critical to marine food webs, is vulnerable to the impacts of armoring and sea
level rise (Simenstad et al 1979, Thom et al 1994, Krueger et al 2009). Scientists in San Juan
County, Washington recently completed research on the tidal distribution of surf smelt
eggs; the cumulative impacts of armoring on forage fish spawning habitat; and sea level
rise vulnerability. To determine the tidal distribution of surf smelt eggs, samples were
collected at 26 transects across the vertical beach profile of active spawn events in five
regions of the County. Results show that 35% of incubating surf smelt eggs are located
above Mean Higher High Water. ArcGIS was used to evaluate the cumulative impacts of
armoring on forage fish spawning habitat, including direct burial, indirect impacts such as
disruptions to sediment processes and shoreline development patterns. Findings show
that shoreline armoring buries just over 10 acres of known surf smelt spawning habitat in
the County. Armored feeder bluffs and armor located below mean sea level occur in drift
cells with known surf smelt spawning habitat, disrupting sediment supply and transport. A
strong relationship between residential home setback distances and the likelihood of
armoring was also documented; 74% of armored sites have a house located closer than
100 feet from the marine shoreline. Sea level rise vulnerability models were applied across
moderate and high projection scenarios and two planning horizons (2050 and 2100).
Results indicate that forage fish spawning beaches will likely be threatened by sea level
rise in the short term, especially at the 16% of sites where existing armor will constrain the
landward translation of upper beach habitat (Griggs et al 1994, Krueger et al 2009). Results
have implications for improved management of shorelines across the Salish Sea, including
both protection and restoration strategies.
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Campaigns for Engagement
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Panel: Successful campaigns and engagement strategies – learning from local, regional
and national experiences.
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366 Assessing the effects of seawall armoring on fish in Elliott Bay,
Washington

Room:
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Date:

5/1/2014

2:15 PM - 2:30 PM

Presenter: Stuart Munsch, University of Washington
Authors:

Stuart Munsch, University of Washington; Jeff Cordell, University of
Washington; Jason Toft, University of Washington

Abstract: Seawall armoring is ubiquitous along developed shorelines worldwide, but its
effects on fish and crabs are poorly understood. In related studies, we compared habitat
use between three nearshore sites that were modified by seawalls and three unarmored
reference beaches with minimal anthropogenic structure in Elliott Bay, Washington.
Snorkel surveys at the surface and scuba surveys at the bottom of the water column
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Ocean acidification - A collaborative response at the
Seattle Aquarium
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“This session will share the integrated approach the Seattle Aquarium uses to convene
scientific expertise and educational outreach around ocean acidification. Panelists will
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address collaboration on oceanographic monitoring, building communication skills among
scientists, the Wendy Schmidt Ocean Health XPRIZE pH sensor competition and best
practices for OA interpretation.”

#

482 Building synergies in ocean acidification research and monitoring:
from Washington to the world
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Date:
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Presenter: Jan Newton, Washington Ocean Acidification Center
Authors:

Dr. Jan Newton, Washington Ocean Acidification Center

Abstract: There are several exciting examples of scientific collaboration regarding ocean
acidification (OA) to highlight. At the state level, the Washington state legislature
established the Washington Ocean Acidification Center (WOAC) in July, 2013. A principal
goal of the Center is to implement five actions recommended by the Washington Blue
Ribbon Panel on Ocean Acidification and endorsed by the legislature
(http://coenv.washington.edu/research/major-initiatives/ocean-acidification/). The work
underway on these actions, which includes integrated monitoring, experimental work on
local species, and modeling of OA conditions, will be presented. On the regional to
national level, the Northwest Association of Networked Ocean Observing Systems
(NANOOS) has been working with the US Integrated Ocean Observing System (IOOS) and
NOAA’s Ocean Acidification Program to integrate observations, data, and stakeholders,
including shellfish growers and local and tribal natural resource managers. NANOOS’s data
delivery system serves data streams from diverse partners, like NOAA PMEL, UW, Taylor
Shellfish, Lummi Shellfish/Pacific Shellfish Institute, and the Seattle Aquarium, through its
visualization system (NVS: http://nvs.nanoos.org/). This data system connects to national
databases via IOOS and also to the global scale. UW and NOAA have played key roles to
foster international coordination on OA observing. The plan defining a Global OA
Observing Network stemmed from a 2012 NOAA workshop UW hosted with scientists
from 23 nations. The Center is well connected to these national and global efforts. WOAC
is also playing a key role in promoting other ocean acidification relevant activities that
include coordination with the Seattle Aquarium. UW has long partnered with NOAA PMEL
to observe OA in PNW waters (e.g., Feely et al., 2010); this effort includes NOAA PMEL
sensors located at the Seattle Aquarium. More recently, the Center is partnering with
NOAA PMEL, the Seattle Aquarium, and the XPRIZE Foundation in their effort to test new
instruments capable of measuring OA variables. OA is a global problem with local effects.
This issue demands our coordinated response, which is happening at several scales, as
outlined here. The Center will continue to work through local to global partnerships to
bring knowledge on OA to Washington.
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669 Partnerships for Innovation: The Wendy Schmidt Ocean Health
XPRIZE

SEATTLE AQUARIUM
Room:
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Date:

5/1/2014
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Presenter: Nicole Killebrew, Seattle Aquarium
Authors:

Nicole Killebrew, Seattle Aquarium

Abstract: There are several exciting examples of scientific collaboration regarding ocean
acidification (OA) to highlight. At the state level, the Washington state legislature
established the Washington Ocean Acidification Center (WOAC) in July, 2013. A principal
goal of the Center is to implement five actions recommended by the Washington Blue
Ribbon Panel on Ocean Acidification and endorsed by the legislature
(http://coenv.washington.edu/research/major-initiatives/ocean-acidification/). The work
underway on these actions, which includes integrated monitoring, experimental work on
local species, and modeling of OA conditions, will be presented. On the regional to
national level, the Northwest Association of Networked Ocean Observing Systems
(NANOOS) has been working with the US Integrated Ocean Observing System (IOOS) and
NOAA’s Ocean Acidification Program to integrate observations, data, and stakeholders,
including shellfish growers and local and tribal natural resource managers. NANOOS’s data
delivery system serves data streams from diverse partners, like NOAA PMEL, UW, Taylor
Shellfish, Lummi Shellfish/Pacific Shellfish Institute, and the Seattle Aquarium, through its
visualization system (NVS: http://nvs.nanoos.org/). This data system connects to national
databases via IOOS and also to the global scale. UW and NOAA have played key roles to
foster international coordination on OA observing. The plan defining a Global OA
Observing Network stemmed from a 2012 NOAA workshop UW hosted with scientists
from 23 nations. The Center is well connected to these national and global efforts. WOAC
is also playing a key role in promoting other ocean acidification relevant activities that
include coordination with the Seattle Aquarium. UW has long partnered with NOAA PMEL
to observe OA in PNW waters (e.g., Feely et al., 2010); this effort includes NOAA PMEL
sensors located at the Seattle Aquarium. More recently, the Center is partnering with
NOAA PMEL, the Seattle Aquarium, and the XPRIZE Foundation in their effort to test new
instruments capable of measuring OA variables. OA is a global problem with local effects.
This issue demands our coordinated response, which is happening at several scales, as
outlined here. The Center will continue to work through local to global partnerships to
bring knowledge on OA to Washington.

Session: S-07C

Water Pollution Identification and Correction (PIC)
Programs: methods, resources, and success stories
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3:30 PM - 5:00 PM

Presenter: Paul Bunje, XPRIZE Foundation

Water Pollution Identification and Correction (PIC) programs have been developed and are
being used by Puget Sound counties to successfully improve water quality by identifying
and correcting water pollution from fecal sources such as onsite sewage systems,
agricultural animal and livestock, pets, and urban wildlife.
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221 The Clean Samish Initiative: Using PIC in a Large, Mixed-Use
Watershed
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295 Ocean Acidification Communication and Engagement
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Presenter: Heather Galindo, Western Washington University
Authors:

COMPASS

Abstract: The media play a critical role in providing information, context, and framing for
the science of emerging environmental issues for policymakers and the public. This is
especially true for ocean acidification which is a topic new to many people, is already
impacting people’s livelihoods, and has both local and global causes and consequences.
However, in order to effectively engage with both journalists and policymakers, scientists
need opportunities to develop ways to talk clearly about their research and why it
matters. Over the past few years, COMPASS has supported the ocean acidification science
community by providing opportunities for engagement through conference symposia,
press briefings, communication trainings, policy briefings, legislative field trips, and more.
Collectively, these experiences provide insight into what works, what doesn’t, and
communication challenges specific to ocean acidification. By taking a critical look at these
insights, the community can more effectively move forward in connecting the impacts of
their research to the wider world.
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298 OCEAN ACIDIFICATION – A COLLABORATIVE RESPONSE AT THE
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Authors:

Pascale Warren, Skagit County Public Works; Rick Haley, Skagit County Public
Works

Abstract: The Clean Samish Initiative (CSI) was established in 2009 as a collaborative effort
to reduce fecal coliform pollution in the Samish watershed. It brought together local
industries, private citizens, conservation groups, educational outreach organizations,
tribes, local government and state and federal agencies to outline a strategy forward
based on shared responsibilities. As part of this effort, Skagit County began implementing
a Pollution Identification and Correction (PIC) program in 2010 in the Samish basin. Over
the last four years, some major headway has been made in curbing bacterial pollution
sources, mainly from agriculture and on-site septic systems (OSS). Remaining portions of
the Samish not part of the original Marine Recovery Areas were designated as such. This
change brought an additional 900 OSS into the MRA system and subjected them to more
stringent Health Department monitoring. In this predominantly agricultural watershed, a
systematic evaluation of all non-timbered parcels led to over 5000 parcels being
investigated to assess their potential to pollute. Property inspections on high priority
properties as determined by land use and bracket monitoring were employed to isolate
sources of fecal coliform bacteria. A continuous outreach and education presence in the
basin through the local conservation district and fisheries enhancement group,
neighborhood stewardship movements and various others have increased awareness of
the extent of pollution and its many sources, disseminated knowledge on ways to protect
waterways, and prompted landowners into taking voluntary steps to improve their
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properties and pasture conditions. With the technical assistance of the CD and numerous
financial incentives, Samish basin residents have implemented over 100 structural BMPs
ranging from fencing livestock out of water bodies, building manure storages, creating
winter confinement areas for livestock, and installing off channel watering facilities.
Despite these accomplishments, our monitoring suggests that more remains to be done to
achieve the level of reduction in fecal coliform counts needed to upgrade shellfish beds
and protect public health. In addition, identifying the programs and motivation needed to
increase BMP implementation level has been a difficult challenge. The initial grant funding
has however created a robust program and forged a needed cooperation between
stakeholders that Skagit County can build upon to continue improving water quality.

#

286 Hood Canal Pollution Identification and Correction: A Regional
Approach
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Presenter: Julie Horowitz, Hood Canal Coordinating Council
Authors:

Julie Horowitz, Hood Canal Coordinating Counci

Abstract: The regional Hood Canal Pollution Identification and Correction (HCPIC) program
is a unique opportunity to combine the strengths of current Pollution Identification and
Control (PIC) and water quality programs of the jurisdictions in the Hood Canal watershed
to build a comprehensive, regional, robust HCPIC program that can address water quality
in Hood Canal. Water quality is critical to protecting and enhancing human and ecological
health, as well as, critical shellfish industry resources. In a watershed with approximately
25,000 onsite septic systems (OSS), many in close proximity to waterbodies, PIC programs
and other water quality programs have been essential to maintaining and improving water
quality and will continue to be vital for the health of Hood Canal. Likewise, limiting
nitrogen inputs from OSS, stormwater, and agricultural runoff can help improve dissolved
oxygen concentrations in Hood Canal. The regional HCPIC involves Hood Canal watershed
regional partners, including the local health jurisdictions and stormwater programs for
Mason, Kitsap and Jefferson Counties, the Skokomish Tribe, the Port Gamble S’Klallam
Tribe and the Hood Canal Coordinating Council. This regional team recently completed the
planning phase developing regional strategies for monitoring, PIC implementation
(stormwater strategy, animal waste strategy, regional protocols, and a five year work
plan), as well as, a regional regulatory review, GIS mapping of OSS, and a funding strategy.
The goal of this regional approach, in the Hood Canal Action Area, is to enable efficient,
prioritized, and coordinated responses by the jurisdictions sharing a common watershed.
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332 A Partnership Approach to Protecting and Improving Water
Quality in the Shellfish Watersheds of Pierce County
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Abstract: Commercial shellfish growing is a significant economic driver on the Key
Peninsula of Pierce County, Washington. In response to the downgrades of several
shellfish areas in the 1990’s and early 2000’s and the establishment of Shellfish Protection
Districts and Closure Response Plans, it was recognized that a more proactive approach
was needed. In an effort to build cooperation and a partnership across Pierce County, and
address bacterial contamination in the shellfish growing areas, a Pierce County Shellfish
Partners Strategic Plan was developed and formalized in March of 2013. The partnership
initially included Pierce County Surface Water Management (SWM), Pierce Conservation
District (PCD), and Tacoma-Pierce County Health Department (Health Department) but
expanded to include numerous agencies, organizations, businesses, and even individuals.
This Shellfish Partners Strategic Plan built up on the work of local agencies first formalized
in 2006 but now identifies and coordinates the mission, goals, strategies and tasks of
government and stakeholders. It describes the key elements of a fully functioning shellfish
water quality pollution prevention, identification and correction program and it strives to
meet the Vision: “Governments and stakeholders are actively working together to improve
water quality in the shellfish watersheds of Pierce County.” This presentation will focus on
the partnerships and processes utilized to maintain and continue to refine a robust
pollution prevention, identification, and correction program in an effort to protect public
health and the environment. It will also discuss the programs formed through cooperative
efforts such as septic grant and loan programs, landowner outreach, natural yard care,
monitoring and farm animal Best Management Practice (BMP) assistance .
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334 A "How to Guide" for Water Pollution Identification and
Correction; funding criteria, methods and resources
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Authors:

Eva Crim, Kitsap public health

Abstract: Puget Sound counties are using Pollution Identification and Correction (PIC)
programs to track down and fix water pollution problems from onsite sewage systems and
livestock. PIC programs are complex; often requiring collaboration within agencies and
with partners such as Conservation Districts, other government agencies and Tribes to
coordinate monitoring, outreach, technical assistance, use of incentives and enforcement.
Kitsap Public Health and the Washington State Departments of Health and Ecology
recently developed a PIC guidance document that includes methods and resources to
assist agencies with establishing or improving PIC programs. The guidance document also
includes nine key elements drafted by the Department of Ecology which will be used as
criteria to evaluate programs for grant funding opportunities. This presentation will
include an overview of this “how to” guide. There will be a description of the following
topics contained in the manual: funding criteria; using water quality monitoring data to
prioritize work; methods and tools used for source tracking; education and outreach
resources; property inspections involving agricultural properties, onsite septic systems
and other land use practices that impact water quality.
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535 Contaminants of Emerging Concern as a Tool to Differentiate
Bacterial Contamination from Human Activity
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Shawn Ultican, ; Justin Miller-Schulze, Universtiy of Washington Tacoma;
Andrew James, Puget Sound Institute, UWT; Joel Baker, University of
Washington Puget Sound Institute

Abstract: Bacterial and nutrient contamination of streams and marine water effect many
areas around the Salish Sea. Identifying and correcting the sources of this pollution can be
a challenging task. This project investigated using a suite of chemicals known as
Contaminants of Emerging Concern (CEC) to differentiate between human-associated
sources such as sewage or farm runoff, and those coming from natural sources like
wildlife. These CEC are chemicals which include medicines, herbicides, and compounds
commonly consumed by humans. Advances in analytical methods over the last decade
allow these compounds to be detected at very low concentrations (ng/L) in surface water
samples. Surface water impacted by human activity may contain CEC that could be used to
identify likely sources. To test this hypothesis, sampling was conducted under a
collaborative partnership between the Kitsap Public Health District, and University of
Washington Center for Urban Waters. Sites were selected to represent locations affected
by known failing septic systems, agricultural run off, some unknown sources, and
background controls. Samples were analyzed for a suite of 20 CEC compounds, as well as
fecal coliform bacteria, nitrogen, and phosphorous. The results indicate that CEC in the
environment can be highly variable, depending on the type of source, transport pathway,
and site conditions. Some compounds are persistent and widespread, while others are
rarely detected. Individual CEC compounds used by themselves are probably not suitable
to differentiate pollution from human activites. However, several compounds used
together, such as ibuprofen, acetominophen, and metabolites of caffeine and nicotine
show promising correlation with human sources of bacterial pollution. The value of other
CEC as source tracking tools may depend on using them in combination, or in comparison
to background concentrations. NOTE: Another abstract based on this sampling project has
been submitted for the session on Occurrence and Impacts of Contaminants of Emerging
Concern. (Paper#236) This abstract is for an oral presentation in the Water Pollution
Identification & Correction session.
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564 Contaminants of Emerging Concern:How are These Identified?
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Authors:

Andjela Knezevic-Stevanovic, Metro Vancouver; Les Swain, ; Stan Bertold,

Abstract: In 2011, Metro Vancouver began to assess the effluents from its major
wastewater treatment facilities in order to determine whether environmental discharge
objectives (EDOs) would be needed for an upgraded Lions Gate, or expanded Annacis
Island, wastewater treatment facility. This work was undertaken as part of Metro
Vancouver’s policy commitment to providing services and solutions for a livable region.
The process used to develop EDOs was that outlined in the Canada-wide Strategy for the
Management of Municipal Wastewater Effluent endorsed by the Canadian Council of
Ministers of Environment (CCME) in February 2009. In reviewing the draft EDOs, BC
Ministry of Environment staff encouraged Metro Vancouver to identify contaminants of
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emerging concern that could be an issue at the WWTP in the future. This left Metro
Vancouver and its consultants in a quandary. EDOs are to be developed where measured
concentrations exceed water quality guidelines (criteria) outside of the initial dilution
zone. Water quality guidelines do not exist for most of the hundreds of substances that
have been measured in the effluent or the receiving environment. Specifically, which of
these hundreds of substances are of emerging concern and how can one determine
whether any impact from them is environmentally significant? In our presentation, we will
outline briefly the process followed, new guidelines that are being developed, and provide
examples of the difficulties in assessing data for relatively common substances where
guidelines do not exist.

in the Greater Puget Sound area over 37 years (1972–2008). A parallel analysis was also
conducted for coho salmon (Oncorhynchus kisutch) outmigrating from many of the same
hatcheries. For all years combined, juvenile Chinook transiting contaminated estuaries
exhibited an overall rate of survival that was 45% lower than that for Chinook moving
through uncontaminated estuaries, which was confirmed when tested year by year. The
results for coho originating from the same hatcheries and sharing a similar marine
distribution indicated no substantial differences among estuaries. These observations have
important implications for wild juvenile Chinook that spend more time in the estuary
compared with hatchery-reared fish.
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277 Developing and optimizing a coordinated Salish Sea zooplankton
monitoring program
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Presenter: Julie Keister, University of Washington
Authors:

Julie Keister, ; David Mackas, Fisheries and Oceans Canada

Abstract: Zooplankton occupy a key intermediate position in pelagic food webs. We know
from a variety of studies that zooplankton communities are strongly variable at seasonal
and longer time scales, and that changes in the zooplankton affect other components of
the ecosystem. Ecologically-important modes of zooplankton variability include changes in
total productivity and biomass, changes in community composition and food value,
changes in seasonality, and perhaps also changes in the location and intensity of dense
aggregations. Salish Sea zooplankton time series data are needed to know how the local
zooplankton are changing over time, and to understand how these changes affect
harvested fish populations, and more broadly how climate shifts will affect the entire
marine ecosystem. Unfortunately, although there is a long history of zooplankton
research in the Strait of Georgia and Puget Sound, the overwhelming majority of the
sampling programs have been short term efforts, done with differing objectives, sampling
designs and methods, and separated by many unsampled time intervals. Numerous
research groups have independently identified the data gap and are advocating for
development of an ongoing coordinated monitoring program. Through the collaborative
U.S.-Canada Salish Sea Marine Survival project, we are developing a full Salish Sea
zooplankton sampling program aimed at providing data that will answer questions about
patterns in zooplankton as prey sources and as indicators of environmental change. The
dominant Salish Sea zooplankton include taxa (and developmental stages within taxa) that
differ greatly in body size, depth range, migration behavior and ability to avoid capture by
nets. For this reason, no single sampling method can be optimal for all components of the
zooplankton community. We will discuss the program we are planning including the
scientific questions that will shape the sampling plan, the choice of locations, equipment,
partners, and protocols, and the costs and benefits of different choices of sampling
methods. Our goal is to provide a monitoring program that is responsive to the
community’s needs, is flexible and expandable, is sustainable into the future while
permitting robust comparisons with historical data, and is streamlined and efficient to
make the most of available funding. We welcome input and discussion.
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375 Do chemically contaminated river estuaries in Puget Sound (WA,
USA) affect the survival rate of hatchery-reared Chinook salmon?
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Presenter: James Meador, NOAA
Authors:

Room:

James Meador, NOAA

Abstract: This study examined the rate of survival for hatchery-reared, ocean-type juvenile
Chinook salmon (Oncorhynchus tshawytscha) to the adult life stage in relation to
contamination status for estuaries where they temporarily reside. The hypothesis tested
here is that juvenile Chinook from Puget Sound (Washington, USA) area hatcheries exhibit
differential survival as categorized by the state of contamination in their respective natal
estuaries. Data were examined from 20 hatcheries that released fish to 14 local estuaries
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This session will provide the greater Salish Sea community with a Salish Sea Marine
Survival Project status report. The presentations will describe the proposed, ongoing, and
recently completed research and how the work is being coordinated within and between
the U.S. and Canada.
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548 Assessing the threat of toxic contaminants to early marine
survival of Chinook salmon in the Salish Sea

Sandie O'Neill, ; James West, WA Dept of Fish & Wildlife; Gina Ylitalo, ; Andrea
Carey, Washington Department of Fish and Wildlife; Laurie Niewolny, WA
Dept of Fish & Wildlife; Jennifer Lanksbury, WA Dept. of Fish and Wildlife ;
Lyndal Johnson,

Abstract: Human development of the Salish Sea has resulted in loss and modification of
salmonid habitats, including reduced habitat quality due to contaminant inputs,
particularly in the lower reaches of rivers and estuaries of the central Puget Sound.
Chemical contaminants released into the Salish Sea from anthropogenic sources can
reduce the health and productivity of salmon. Juvenile salmon are exposed to
contaminants in freshwater, estuarine, and marine habitats but they are particularly
vulnernable as they transition from fresh to saltwater because this life history stage is
especially sensitive to stressors that may reduce their early marine survival. Reduced
growth and disease resistance have been demonstrated for juvenile Chinook salmon
exposed to environmentally relevant contaminant levels; however, synoptic, Puget Soundwide surveys to assess the extent and magnitude of contaminant exposure are lacking. In
this study we measured exposure of juvenile Chinook salmon to chemicals of concern that
enter Puget Sound via stormwater, wastewater treatment facilities, atmospheric
deposition to marine waters, and groundwater. During the spring and summer of 2013,
outmigrating fish were sampled from the river mouthes and two adjacent marine
shorelines at each of five Puget Sound river-estuary systems: Skagit, Snohomish,
Green/Duwamish, Puyallup/Hylebos, and Nisqually. We (1) report the extent and
magnitude of exposure, (2) compare exposure in outmigrants across five major riverestuary systems, and (3) evaluate potential effects on marine survival. Results will be used
to establish a time series of contaminant conditions in juvenile Chinook salmon to
measure the effectiveness of current toxics reductions strategies and actions, inform
future pollution reduction efforts, and enhanced recovery of Chinook salmon.
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254 Modelling Ecosystem Processes Acting On Upper Trophic Level
Managed Species in the Salish Sea – Lessons Learned and Future
Goals
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Presenter: David Preikshot, Madrone Environmental
Authors:

David Preikshot, Madrone Environmental; Chris Harvey, NOAA-NWFSC; Ian
Perry, Fisheries and Oceans Canada

Abstract: Ecosystem models provide a means to examine how large-scale drivers and food
web interactions can influence change in marine species. Coho and Chinook salmon are
iconic species in the Salish Sea and have been significant components of ecosystem
models developed for its sub-basins. We present results from models of three regions in
the Salish Sea: the Strait of Georgia, the Central Basin of Puget Sound, and the Southern
Basin of Puget Sound. Each of these models provides reasonable simulations of how
ecosystem-level mechanisms can influence changes in target managed species. While
there is some overlap in these models’ ability to explore changes in mammals and fished
species, regional differences remain that make it difficult to integrate knowledge at the
scale of the Salish Sea as a whole. For example, the Strait of Georgia and Puget Sound
models all suggest that bottom-up type dynamics have influenced the dynamics of many
species. Significant contrast, however, can be seen in the dominance of the Central basin
of Puget Sound by ratfish, approximately a third of all fish biomass whereas, in the Strait of
Georgia, Pacific herring and small pelagic species account for a third of all fish biomass.
Understanding these similarities and differences will help researchers explain why
significant species like Coho and Chinook salmon can exhibit quite different population
dynamics in regions of the Salish Sea. As part of an integrated project spearheaded by the
Pacific Salmon Foundation and Long Live the Kings, we hope to increase the overlap in
both species and mechanisms modelled in future iterations of these modelling efforts.
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178 Development of a head-mounted satellite-linked PIT tag reader
for seals and sea lions

Room:
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Date:
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4:30 PM - 4:45 PM
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355 Spartina Control Program in British Columbia – New and
Improved with an herbicide option
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Presenter: Austen Thomas, University of British Columbia

Presenter: Dan Buffett, Ducks Unlimited Canada

Authors:

Authors:

Austen Thomas, University of British Columbia; Albert Franzheim, Wildlife
Computers; Todd Lindstrom, Wildlife Computers; Warren Leach, Oregon RFID;
Andrew Trites, University of British Columbia; Brian Battaile, University of
British Columbia

Abstract: Biologists speculate that an increased population of harbor seals feeding on
salmon smolts may have caused the observed decline in Chinook and Coho abundance in
the Salish Sea. However, no method currently exists to accurately and effectively quantify
seal predation rates of salmon smolts at the population scale. Passive Integrated
Transponders (PIT tags) are often implanted in juvenile salmonids and used for population
tracking and the determination of survival rates. Such PIT tagging efforts also provide a
unique opportunity to assess the level of smolt predation by seals and sea lions. We have
designed and built a prototype that contains electronics capable of identifying and logging
PIT tags ingested by seals, and transmitting this information to a satellite. This prototype is
battery powered and designed to be suitable for head-mounting to a harbor seal. Phase 1
feasibility testing aims to determine the capabilities of the prototype on captive harbor
seals. Specifically, the detection rates for alternative PIT tag types (12mm, 23mm, HDX,
FDX), and the length of time PIT tags are in the detection field during swallowing will be
tested. This information will be used to determine the necessary RFID sampling
rate/power consumption and guide the development of a field-ready instrument. The final
prototype will be capable of logging the time and identification numbers of seal-ingested
PIT tags, with the ability to transit that information via the AROGS satellite network. From
those data, researchers will be able to accurately estimate smolt predation rates, and
identify which individual stock is impacted by seal predation based on ingested PIT tag IDs.
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184 Movements of sub-adult Chinook salmon, Oncorhynchus
tshawytscha, in Puget Sound, Washington, as indicated by
ultrasonic tracking
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Presenter: Anna Kagley, NOAA Northwest Fisheries Science Center
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Anna Kagley, NOAA/NMFS/NWFSC; Joe Smith, University of Washington;
Thomas Quinn, University of Washington; kurt Fresh, NOAA/NMFS/NWFSC;
Joshua Chamberlin, NOAA/NMFS/NWFSC; Dawn Spilsbury-Pucci, University of
Washington; Stephanie Moore, NOAA NWFSC

Abstract: Salmonids show a wide variety of migration patterns. Such variation is especially
prevalent in Chinook salmon, Oncorhynchus tshawytscha. This species migrates to coastal
and open ocean waters, and the tendency to use these different marine environments
varies markedly among populations. For example, some Chinook salmon that enter Puget
Sound do not migrate to the sea as juveniles in their first year but rather remain as
“residents” through (at least) the following Spring. Known locally as blackmouth, these fish
are the focus of extensive sport fisheries. In this study, we used acoustic telemetry to
examine questions surrounding resident Chinook salmon in Puget Sound. The overall
objective of this study was to determine the extent to resident and migratory behavior
patterns are distinct or ends of a continuum of movement patterns, and then characterize
the movements of resident fish. We first assessed the proportion of fish, caught and
tagged as immature residents (inferred from the locations and dates of capture), that
remained within Puget Sound and the proportion that moved to the coastal region, and
tested the hypotheses that origin (wild or hatchery), location and season of tagging, fish
size and condition factor would influence the tendency to remain resident. Second, we
characterized the movements by resident fish with Puget Sound at a series of different
spatial scales: movement among the major basins, travel rates, and areas of concentration
within Puget Sound. Third, we tested the model of seasonal north-south movement
patterns by examining the distribution of detections over the whole area and year.
Because residents represent a significant portion of the Puget Sound Chinook salmon
Evolutionarily Significant Unit, currently listed as Threatened under the U. S. Endangered
Species Act, better understanding of their movements in Puget Sound will help identify
critical habitat use patterns and evaluate fishery management objectives as the species
crosses jurisdictional boundaries.
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Abstract: Over the last 30 years, three non-native Spartina species invaded southwestern
British Columbia: Spartina anglica in the Vancouver Lower Mainland, S. densiflora on the
east coast of Vancouver Island, and S. patens in both locations. Many challenges have
limited a comprehensive and timely response to control and eradicate these infestations
and contribute to the Pacific Coast goal of eradicating non-native Spartina by 2018. Some
of the key challenges included the lack of a single agency mandated to respond to Spartina
infestations, lack of funding and capacity, herbicide was not legally available as a control
option, and general opposition to herbicide use in the marine environment. Beginning in
2004, partnerships were developed at both local and international scales, to mitigate and
provide alternatives to these challenges. The BC Spartina Working Group (BCSWG)
formed to begin mapping and mechanical removal of Spartina infestations, with a primary
focus on S. anglica. Recent GIS-based mapping and monitoring has demonstrated that the
continued under funding of the mechanical control program has failed to contain the
Spartina infestations. Therefore a small working group under the BCSWG began
investigating the regulatory requirements, treatment methodology, and program costs and
benefits of the use of herbicide. After several years of navigating the channels of federal
and provincial permitting, a permit was issued in the summer of 2013 to apply herbicide to
Spartina anglica in the Vancouver Lower Mainland. Approximately 5000 individual plants
and clones were treated in late August and early September 2013 with imazapyr. The
permitted use of herbicide on S. anglica now provides a better integrated pest
management approach and enables the reallocation of some resources to control the
other species of Spartina through development of new partnerships.
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209 Eelgrass (Zostera marina) biomass models for predicting
restoration potential in Puget Sound
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Authors:

Kate Buenau, PNNL; Ronald Thom, Pacific Northwest National Lab; Lyle Hibler,
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Abstract: We developed a biomass model to support the Puget Sound Partnership’s goal
of increasing the area of eelgrass (Zostera marina) in Puget Sound by 20% by 2020. The
model has helped with the identification of potential restoration sites by predicting
eelgrass growth based upon inputs of light, temperature, salinity and water depth. We
built upon a tropical seagrass model first adapted to Z. marina by the US EPA Western
Ecology Division. We made further adaptations for Puget Sound, using data on the effects
of light, temperature, and salinity on photosynthesis and respiration collected in Sequim
Bay and our laboratory. To predict the potential for eelgrass growth, we ran the model
using water elevation, temperature, and salinity output from a 3D hydrodynamic model of
Puget Sound. Data on turbidity are scarce; we used marine water quality monitoring data
to characterize light attenuation for regions with particular water quality characteristics.
We found that model predictions were improved by using functions and parameters
developed from the local eelgrass population. The model reasonably predicted a ten-week
time series of biomass data collected in Sequim Bay. When used as an index of habitat
suitability, the model predicted eelgrass cover fairly well in some areas of Puget Sound
(e.g. river deltas, Northern Puget Sound) and less well in others (South Sound, highly
developed areas of Central Puget Sound). Model results were used to locate sites for test
plantings towards identifying restoration sites. Future applications include estimating
restoration potential within smaller regions using local monitoring data. The model would
benefit from additional data, including physiological data over a broader range of
environmental conditions, subpopulations, and seasons. In addition, improved information
on light attenuation is necessary for spatially and temporally comprehensive predictions in
areas as complex and variable as Puget Sound.
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118 20% More Eelgrass in Puget Sound by 2020: Restoration Site
Selection
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Presenter: Ronald Thom, Pacific Northwest National Laboratory
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Kaldy, EPA; Tarang Khangaonkar, PNNL; John Vavrinec, PNNL; Wen Long,
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Abstract: As part of a larger program by the state of Washington to restore the Puget
Sound ecosystem, we are engaged in a selection process to locate specific areas where
eelgrass could be restored or enhanced to meet the goal of 20% more eelgrass by 2020,
amounting to a ~4,000 ha increase in areal eelgrass coverage. Embedded in this goal is the
establishment and development of meadows that are resilient to the effects of climate
change and anthropogenic and natural disturbances. We hypothesize that: (1) many sites
are recruitment limited; (2) eelgrass has been lost in some areas because of temporary
disturbance; and (3) there may be broader stresses limiting eelgrass in subregions of Puget
Sound. Our approach utilizes an understanding of eelgrass growth requirements coupled
with hydrodynamic and water quality models, an eelgrass growth model, field
observations, and test plantings. We are using these results along with spatial data and
stressor information collected as part of regional assessments of nearshore ecosystem
condition to identify restoration sites. We are also working with local governments to
determine actions that could be taken to improve conditions for eelgrass within their
jurisdictions to maximize the success and long-term viability of planted meadows. The
models revealed differences in the predicted growth rate of eelgrass among regions. In
general, northern Puget Sound and Strait of Juan de Fuca provided the best conditions,
whereas Hood Canal and southern Puget Sound were relatively less suitable for eelgrass.
Field visits were conducted at 23 sites where the eelgrass model predicted good growing
conditions but where eelgrass does not presently exist based on available information.
From among these sites we selected five sites for test planting. Test plantings, modeling
and jurisdictional information will form the basis to develop strategies for larger recovery
efforts.
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630 The direct impacts of an introduced seaweed Mazzaella japonica
on benthic seaweed communities in Baynes Sound and possible
interaction with the invasive seaweed Sargassum muticum.
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Abstract: Marine introduced algae have become established in coastal communities
around the globe. There is great lack of understanding of how this trophic group in
general impacts the habitats they are introduced to. Mazzaella japonica is an introduced,
red seaweed that is thought to have been brought to Canada via the aquaculture trade as
a hitch hiker with the Japanese oyster (Crassostrea gigas). While C. gigas and other hitch
hikers (such as the brown seaweed Sargassum muticum) have become invasive all over
the world, M. japonica has only been reported as introduced to Baynes Sound. As this
species has never been previously studied it is essential to understand how its presence
impacts the native seaweed communities of Baynes Sound. To understand the direct
impact that M. japonica is having on its host ecosystem a long-term, in situ study was
established in April, 2013. M. japonica was removed from half of the established
experimental plots at two sites and the native seaweed recovery was quantified by over
time and compared to control plots. Removal of M. japonica resulted in a significant
community shift. Number of native species and percent cover of native species
significantly increased over time. Perhaps the most interesting result is the establishment
of another introduced seaweed Sargassum muticum in some of the removal plots where
none had been previously recorded during the course of the experiment. It appears that
the removal of this novel introduced species allows for a significant increase or recovery
of native species indicating that it is having a negative impact on native seaweeds.
Preliminary ecological and management implications will also be discussed.

marina) is a highly productive, submerged habitat in Puget Sound serving as
refuge/nursery habitat for juvenile salmonids and forage fish. Remediation of legacy
contamination in these habitats presents a unique problem where traditional capping may
adversely affect or eliminate the habitat. Here, we examine the effects of various cap
thicknesses and amendments on eelgrass survival and health in seven test plots. During
2013, sand caps of 4″ and 8″ (sand only and amended with activated carbon) were applied
to these seven plots, and eelgrass metrics (density, biomass, blade length/width, etc.)
were surveyed and compared to control and reference plots. Preliminary results suggest
that eelgrass will not tolerate a cap thickness of 8″ (near 100% mortality), but will tolerate
a 4″ cap. When compared to control plots, the 4″ plots exhibited a distinct reduction in
eelgrass density and biomass followed by a recovery phase. Eelgrass did not seem to react
differently to the carbon amendment in the 8″ plots, but there was some peripheral
evidence suggesting the recovery phase was enhanced by the presence of activated
carbon in the 4″ plots. Plots may be resurveyed in 2014 to determine long-term recovery
trends. These findings can potentially provide design alternatives for remediating legacy
contamination within existing productive eelgrass habitats.
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296 Zooplankton Monitoring in the Eelgrass Dominated Padilla Bay: A
baseline for Examining Future Changes.
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Nicole Burnett, Padilla Bay NERR

Abstract: Padilla Bay, Washington is a shallow intertidal bay with over 8000 acres of
eelgrass. Therefore, it can serve as a good proxy for the response to climate change for
estuaries in the Salish Sea that are rich with aquatic vegetation. However, limited studies
have been done in Padilla Bay to look at basic temporal and spatial patterns of such things
as zooplankton despite its importance to nutrient cycling, energy transfer, population
recruitment, and indicator of ecosystem health and changing climate. To address the lack
of continuous monitoring, we initiated a monthly zooplankton monitoring program at the
Padilla Bay National Estuarine Research Reserve (NERR) in 2007. Samples are collected at
three sites in the bay. Two of these sites are located in channels draining eelgrass covered
flats, and the third is in deep water outside the subtidal edge of the eelgrass beds. As part
of the NERR system, long term monitoring of weather, water quality and nutrient
concentrations have been conducted specific to each of these sites in Padilla Bay. With
seven years of zooplankton, water, nutrient, and weather data, we can begin to look at
zooplankton community changes in relation to physical and chemical changes both
seasonally and interannually. This baseline data then serves as a place to evaluate
changes in the zooplankton community due to natural oscillation, anthropogenic forces,
and climate change.

Session: S-07F

Elwha River Restoration: Evolution of Habitats and
Ecosystems During a Massive Dam Removal Project II

Room:

602/603

Chair:

Jonathan Warrick

Date: 5/1/2014

3:30 PM - 5:00 PM

This session will focus on findings from studies on the Elwha River and its estuary and
coast that describe the status and trends of the ecosystems and habitats during this
unprecedented dam removal project.
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333 Sediment Dynamics and Coastal Response to Large-Scale Dam
Removal: Elwha River, USA
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612 Tolerance of Eelgrass to Capping in Fidalgo Bay (Preliminary
Results): Investigation of Remediation Alternatives for
Intermediate Levels of Contamination, Anacortes, Washington
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Authors:
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Eckard, Western Washington University; Hun Seak Park, Washington
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Abstract: Hart Crowser is working with the Washington Department of Ecology, Toxic
Cleanup Program to explore capping alternatives to remediate existing eelgrass habitat for
low/intermediate levels of dioxin/furan contamination at Custom Plywood, a Model Toxic
Control Act (MTCA) clean-up site in Fidalgo Bay, Anacortes, Washington. Eelgrass (Zostera

Generated: 4/29/2014 11:54 AM

Authors:

Andrew Stevens, USGS; Guy Gelfenbaum, US Geological Survey; Ian Miller,
Washington Sea Grant; Jonathan Warrick, USGS

Abstract: Two dams on the Elwha River, Washington State, USA trapped over 25 million
m3 of mud, sand, and gravel since the early 1900s and contributed to erosion of the delta
protruding into the Strait of Juan de Fuca. The removal of the Elwha and Glines Canyon
dams, initiated in September 2011, is providing an unprecedented opportunity to examine
the geomorphic response of a coastal delta to massive changes in river sediment supply.
Observations of beach topography and nearshore bathymetry of the Elwha River delta
were collected once or twice a year prior to and during dam removal using RTK GPS units
on backpacks and personal watercraft equipped with single-beam echosounders. Surface
sediments were collected with a grab sampler at elevations between -9 and -1 m around
the delta. In addition, a hydrodynamic and sediment transport model was developed and
validated for the Elwha river delta. Numerical model simulations of the initial release of
sediment following dam removal are used to understand the processes responsible for the
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observed deposition. A comparison of the surveys conducted prior to and during dam
removal shows large changes in the morphology and sediment grain size of the river
mouth and submarine delta. There was widespread sediment accumulation at elevations
between -12 and +2 m with a net accumulation of roughly 2,500,000 m3. The primary area
of deposition was adjacent to the river mouth and covered approximately 6.27 ha
(627,000 m2) with an average thickness of 3.3 m and a maximum thickness of 10 m. The
surface sediment in this depositional area is coarse (primarily sand and gravel) with
medium to fine sand to the east and mud to the west. Model results show that spatial
variability in bottom stress and strong residual flow around the delta contribute to this
complex pattern of sediment dispersal and deposition.

series of intensive, applied research experiences for Washington college students
interested in coastal sediment dynamics and Salish Sea management issues. Through
these educational activities, we train future resource managers to consider long-term
system evolution as well as short-term impacts of natural processes and restoration
activities in the region.
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Abstract: Kelps are ecologically important seaweeds that dominated the nearshore
vegetation community prior to dam removal on the Elwha River. Dam removal is expected
to trigger a shift from kelps to vegetation types that are characteristic of soft-sediment
communities through restoring natural sediment supply. This study is investigating how
nearshore vegetation responds to restoration of the natural sediment regime, both
initially when large amounts of sediment entrained in the reservoirs are released and over
longer time periods. We assessed vegetation at multiple spatial scales using three
approaches. First, we measured floating kelp canopy area using aerial photography.
Second, we assessed the abundance of understory kelp and seagrasses with towed
videography along 50 km of shoreline. Third, scuba divers recorded density of kelp species
and other seaweeds along 10 km of shoreline bracketing the river mouth. Results show
profound changes in vegetation and a strong gradient in magnitude of impact related to
distance from the river mouth. Floating kelp canopy area decreased 74% in the Elwha Drift
Cell in the first year following project initiation (year 1), with lower magnitude losses
throughout the Strait of Juan de Fuca. Area of prostrate kelps decreased by 45% (400 ha)
and of stipitate kelps by 30% (130 ha) in the Elwha Drift Cell in year 1. Mean kelp density
near the river mouth decreased 77% in year 1 and 95% in year 2. While all 10 kelp species
declined, annuals were more impacted than perennials. In contrast to the general decline,
juveniles of several kelp species appeared in late August of year 2, a substantial delay
compared to typical spring timing of juvenile growth. What caused the large kelp losses
and apparent delay of juvenile growth? Likely candidates include light reduction from the
river plume and scour, burial or settlement inhibition from deposition. These candidates
will be explored using physical data from the multidisciplinary research effort.
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Andrea Ogston, UW; Emily Eidam, University of Washington; Kristen Webster,
University of Washington; Charles Nittrouer, University of Washington

Abstract: The marine impacts of the Elwha dam removal and restoration project extend
beyond the visible shoreline to encompass broader-scale seabed and associated habitat
changes on the submarine delta. Our goals are to evaluate and predict transport-process
and seabed evolution during and after dam removal based on studies of both modern
sediment dynamics and historical geologic formation of the delta. We link time-series
sediment-transport data, seabed sampling and imagery, and seismic data to understand
both the past and present sediment dispersal and deposition in the marine ecosystem. In
the past, Elwha River sediment load has fluctuated between two extremes, due to both
human (dam placement) and natural (e.g., 100 yr flood) events. Even with this large range
in sediment delivery, strong tidal currents induced by interactions with coastal morphology
created a situation where fine-grained sediment likely did not accumulate except under
the most infrequent floods. Thus, the coarse, gravelly lag layer found across much of the
delta surface immediately prior to dam removal likely was similar to the seabed prior to
dam installation. The present dam-removal conditions of highly concentrated sediment
loading replicate those during episodic floods, and deliver both sand and mud to the Strait
via a surface plume. Sediment disperses and settles from the thin plume, reducing light at
the seabed. Understanding the dispersal mechanisms of sediment under extreme loading
conditions is critical for reconstructing delta evolution and evaluating restoration
programs throughout the Salish Sea. This research has been used as the foundation for a
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173 Ecological Changes in the Elwha River nearshore: Fish use
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329 The Elwha submarine delta, today and in the past: sediment
dispersal and seabed habitats

Room:

Date:

Abstract: Similar to other natural and anthropogenic influxes of sediment to coastal rivers,
the removal of two dams on the Elwha River is expected to cause a wide range of impacts
to nearby coastal environments. For example, fine-grained sediment may be advected
seaward by currents and waves and deposited beyond shallow nearshore zones. The
timing, location, and character of such deposits, which have the potential to alter the
existing benthic habitat, depend on the available coastal energy. In this study, we
characterize and explain the formation mechanisms of patchy sediment deposits that have
developed in 10-60 m water depth offshore of the river mouth associated with dam
removal. Prior to removal, much of the submarine Elwha Delta and adjacent Freshwater
Bay substrate was coarse sands, gravels, and boulders. During two years of dam removal,
ship-based surveys and nearbed instrument data show that fine-grained sediment pulses
delivered via the buoyant surface plumes have generated new deposits near the river
mouth and in Freshwater Bay. In contrast, the remaining three-quarters of the study area
have received no measurable new sediment accumulation. The largest of the new deposits
near the river mouth is > 30 cm thick and contains up to 90% mud. It has formed in a zone
of slow currents and regional-scale flow eddies. In contrast, habitats in zones of strong
current flow (up to 100 cm/s) north of the headland and across most of the outer delta
have retained their gravelly character. Ephemeral deposition may occur on tidal time
scales, but generally, fine-grained sediment appears to bypass these areas. These results
expand our understanding of how dam removal has affected the Elwha Delta ecosystem,
namely in the form of increased sediment flux through the surface plume and tidal
partitioning of sediment to patchy seabed deposits. In a broader context, this study shows
how high-energy coastal environments might efficiently process anthropogenic or natural
sediment pulses.
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Abstract: Located on the north Olympic Peninsula, the Elwha River nearshore is a critical
component of the Salish Sea. It is depended on by no fewer than six federally listed
salmon species, and numerous forage fish. The Elwha nearshore is impaired ecologically
due to extensive shoreline armoring and in-river channelization and dams. The Elwha
nearshore is undergoing an unprecedented restoration event with the removal of two
large in river dams, which began in September 2011. As of September 2013 approximately
2.7 million cubic meters of sediment has been delivered to the sediment starved Elwha
nearshore. The Coastal Watershed Institute and partners lead a long term study of the
Elwha nearshore ecological function which began in 2005 and is based on a BACI design. In
this presentation we provide an overview of pre-dam fish use of the Elwha and
comparative nearshore areas, and first indications of ecological function response of the
juvenile fish migration and forage fish spawning to dam removal. We also provide an
overview of linkages of the nearshore restoration event for the larger Elwha and Salish Sea
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497 Evaluating Responses of Nearshore Fish to Removal of the Elwha
River Dams
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Abstract: Removal of two dams on the Elwha River began in late 2011 and will restore
sediment processes in the near coastal environment adjacent to the river's mouth. Since
2005, we have been collecting data on intertidal/sub-tidal fish communities near the
mouth of the River where we expect sediment changes to occur. We have also sampled in
reference areas. Samples were collected by beach seining in the spring and summer. Our
primary objective has been to determine if attributes of the nearshore fish community
(notably species assemblage structure and size distribution) changed in response to
sediment restoration. Potential shifts in fish assemblage structure and size distribution of
ecologically important species such as forage fish and juvenile salmon are of particular
interest because sediment changes will likely be significant in these intertidal and sub-tidal
habitats. Trends in species richness and abundance were consistent prior to and following
dam removal (2012 is thus far the only year where we have post dam removal
information) with reference areas generally possessing more species and a greater overall
abundance of fish than treatment areas. Forage fish were the numerically dominate
species group in all areas. Using multivariate analysis, we found considerable overlap in
fish community composition between years but there was some separation in fish
assemblage structure between the different areas prior to dam removal. Regional
differences were primarily a result of several forage fish species (notably Pacific
sandlance, and surf smelt) and juvenile salmonid species (notably chum salmon). There
were also seasonal differences in all regions with salmonids and forage fish the dominate
fish in the spring and flatfish, sculpins, perch, and greenlings the primary species occurring
in summer. Inclusion of post-dam removal data from 2012 did not significantly change
these observed patterns. We plan to continue monitoring in the future. However, our
ability to detect responses of fish communities to sediment changes will ultimately depend
on both biotic factors (such as species and life stages being considered) and abiotic
factors, such as when sediment reaches the coastal environment; the quantity,
composition and distribution of the material that reaches the Salish Sea; and how long it
takes material to distribute from the river’s mouth.

Session: S-07G Integrating landscape-scale assessments into local
planning II
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Regional or landscape-scale assessments integrated for local land use planning or
regulatory decisions, including emerging tools.
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Abstract: The 2005 Snohomish Basin Salmon Conservation Plan identified targets for
improvement in habitat conditions for all salmonid species but in particular ESA listed
Chinook. While progress has been made in the basin on restoring habitat and updating
land use regulations to reflect best available science, yet a comprehensive and strategic
protection strategy, including acquisition, incentives, regulations, policy and education,
has not been developed. Land use pressures and climate change threaten to overwhelm
gains made through restoration and undermine the long-term viability of fish populations.
The Snohomish Basin Protection Plan is an EPA-funded grant project developed through a
partnership between Snohomish County, the Tulalip Tribes and King County that will serve
as an addendum to the 2005 Conservation Plan. This protection effort identifies hydrology
as the critical process to salmon survival and recovery and focuses on those areas
essential to the hydrologic health of the basin, regardless of the level of degradation. The
technical approach assesses the existing conditions of the landscape using patterns of land
use and fish distribution as well as the WA Department of Ecology Watershed
Characterization, ecosystem services information and local knowledge about protection
opportunities from the Snohomish Basin Technical Committee. Areas important to the
hydrologic functions of the basin were highlighted for protection and strategies that were
identified to protect these areas included different tools ranging from landowner tax
incentive programs to new policy recommendations that would offer greater protection to

Generated: 4/29/2014 11:54 AM

these critical areas. The effort developed a comprehensive and explicit protection strategy
for the basin to address threats and emerging problems that also accommodates growth
while protecting areas critical to the hydrologic health of the basin.
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Abstract: Addressing the cumulative impacts of land use and development patterns is one
of the most intractable challenges to preserving and restoring the ecological integrity of
the Salish Sea. Thurston County is a largely rural county located at the southern end of
Puget Sound, but it is considered one of the fastest growing areas of the state, with an
estimated demand for more than 60,000 additional dwelling units by 2040. As the region
continues to grow, local governments need to ensure that development is directed away
from sensitive areas. But how do we define which areas are the most sensitive, and how
can that information be translated into site-specific changes to zoning and development
codes? Thurston County partnered with Thurston Regional Planning Council on an EPAfunded effort to investigate ways to accommodate projected growth while protecting
water resources, using a watershed approach. This presentation will step briefly through
the stages of the project: 1) evaluating current conditions and risk factors throughout
several watersheds, 2) selecting three at-risk basins, 3) developing and modeling future
land use scenarios for those basins, and 4) implementing policy changes based on the
study results. We will discuss our strategies for incorporating watershed- and basin-scale
assessments into the local planning and policy realm, the strengths and limitations of
modeling, as well as lessons learned. The study has led to proposed changes to zoning and
urban growth area boundaries, among other recommendations.
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Abstract: In 2011 the Gorst Creek Watershed Characterization Plan was published, using
Puget Sound Watershed Characterization as the basis for identifying high priority areas
within the watershed to protect and restore, as well as identifying those areas that are
more suitable for development. During the summer of 2013, pursuant to citizen
comments, Ecology updated the Watershed Characterization boundary and re-ran the
model based on the new boundaries. Since that time the City of Bremerton and Kitsap
County used the updated Watershed Characterization results as the basis for developing
zoning options for consideration as part of the Gorst Subarea Plan. In December of 2013
Kitsap County and the City of Bremerton adopted the Gorst Watershed Plan and the Gorst
Subarea Plan. This presentation will provide an overview of the process and an update on
how the model results from Watershed Characterization were used as the basis for
watershed-based land use zoning designations within the Gorst Creek subarea. The
presentation will include an example of how specific development standards were created
for buffers for the lower portion of Gorst Creek by starting with the results from the
watershed characterization, and supplementing the model results with additional reach
specific information. Through this process buffer standards were developed that provide
incentives for increased buffer widths, increased use of native plants to enhance the
buffer, and incentives to reduce impervious surface areas through redevelopment along
the lower portions of Gorst Creek.
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538 Challenges and Opportunities of Using the Puget Sound
Watershed Characterization to Identify In-Lieu Fee Mitigation
Sites – a Case Study from the Hood Canal ILF Program
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Abstract: The Hood Canal Coordinating Council (HCCC) administers a federally authorized
In-lieu Fee (ILF) mitigation program designed to improve compensatory mitigation
outcomes and promote recovery of aquatic resources in the Hood Canal watershed.
Federal ILF rules require that HCCC select mitigation sites using a watershed approach that
considers the landscape-scale characteristics that drive ecological processes and habitat
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structure and function. This is a shift from the long-standing practice of making mitigation
decisions based solely on site-scale considerations. Although there is broad agreement on
the need to incorporate landscape-scale assessments into mitigation siting decisions, the
practical realities of doing so are not well documented. The Hood Canal watershed
encompasses four water resource inventory areas made up of 285 assessment units (AUs).
All ILF mitigation projects must be located as close as possible to the impact site, and
within the same sub-basin where feasible; thus, HCCC needs to develop a roster of
potential mitigation ‘receiving sites’ across thousands of acres of land and water. The
HCCC used Ecology’s Puget Sound Watershed Characterization data as a coarse-scale filter
to identify areas that are inherently important for water flow processes —delivery, surface
storage, groundwater recharge and discharge —and that are also highly degraded. The
AUs that met these criteria were further screened to identify areas with the highest
relative fish and wildlife habitat value based on landscape-scale indices developed by
WDFW. The outputs from this analysis were a list of AUs considered to be high priorities
for riparian, floodplain, and aquatic habitat restoration and protection and areas where ILF
mitigation could best meet the ecological needs of the watershed. To find potential
mitigation receiving sites within the high priority AUs, the HCCC examined watershed plans
and other best available science documents for information on mitigation opportunities.
Additional data on parcel size, land ownership, water quality, and riparian vegetation was
used to zero-in on potential receiving sites within priority AUs. Watershed
characterization provides an efficient and objective approach for determining where
mitigation is likely to achieve watershed goals, but finding actual mitigation receiving sites
that will produce substantial functional lift requires considerable additional on-the-ground
information. Pairing landscape-scale assessments with fine-scale data is an important first
step in determining where to focus field investigations, landowner outreach and other
time-consuming efforts.

wildlife populations in the Sound. The Skagit River is home to all five salmon species,
including the most abundant run of the iconic Chinook in the Sound. Current and
predicted climate due to anthropogenic warming will likely affect natural and human
systems in the watershed. Already, the average annual temperature at Sedro Woolley has
increased by approximately 1°C (from 1895 to 2010) and glaciers in the North Cascades
have lost 50% of glacial mass since the start of the 20th century. The snowline in the basin
has risen 600 feet since 1958, increasing the potential for destructive fall and winter
flooding and decreasing potential water storage in the snowpack. Mean sea level at Friday
Harbor has increased by 10 centimeters from 1934 to 2006. Additionally, dikes and levees
along the Skagit River and the shoreline prevent sediment deposition on the deltaic plain
that could potentially offset sea level rise. In this session we solicit submission from those
who conduct research on climate change impacts in the Skagit watershed. We encourage
submissions from those whose work links two or more systems or processes within the
watershed (i.e. linking river flood and sediment models to deltaic process models) and
from those whose work spans the ecosystem/human interface. See attachment for list of
speakers and topics.
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Abstract: The City of Mukilteo is experiencing high peak stream flows, ravine instability,
and decreased water quality associated with development. To address these issues, the
City and its project partners, City of Everett; Snohomish County Conservation District,
Snohomish County Airport, the Mukilteo School District and the Department of Ecology,
have developed a Stormwater Strategy Plan to prioritize and implement regional,
watershed-based stormwater strategies and support the City’s stormwater comprehensive
plan. Ecology’s Puget Sound Characterization (Stanley et al 2011), which establishes a
framework to evaluate watershed processes, was the basis for this analysis. As part of the
characterization work, Ecology and WDFW developed equations to characterize water
flow processes, water quality, and habitat based on physical attributes of the landscape.
Results were normalized to score watershed processes at a regional scale. This project
divided the study area into project analysis units (PAUs), normalized Ecology’s results at a
local scale, and used finer resolution data to evaluate watershed processes. Secondary
scores, such as freshwater habitat and sediment delivery, which reflect unique City goals,
were also incorporated. Each PAU had a unique score consisting of an importance score,
representing the importance of key processes before development, and an intactness
score, representing how intact each process is under existing conditions. The scores were
used to develop a suite of relatively broad, yet distinct, stormwater management
strategies designed to improve impaired processes. Specific recommendations for each
PAU were then developed based on known limitations and problems, opportunities
identified by others, and feasibility. The results were also used to prioritize PAUs; those
with higher importance and intactness scores were given a higher priority for
implementation of stormwater strategies than PAUs with lower importance and intactness
scores.

649 A multispecies assessment of climate change threats to salmonids
across their life cycle
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The Skagit River watershed, in northwestern Washington State and extending into British
Columbia, contributes more than 30% of all freshwater entering Puget Sound. The 394
glaciers in the Skagit’s eastern headwaters provide 8 - 12 % of the Skagit’s summer flow.
Eleven reservoirs supply energy, and drinking and irrigation water to Bellingham, Skagit
County cities and Seattle. The Skagit Delta is the largest in Puget Sound and is a
tremendous economic and ecological asset, providing the largest agricultural center in
Western Washington and maintaining regionally significant salmon, waterfowl, and other
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Correigh Greene, NOAA Fisheries; Tim Beechie, NOAA Fisheries; Ed Connor,
Seattle City Light

Abstract: During their life cycle, salmonids experience conditions in freshwater, estuarine,
and marine habitats, exposing them to numerous climate change threats. The extent to
which different species utilize different habitat types and habitat-specific climate change
risks should result in differential overall vulnerability of these species to climate change,
but most previous vulnerability assessments have focused only on particular life stages for
particular species, hampering our ability to protect, restore stocks and their habitats to
maximize species portfolios in river systems. We performed a life cycle-based risk
assessment of climate change threats for nine species of salmonids (species within
Oncorhynchus, Salvelinus, and Prosopium genera) inhabiting the Skagit River system,
which is vulnerable to the panoply of climate impacts forecasted for the Pacific Northwest.
The risk assessment integrated both species-specific intensity and exposure and
incorporated uncertainty. We found that while climate change threats existed across all
habitats inhabited by these species, the greatest threats to all species were associated
with projected changes in the extremes of freshwater flow (high incubation flows, low
summer flows). These results suggest that restoration strategies targeting restoration of
floodplain function will be most effective for reducing the most serious threats for a broad
portfolio of salmonids inhabiting the Skagit River, although other climate adaptation
strategies may provide additional benefits to other suites of species.

#

348 Predicting the Effects of Sea Level Rise and Future Hydrology on
Salinity Intrusion and Freshwater Export from the Skagit River
Estuary

Room:

Session: S-07H Assessing, Planning and adapting to climate change
related impacts in the Skagit River Watershed, from
glacial headwaters to the Salish Sea

Chair:

3:30 PM - 3:45 PM

Abstract:

Authors:

Jenna Friebel, ESA

Room:

5/1/2014

Presenter: Correigh Greene, NOAA Fisheries

Presenter: Jenna Friebel, ESA
Authors:

Date:

Authors:
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Authors:

Tarang Khangaonkar, PNNL; Wen Long, PNNL; Brandon Sackmann, Integral
Consulting, Inc.; Teizeen Mohamedali, WA State Dept. of Ecology; Alan
Hamlet, University of Notre Dame

Abstract: Future climate simulations based on the IPCC A1b and B2 emissions scenarios
downscaled to the Pacific Northwest have shown that hydrology of Skagit River, the
largest source of freshwater to Puget Sound, Washington, will be affected. However, due
to site specific complexity, there is considerable uncertainty about the extent and
magnitude of resulting estuarine impacts such as upstream propagation of salinity. This is
of concern not only from potential impacts to coastal fisheries, but also because higher
salinity could affect drinking water and agricultural water supplies. Similarly there is
interest in understanding the distribution and export of freshwater out of Skagit River
estuary and the availability of brackish habitat. To characterize the hydrodynamic
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response in this highly diked and altered environment to climate change stressors, we
developed a high resolution hydrodynamic model of the system. Skagit River estuary was
simulated using the finite volume coastal ocean model (FVCOM) and included connections
to Padilla Bay to the north and Saratoga Passage to the south. The model was setup by
refining the Skagit-Padilla Bay sub-domain within the greater Puget Sound Georgia Basin
or Salish Sea model. Salish Sea will also be affected by sea level rise and future freshwater
loads over a larger scale and corresponding effects on the Skagit Basin ocean boundaries
are included. The simulated salinity intrusion and gradients from future scenarios are
compared with existing baseline conditions. Potential large scale changes to the seasonal
net transport through the basin, north through Swinomish Channel to Padilla Bay in the
winter or to the South through Saratoga Passage during the summer were examined
through a series of sensitivity tests

#

202 Assessing Padilla Bay’s response to sea level rise with a hybrid
ecogeomorphic model

Room:

607

Date:

5/1/2014

4:15 PM - 4:30 PM

Presenter: katrina Poppe, Western Washington University
Authors:

katrina Poppe, Western Washington University; John Rybczyk, Western
Washington University

Abstract: Estuaries worldwide are facing the possibility of conversion to open water if
accretion cannot keep pace with increasing rates of eustatic sea level rise (ESLR). Recent
research into sediment elevation dynamics in Padilla Bay, a National Estuarine Research
Reserve in Puget Sound, has revealed a mean bay-wide elevation deficit of -0.39 cm/year
since 2002. However, a more mechanistic prediction of the estuary’s response to future
ESLR should also incorporate non-linear feedback mechanisms between water depth,
plant biomass, and sediment deposition. Therefore, we used the field data collected as
part of this research (measurements of sediment accretion rates, suspended sediment
concentrations, eelgrass stem density, and above- and belowground eelgrass biomass) to
build and calibrate a marsh equilibrium model (MEM), developed elsewhere but applied
here for the first time to this eelgrass-dominated intertidal habitat. We then coupled the
MEM with a relative elevation model (REM) which has previously been applied here, to
create a hybrid model that combines each model’s strengths in mechanistically simulating
above- and belowground processes, respectively. The model predicts elevation change
under various ESLR and suspended sediment scenarios. We used an 11-year elevation
change dataset obtained from an extensive surface elevation table (SET) network in Padilla
Bay for model validation. Here we present preliminary results suggesting sediment
accretion rates to be primarily determined by stem density instead of plant biomass or
water depth. Because the non-native eelgrass, Zostera japonica, grows in higher densities
than the native Z. marina, Z. japonica may provide a disproportionate contribution toward
maintaining elevation in the face of sea level rise in this sediment-starved estuary.

#

175 Assessing tidal marsh vulnerability to sea-level rise in the Skagit
Delta

Room:

607

Date:

5/1/2014

4:30 PM - 4:45 PM

consider the efficacy of restoring historical distributaries and managed retreat of
constrictive river levees to maximize sediment delivery to delta marshes.

#

152 Coastal Impacts of Climate Change in the Northwest: A Summary
of the Findings of the upcoming National Climate Assessment

Room:

Date:

607

5/1/2014

4:45 PM - 5:00 PM

Presenter: Spencer Reeder, Cascadia Consulting Group
Authors:

Spencer Reeder, Cascadia Consulting Group; Amy Snover, Climate Impacts
Group

Abstract: The many thousands of miles of Northwest marine coastline are extremely
diverse and contain important human-built and natural assets upon which our
communities and ecosystems depend. Due to the variety of coastal landform types (e.g.,
sandy beaches, rocky shorelines, bluffs of varying slopes and composition, river deltas, and
estuaries), the region’s marine coastal areas stand to experience a wide range of climate
impacts, in both type and severity. These impacts include increases in ocean temperature
and acidity, erosion, and more severe and frequent inundation from the combined effects
of rising sea levels and storms, among others. Increases in coastal inundation and erosion
are key concerns. A recent assessment determined that the coastal areas of Washington
and Oregon contain over 56,656 hectares (140,000 acres) of land within 1.0-meter (3.3feet) elevation of high tide (Strauss et al. 2012). Rising sea levels coupled with the
possibility of intensifying coastal storms will increase the likelihood of more severe coastal
flooding and erosion in these areas. The Northwest is also facing the challenge of
increasing ocean acidification, and is experiencing these changes earlier, and more
acutely, than most other regions around the globe (NOAA OAR 2012). The Third National
Climate Assessment is scheduled for release in the spring of 2014. The authors will provide
an overview of the key Northwest coastal findings in this report as well as a summary of its
primary companion report published by Island Press in December 2013, Climate Change in
the Northwest: Implications for Our Landscapes, Waters, and Communities (Dalton et al
2013).

Session: S-07I

Integrating economic growth with ecological protection
and restoration of the Salish Sea region

Room:

604

Chair:

Wayne Landis

Date: 5/1/2014

3:30 PM - 5:00 PM

Business Leaders discuss Salish Sea issues that relate to their industry

#

708 The Risk Management of Vessel Traffic

Room:

604

Date:

5/1/2014

3:30 PM - 3:45 PM

Presenter: Captain Michael Moore, Pacific Merchant Shipping Association
Authors:
Abstract:

Presenter: Greg Hood, Skagit River System Cooperative
Authors:

Greg Hood, Skagit River System Cooperative; Eric Grossman, U.S. Geological
Survey

Abstract: Historical aerial photos, from 1937 to the present, show Skagit Delta tidal
marshes prograding into Skagit Bay throughout most of the record, but the progradation
rates have been steadily declining and become negative in recent decades, i.e., the
marshes have begun to erode. If past trends continue, the marshes will continue eroding
despite the large suspended sediment load provided by the river. Within the bay-fringe
region between the North and South Fork Skagit River distributaries, an area isolated from
direct riverine sediment supply by anthropogenic blockage of historical distributaries, 0.5m tall marsh cliffs along with concave marsh profiles indicate wave erosion is contributing
to marsh retreat. This is further supported by a “natural experiment” provided by rocky
outcrops that shelter high marsh in their lee, while being bounded by 0.5-m lower eroded
marsh to windward and on either side. GIS analysis of the bay-fringe marsh indicates that
relative to modern LIDAR data the seaward edge of the 1972 marsh (its maximal extent)
was 15 cm lower in elevation than the 2012 marsh edge; this comparison assumes no
change in marsh slope during the last 40 years. Tide gauge data show sea level rose 7.9 ±
4.6 cm during this time, suggesting sea level rise accounts for a substantial portion of the
elevation difference, while erosion may have contributed to the rest. Coastal wetlands
with high sediment supply are considered resilient to sea level rise, but the Skagit Delta
shows this is not necessarily true. A combination of sea level rise and wave-generated
erosion may overwhelm sediment supply. Additionally, constructed levees intensify river
jet momentum thereby delivering most suspended sediment far offshore where it is
unavailable for marsh accretion. Adaptive response to the threat of sea level rise should
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709 Stakeholder involvment in the permitting and building of export
terminals to meet the dual requirements of economic growth
and environmental protection

Room:

604

Date:

5/1/2014

3:45 PM - 4:00 PM

Presenter: Joe Ritzman, SSA Marine
Authors:
Abstract:

#

710 Decision making and management of waterfront operations:
source control, cleanup and restoration

Room:

604

Date:

5/1/2014

4:00 PM - 4:15 PM

Presenter: Michael Johns, Windward Environmental
Authors:
Abstract:
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711 Port Operations and Ecosystem Restoration in Bellingham Bay

Room:

Date:

604

5/1/2014

4:15 PM - 4:30 PM

Presenter: Michael Stoner, Port of Bellingham
Authors:
Abstract:

#

712 Planning for the sustainability of SeaTac airport

Room:

Date:

604

5/1/2014

4:30 PM - 4:45 PM

Presenter: Elizabeth Leavitt, SeaTac Airport
Authors:
Abstract:

Friday

5/2/2014

economic losses to Puget Sound fisheries. The network requires volunteers to collect
water samples, screen them for the presence of phytoplankton and Vibrio bacteria, and
share their data with other partners. This study examines existing institutional
arrangements for HAB and Vibrio monitoring and management in Puget Sound and is
grounded in the literatures of collective action, club theory, value of information in
decision-making, and institutional analysis and development. SoundToxins is evaluated to
determine its effectiveness in providing early warnings to managers and to find
opportunities for improvement. Through a review of data records and use of qualitative
interviewing techniques and a focus group, and participant observation, SoundToxins’
goals were formed and if they were achieved, what costs and benefits are associated with
participation in the network, how valuable environmental data such as phytoplankton or
bacterial cell counts are in making shellfish and finfish harvesting or closure decisions, and
whether current institutional arrangements are effective in achieving SoundToxins’ goals.
Contributions to community data on HABs and Vibrio status in Puget Sound are not being
made to the degree envisioned by SoundToxins’ founders and institutional analysis aids
understanding why this may be so. These findings lead to recommendations for ways to
modify SoundToxins’ programmatic structure to meet the needs of HAB stakeholders in
Puget Sound.

#

8:30 AM - 10:00 AM

241 Investigating Algicidal and Growth-inhibiting Bacteria associated
with Seagrass and Macroalgae beds in Puget Sound

Session: S-08A Harmful Algal Blooms, Climate, Shellfish, and Public
Health - emerging issues in a changing world I

Room:

Room:

615/616/617

Authors:

Chair:

Emma Carroll and Cheryl Greengrove

Date: 5/2/2014

8:30 AM - 10:00 AM

This session has been combined with the session titled, 'Emerging Public Health Issues
Related to Shellfish and Climate Change':
http://www.wwu.edu/salishseaconference/Session-Descriptions.shtml#acid

#

650 Emerging human health threats due to Harmful Algae Blooms in
Washington

Room:

615/616/617

Date:

5/2/2014

8:30 AM - 8:45 AM

Presenter: Clara Hard, WA Dept of Health
Authors:

Clara Hard, WA Department of Health; Jerry Borchert, Washington State
Department of Health

Abstract: There is great annual variation in harmful algae blooms that continue to cause
closures and illnesses in Washington. The Marine Biotoxin Program (MBP) at the
Washington State Department of Health monitors for three marine biotoxins: Paralytic
Shellfish Poison (PSP), Amnesic Shellfish Poison (ASP) and Diarrhetic Shellfish Poison
(DSP). DSP is relatively new in Washington waters, but DSP toxin levels above regulatory
limits required multiple closures of recreational and commercial shellfish harvesting in the
past two years of monitoring. Recent biotoxin results and comparisons with previous years
will be discussed. The MBP closely collaborates with and relies on SoundToxins and
ORHAB to monitor phytoplankton throughout Washington State for potential harmful
algae blooms. With improved tracking, the MBP is constantly responding to emerging
marine biotoxins and adapting its management of the recreational and commercial
harvest. The MBP continues to work towards more partnerships in precautionary,
proactive research to better understand HABs and protect human health.

563 Institutional Arrangements for Harmful Algal Bloom Monitoring
and Management in Puget Sound: An Analysis of SoundToxins

Room:

615/616/617

Date:

5/2/2014

8:45 AM - 9:00 AM

Date:

203 Genetic and phylogenetic analysis of Vibrio parahaemolyticus
reveals distinct differences in strains from the Pacific Northwest
of the U.S.

Room:

615/616/617

Date:

Presenter: Rohinee Paranjpye, NOAA Fisheries

Authors:

Authors:

Abstract: Harmful Algal Blooms (HABs) are occurring with increasing frequency and
intensity around the world causing concern for shellfish and finfish growers, researchers,
regulatory agencies, and coastal communities. In Puget Sound, the Washington State
Department of Health (DOH) monitors shellfish near recreational and commercial harvest
sites for the presence of domoic acid and paralytic shellfish toxins, toxins known to cause
human illnesses when consumed. Led by researchers at the Northwest Fisheries Science
Center (NWFSC), HAB stakeholders in Puget Sound have established an early warning
network called SoundToxins to collect and share information about the environmental
conditions associated with HABs. SoundToxins is a voluntary environmental monitoring
program intended to provide early warning of Harmful Algal Blooms and Vibrio
parahaemolyticus (Vibrio) events in order to minimize both human health risks and
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9:00 AM - 9:15 AM

Nobuharu Inaba, Hokkaido University

Presenter: Andy Gregory, Puget Soundkeeper Alliance
Andy Gregory, Puget Soundkeeper Alliance

5/2/2014

Abstract: Harmful Algal Blooms (HABs) caused by the fish-killing raphidophyte
Heterosigma akashiwo and the neuro-toxic dinoflagellate of the genus Alexandrium,
impact finfish and shellfish aquaculture in Puget Sound including Pacific Salmon
(Oncorhynchus spp.), oysters (Crassostrea gigas; Ostrea lurida), mussels (Mytilus edulis),
geoducks (Panopea generosa), etc. Previous studies in Japan have demonstrated that the
density of algicidal bacteria (AB) and gowth-inhibiting bacteria (GIB) detected from biofilm
on the seagrass Zostera marina was remarkably high. During the summer of 2012, using
methods developed in Japan, we sampled the leaves of Z. marina and adjacent water from
14 sites in the Puget Sound. In 2013, we extended our survey to include samplings of other
seagrass species as well as the water column surrounding various macroalgal species.
Using a co-culturing method, the effects of algicidal and growth-inhibiting bacteria were
tested against H. akashiwo and Alexandrium tamarense. The high densities (2.7 x 106 CFU
g wet leaf-1) of H. akashiwo-killing bacteria and of A. tamarense growth-inhibiting bacteria
(8.3 x 106 CFU g wet leaf-1) were both detected from Z. marina collected from north
Padilla Bay in 2012. Interestingly, the bacteria that killed H. akashiwo showed no effects on
A. tamarense and vice versa, indicating species specificity. Both AB and GIB against H.
akashiwo were successfully isolated from 3 different species (Z. marina, Z. japonica and
Ulva lactuca) in 2013. The high densities of H. akashiwo-killers were found from the leaves
of Z. marina (1.0 x 108 CFU g wet leaf-1) and the green algae Ulva lactuca (1.3 x 108 CFU g
wet weight-1) collected from Shallow Bay, on Sucia Island in the northern reach of Puget
Sound and the highest density of H. akashiwo-GIB (2.8 x 108 CFU g wet weight-1) were
detected from Z. japonica leaves collected from Padilla Bay, northern Puget Sound. Of the
viable bacteria isolated from Z. japonica at Padilla Bay, 17% were identified as H.
akashiwo-GIB. These findings provide a new prospective for the protection of seagrass
and macroalgae beds that provide habitat for AB and GIB as a means to prevent or
mitigate HABs.

#
#

615/616/617

Presenter: Nobuharu Inaba, Hokkaido University

5/2/2014

9:15 AM - 9:30 AM

Rohinee Paranjpye, NOAA Fisheries; Jeffery Turner, NOAA Fisheries; William
Nilsson, NOAA Fisheries; Gladys Yanagida, NOAA Fisheries; Mark Strom, NOAA
Fisheries

Abstract: Genetic and phylogenetic analyses of Vibrio parahaemolyticus (Vp) strains
isolated from the U.S. Pacific Northwest demonstrate that clinical isolates are genetically
distinct from the environmental isolates. Several environmental isolates are clonally
related to strains that have been responsible for Vp-related illnesses world-wide (the
pandemic complex) but have not been responsible for illnesses in the Pacific Northwest.
While both clinical and a significant proportion of environmental isolates encode one of
the putative virulence markers, the thermostable direct hemolysin (tdh), clinical isolates
also encoded a second virulence marker, the tdh-related hemolysin (trh). Our findings
suggest that V. parahaemolyticus isolates from the Pacific Northwest encoding trh are
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more likely to be pathogenic than isolates encoding tdh alone.

Room:

608/609

Date:

5/2/2014

8:30 AM - 8:45 AM

Presenter: Erica Guttman, Washington State University Extension

#

252 Vibrio parahaemolyticus and Shellfish Safety

Room:

615/616/617

Date:

5/2/2014

9:30 AM - 9:45 AM

Presenter: Laura Wigand, WA Dept of Health
Authors:

Laura Wigand, Washington Dept of Health

Abstract: Vibrio parahaemolyticus is one of the leading causes of foodborne illness
associated with seafood consumption worldwide. V. parahaemolyticus is a native
bacterium to Salish Sea coastal waters and present in higher quantities during summer
months. Humans who consume raw or undercooked shellfish, most commonly oysters,
containing V. parahaemolyticus can develop a gastrointestinal illness. Typically selflimiting, V. parahaemolyticus infections can also lead to life-threatening skin infections or
septicemia, particularly in individuals with weakened immune systems. The Washington
State Department of Health (Health) manages V. parahaemolyticus through regular
environmental sampling during summer months, implementing a V. parahaemolyticus
Control Plan for the commercial shellfish industry, and issuing health advisories for
recreational harvesters. Even with these measures in place, the numbers of V.
parahaemolyticus illnesses have not declined in Washington and nationally V.
parahaemolyticus-related illnesses are on the rise. V. parahaemolyticus is a highly
temperature-dependent bacterium, with doubling rates of about 1.5 hours at 80⁰F.
Understanding how shellfish exposure to high temperatures in intertidal areas influences
the illness-causing potential of V. parahaemolyticus is a key component of Health’s Vibrio
Program. The need for this data is made more critical by the potential for illness reports
to increase with warming waters. As we experience climate change, it is essential to gain a
more thorough understanding of how V. parahaemolyticus interacts with the dynamic
Salish Sea ecosystem. V. parahaemolyticus will likely thrive with warmer water
temperatures as well as warmer air temperatures with a greater number of sunny days in
the summer months. Although lacking long-term datasets, recent annual variability in
conditions such as the record-breaking weather in the summer of 2013 may provide a
glimpse of things to come and valuable insights into how shellfish managers, harvesters,
and consumers may need to adapt to a changing marine environment.

Authors:

Abstract: The challenge of shifting to low-impact development practices in the Salish Sea
region seems overwhelming, in new construction and existing development. Retrofitting
existing developments will require many thousands of small actions at the site scale to
bring about measurable improvements to watersheds. With budgets stretched ever
thinner, capacity-building programs will be essential to achieve the level of retrofits
necessary to make a measurable change. What capacity-building strategies will prove
most effective and affordable? For the past three years, WSU Extension in Thurston
County has piloted a program with the potential to achieve substantial on-the-ground
results through highly trained volunteers offering LID education and site-based technical
assistance to landowners. This program has the potential to significantly expand capacity
for wider-spread education and technical guidance that can be scaled up throughout the
region. The goal is to move landowners forward in carrying out the full complement of LID
retrofit options on their properties. Under this program, volunteer Stormwater Stewards
provide landowner clients with free on-site evaluations, followed by specific
recommendations and guidance for carrying out LID retrofit projects, including rain
gardens, pervious pavements, green-stormwater landscaping, large-scale rainwater
catchment, and vegetated roofs. The training programs are accompanied by a suite of
user-friendly, peer-reviewed tools that allow volunteers to step into the role of
stormwater educators and advisors. How much can we depend on volunteers to help bring
about on-the-ground change? What are the benefits and drawbacks of a volunteer-based
program? After three years of program implementation and evolution, we will fully
describe the program framework, potential, marketing, implementation tools,
staffing/funding levels, management challenges, practical hurdles/our solutions, gaps
remaining, and program evaluation and impacts.

#

350 Water Resource Inventory Area 9 Stormwater Retrofit Project:
Estimating cost-effective stormwater infrastructure solutions to
meet flow and water quality targets

Room:

#

385 RESPONSE TO AN EMERGING THREAT TO HUMAN HEALTH:
DIARRHETIC SHELLFISH POISONING IN WASHINGTON STATE

Room:

615/616/617

Date:

5/2/2014

9:45 AM - 10:00 AM

Presenter: Vera Trainer, NOAA
Authors:

Vera Trainer, NOAA; Neil Harrington, Jamestown K'lallam Tribe; Jerry
Borchert, Washington State Department of Health; Bich-Thuy Eberhart,
NOAA; Brian Bill, ; Leslie Moore,

Abstract: The toxins associated with diarrhetic shellfish poisoning (DSP), produced by
Dinophysis species and concentrated in shellfish by filter feeding, are now routinely
monitored by the Washington State Department of Health (WDOH) since the confirmed
human illnesses in 2011. The emergence of this new threat to public health had an
immediate impact on the Jamestown S’Klallam Tribe whose subsistence and commercial
shellfish beds are located near the site where the DSP events occurred from consumption
of toxic mussels. In 2012, a collaborative research project was initiated together with the
SoundToxins partnership, to determine whether routine monitoring Dinophysis abundance
could provide an early warning of concentrations of DSTs accumulated by shellfish.
Weekly sampling illustrated that dinophysistoxin-1 (DTX-1) was the primary responsible
toxin isomer in WA and that mussels generally concentrated the toxin more than other
shellfish. In addition, it was found that D. acuminata was the primary species present
during toxic events and increases in cell density often predicted increases in shellfish
toxicity. However, surface water samples analyzed from several sites in Discovery Bay did
not show elevated numbers of Dinophysis cells as a precursor to DSTs in shellfish. In
Sequim Bay, tidal cycle and water depth influenced the abundance of Dinophysis sampled
over a 48 h period, demonstrating the need to optimize sampling protocols in order to
successfully detect cells in an early warning mode.

Erica Guttman, WSU Extension; Krista Elvey, WSU Extension;

608/609

Date:

5/2/2014

8:45 AM - 9:00 AM

Presenter: Olivia Wright, King County
Authors:

Olivia Wright, King County

Abstract: Stormwater from a disturbed landscape is one of the biggest threats to water
quality and ecological health of Puget Sound, both fresh and marine waters. We
developed a cost estimate for implementing stormwater Best Management Practices
(BMPs) and Low Impact Development techniques in existing and future developed areas
within the Water Resource Inventory Area (WRIA) 9 to meet flow and water quality
targets. This project couples the Hydrologic Simulation Program-FORTRAN (HSPF)
watershed hydrology model with a relatively new stormwater BMP modeling and planning
tool developed by the U.S. EPA, SUSTAIN (System for Urban Stormwater Treatment and
Analysis INtegration), to assess BMP strategies. The study area covers 278 square miles
of the Green/Duwamish watershed and portions of the Central Puget Sound watershed
that comprise WRIA 9, excluding the areas upstream of the Howard Hanson Dam and the
city of Seattle. 100-acre hypothetical catchments representing the land use land cover of
the study area were modeled with SUSTAIN. The BMP solutions and associated 30-year life
cycle cost-effectiveness were scaled to the future land use land cover (2040) of the study
area taking into account mitigation required with projected new development and
redevelopment. Statistical models were used to extrapolate improvements in hydrologic
indicators of the study area to improvements in Benthic Index of Biological Integrity (B-IBI)
scores. Study area costs assume construction of the modeled BMP units occur over the
30-year period, with annual O&M and I&E costs increasing with installation of additional
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507 Strategies for Fixing Puget Sound’s Stormwater Problem

Room:

608/609

Date:

5/2/2014

9:00 AM - 9:15 AM

Presenter: Jim Simmonds, King County

Session: S-08B

Stormwater quality, impacts, treatment, solutions

Room:

608/609

Chair:

Jim Simmonds

#

Date: 5/2/2014

8:30 AM - 10:00 AM

121 Successes & Challenges in Achieving Green Stormwater Retrofits
Via Volunteer-Based Programs
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Authors:

Jim Simmonds, King County

Abstract: Stormwater is one of the biggest threats to Puget Sound. King County was
awarded a Puget Sound Watershed Management Assistance Program FY 2009 grant of
$999,981 by Region 10 of the U.S. Environmental Protection Agency, to conduct estimate
the numbers of different types of stormwater facilities, and their costs, needed to restore
stream flows in a Puget Sound watershed. Partners included the University of Washington,
the Cities of Auburn, Covington, and SeaTac, and the Washington State Department of
Ecology. The study area covers 278 square miles of the Green/Duwamish watershed and
portions of the Central Puget Sound watershed that comprise Water Resources Inventory
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Area 9, excluding the areas upstream of the Howard Hanson Dam and the city of Seattle.
The project estimated the number of different types of facilities needed to restore
streams throughout the project area. This project coupled the watershed hydrology
model, with a relatively new stormwater BMP modeling and planning tool developed by
the U.S. EPA, to estimate stormwater facility needs and costs. The number of existing
facilities was found to be small relative to the estimated need. The fraction of facilities to
be built as mitigation associated with new or redevelopment by 2040 was estimated.
Uncertainties from climate change impacts on precipitation patters were assessed. Public
and private capital and operating costs were estimated under different mitigation
strategies. Critical policy considerations for defining a strategy for reducing stormwater
impacts include • The trade-off between the environmental benefit of stormwater
mitigation associated with new and redevelopment and the private cost of building these
facilities, • The trade-off between the environmental benefits of a robust public retrofit
program to address stormwater issues that might be otherwise privately mitigated during
redevelopment in the distant future, • The apparent need for public investment in
stormwater treatment for roads and highways, • The large increase in operation and
maintenance programs for public facilities, • The large increase in the public program
required to inspect private facilities, and take enforcement actions as necessary, • The
need for substantial expansion of public funding for stormwater facilities, including the
possible creation of new funding mechanisms.

#

579 Using a stream bug index to prioritize areas for stormwater
retrofits in an urban watershed

Room:

608/609

Date:

5/2/2014

9:15 AM - 9:30 AM

Presenter: Elissa Ostergaard, King County
Authors:

Elissa Ostergaard, King County; Bruce Barker, ; Robin Kirschbaum, HDR
Engineering

Abstract: We present preliminary findings of a stormwater retrofit analysis for the Miller
and Walker Creeks watershed, located in southwest King County. Miller and Walker
Creeks are highly urbanized, with flashy stream flows and impaired stream bug
communities; adult coho returning to the creeks experience high rates of pre-spawn
mortality. We developed an approach to identify sites where stormwater retrofit projects
would provide the greatest potential for stream improvement. The watershed was
evaluated for areas with the highest potential for stormwater retrofit based on impervious
surface area, critical areas, steep slopes, soil infiltration potential, and other land use
considerations. Eighty sites were initially selected for further investigation. Criteria were
developed to select up to five sites for stormwater retrofit projects, and pre-design
reports will be prepared for those sites. Benefits of the stormwater retrofit mitigation
projects were evaluated by using Hydrologic Simulation Program Fortran (HSPF) to
compare existing conditions to the predicted responses. Hydrologic metrics (e.g., high
pulse count) associated with Benthic Index of Biotic Integrity (BIBI) scores were used to
estimate new BIBI scores following retrofit project implementation. This approach
attempts to determine the relative improvement that may be gained for aquatic biota by
changing the stream flow regime. However, improvements in water quality and physical
habitat are among the other factors important to aquatic habitat.

#

618 Stormwater retrofit planning in the Hood Canal Action Area:
defining the anatomy of a preferred site

Room:

608/609

Date:

5/2/2014

9:30 AM - 9:45 AM

Presenter: Julie Horowitz, Hood Canal Coordinating Council
Authors:

Julie Horowitz, Hood Canal Coordinating Counci; Mark Ewbank, Herrera
Environmental Consultants

Abstract: The Hood Canal Coordinating Council (HCCC) collaborated with watershed
jurisdictions and other entities to develop a Hood Canal Regional Stormwater Retrofit Plan
funded by a National Estuary Program Watershed Protection and Restoration Grant from
the Washington State Department of Ecology (Ecology). As in many other areas around
the Salish Sea, stormwater runoff from developed lands degrades surface water quality
and impairs stream habitat structure in the Hood Canal watershed. The development of a
regional approach for addressing stormwater runoff and its impacts is a unique
collaboration between HCCC members: Mason County, Kitsap County, Jefferson County,
the Skokomish Tribe, and the Port Gamble S’Klallam Tribe to strategically protect and
restore water quality and stream flows in the watershed. The Hood Canal Regional
Stormwater Retrofit Plan was designed to evaluate stormwater retrofit opportunities
using common prioritization and planning strategies to maximize benefits, efficiency, and
consistency. The Hood Canal Stormwater and Land Use Practices Workgroup (comprised
of the HCCC, Hood Canal jurisdictions, Ecology, WSDOT, and other organizations and
agencies) worked with a consultant team to identify priority areas for retrofit evaluation in
the watershed based on modeling and local considerations, and within these areas
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potential retrofit projects were identified and prioritized using criteria developed by the
Workgroup. These criteria included pollutant removal capability and educational value.
Prioritized sites were evaluated further and analyzed using more detailed prioritization
criteria, including other environmental benefits, community considerations, and potential
to qualify for established funding sources. A final list of the highest priority retrofit sites in
the watershed was developed to inform site selections for pre-design and the
development of the regional plan. This effort supports regional water quality benefits as
these priority projects are implemented and can also serve as a resource and “lessons
learned” for other rural watersheds in which planning is conducted for stormwater
management actions amidst diverse interests and development characteristics.
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Occurrence and impacts of emerging contaminants I
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In this session we will explore the current regional research related to the occurrence and
ecotoxicity of CECs in the Salish Sea. We also aim to explore the regional approaches to
the regulation and management of this vast group of compounds.
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Authors:
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Abstract: Chemicals of emerging concern (CEC) is a label primarily applied to contaminants
that are known or suspected to be released to aquatic environments but not commonly
regulated or monitored. The sources of CECs are diverse and the potential number of
individual CECs may be in the millions. The accessibility of advanced analytical
methodologies has permitted a growing number of CECs to be characterized in
environmental samples. However, with improved detection comes the recognition of the
widespread occurrence of many CECs, although often at very low levels. Thus, questions
are also being raised with regard to the environmental importance and toxicological
significance of the measurements. This also reflects the reliance on a largely retrospective
approach to monitoring, which emphasizes field measurements of effects on biota and
then assessing the likelihood of causation from contaminant exposure. However, rapid
changes both in the number and types of CECs that may be released to the environment
suggests incorporation of more prospective approaches, e.g. those that identify
potentially harmful CECs before release, will be increasingly valuable. In this talk, I will
provide an introduction to the sources, occurrences and categorization of CECs both in the
Salish Sea and other regions along with the challenges faced for effective monitoring and
risk prioritization. Recent research with select CECs such as pharmaceuticals of the
selective serotonin reuptake inhibitor (SSRI) class will also be presented. The SSRI’s
exemplify many of the challenges faced in risk prioritization due to their resistance to
degradation during wastewater treatment, potential for unexpected patterns of
bioaccumulation and synergistic interactions with other CECs.
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449 Contaminants of Emerging Concern in Puget Sound: A Comparison
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Authors:
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Washington-Tacoma; Derek Overman, University of Washington-Tacoma; Joel
Baker, University of Washington Puget Sound Institute

Abstract: The occurrence and fate of Contaminants of Emerging Concern (CECs) in the
environment is a function of source strength, hydrodynamics, and susceptibility to
environmental degradation. Puget Sound is an ideal location for the investigation of CECs
due to the wide variety and magnitude of anthropogenic impacts on source strength. In
this study, the spatial and temporal variability of a suite of CECs was investigated in
samples collected in the estuarine waters of Puget Sound. The investigated CECs were
comprised of approximately 20 pharmaceuticals (acetaminophen, ibuprofen), food
ingredients (caffeine, sucralose), metabolites (paraxanthine, cotinine), and herbicides
(atrazine, mecoprop). Spatial variability was investigated via a 3-day, “snapshot” sampling
event coordinated with citizen scientists in June of 2013 that encompassed sampling
locations ranging from Padilla Bay in Anacortes to Budd Inlet in South Puget Sound.
Temporal variability was investigated through repeated monitoring of the Thea Foss
Waterway in Tacoma over approximately 6 months. Approximately 1 liter of water was
collected at all sampling locations, filtered through 0.2 micron filters, adjusted to pH 8,
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extracted with solid phase extraction, and eluted with organic solvent. Final extract
volumes were approximately 1.5 ml, (a concentration factor of approximately 1000).
Extracts were analyzed with liquid chromatography-tandem mass spectrometry (triple
quadrupole mass analyzers). Method detection limits for most CECs investigated were
below 5 ng/L (mass CEC per sample volume). Some of the CECs investigated were
ubiquitous (Detection Frequency greater than 75%) in both the spatial and temporal
variability sample sets, including caffeine, sucralose, mecoprop, and sulfamethoxazole.
However, the measured CEC concentrations exhibited pronounced differences depending
on the CEC, from mean concentrations of ~25 ng/L for sucralose to below 0.25 ng/L for
mecoprop in the snapshot samples. In the snapshot samples, positive correlations (R2
greater than 0.6) were observed between carbamazepine and sulfamethoxazole,
carbamazepine and sucralose, and theobromine and paraxanthine. These measurements
of CECs represent some of the first of their kind in Puget Sound and demonstrate
variability, or lack thereof, in CEC concentrations in space and time.
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Authors:
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Abstract: Concern over human and wildlife health has brought increased attention to a
group of emerging environmental contaminants referred to as endocrine disrupting
compounds (EDCs). While progress has been made in describing the effects of these
compounds, there are still gaps in our understanding of alternative modes of action and
physiological effects outside of the reproductive axis, particularly in invertebrates. One
way that EDCs may elicit these changes is through disruptions to normal epigenetic
mechanisms. Epigenetics refers to heritable processes that alter gene activity without
manipulating the underlying DNA sequence. Epigenetic marks, such as DNA methylation,
are important regulators of gene expression in both plants and animals. This research
aims to characterize alternative modes of action of endocrine disrupting compounds by
utilizing molecular tools to examine epigenetic and physiological changes in Pacific oysters
(Crassostrea gigas) exposed to the synthetic estrogen, 17α-ethinyl estradiol (EE2).
In
this experiment, juvenile oysters were exposed to EE2 during gonad maturation. Sex-ratio
and size were evaluated after two months of exposure. Results of this exposure include a
trend toward more females in the EE2 exposed. In addition, the EE2 exposed females
were significantly larger than unexposed females. To investigate the molecular
underpinnings of this phenotype, DNA methylation profiles of control and EE2 exposed
females were directly compared using a DNA tiling microarray (MBD-ChIP) in order to test
the hypothesis that invertebrate DNA methylation patterns will be altered upon exposure
to EDCs. This analysis revealed a suite of genes that were differentially methylated in
response to EE2. Functional annotations of these genes indicate that a number of
biological pathways outside of the reproductive axis are being affected by exposure to
EE2.

studies. Ultimately, the CEC biomarkers generated from this work can be applied
throughout the Puget Sound region to identify sites and sources, and to better inform
decision-making associated with the ecological risks of CEC. Funded by Washington
Department of Ecology grant # G1300089.
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440 The pituitary gland as a target of endocrine disrupting
compounds in coho salmon, Oncorhynchus kisutch
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490 Innovative approaches to develop biomarkers for emerging
contaminants in the Puget Sound
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Authors:
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Abstract: Assessing the impacts of contaminants of emerging concern (CEC) on Puget
Sound aquatic resources is complicated by several important data gaps, including: 1) the
lack of an understanding of mechanisms of toxicity for this broadly diverse group of
contaminants, 2) a poor understanding of occurrence, distribution and environmental fate
of CEC in the Puget Sound, and, 3) relevant ecological receptors for inclusion in
biomonitoring. Our laboratories are approaching these data gaps by monitoring for a
broad array of CEC in water and fish in Puget Sound locations that receive effluents from
wastewater treatment plants, which are known sources for CEC. We are using
biochemical, molecular and physiological biomarkers in an integrated approach to
evaluate exposure and effects of CEC in juvenile Chinook salmon (Oncorhynchus
tshawytscha) and adult Pacific Staghorn sculpin (Leptocottus armadus). We are drawing
upon the high site fidelity of staghorn sculpin in assessments of CEC-associated
reproductive injury, whereas growth parameters are being analyzed in Chinook salmon.
We will undertake a discovery-based biomarker approach using whole genome microarray
studies in field sampled Chinook to generate new biomarkers for CEC. Important CEC
identified in field studies will be further evaluated in the laboratory to provide toxicity
thresholds, and to strengthen the association between CEC exposure and effects in field
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Louisa Harding, University of Washington; Irvin Schultz, Pacific Northwest
National Laboratory; Graham Young, University of Washington; Penny
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Abstract: There is growing evidence that chemicals in the aquatic environment may
interfere with reproduction of fish. In vertebrates, the pituitary gland is a central regulator
of reproduction, producing the gonadotropins, follicle-stimulating hormone (FSH) and
luteinizing hormone (LH), which regulate gonadal development, sex steroid synthesis and
gamete maturation. Despite the pituitary’s central role in regulating reproduction, there
are limited data on impacts of contaminants of emerging concern (CECs) on the pituitary
gland. Using high-throughput Illumina® sequencing and RNA-Seq we previously found that
LH beta subunit (lhb) and FSH beta subunit (fshb) were among the most significantly upand down-regulated transcripts, respectively, in immature coho salmon exposed to 17αethynylestradiol (EE2; synthetic estrogen in oral contraceptives) for up to 6 weeks. The
aim of this study was to further our understanding of the potential impacts of CECs on
gonadotropin synthesis. To this end, immature coho salmon were exposed to 0, 25 or 500
ng/L fluoxetine (FLX; antidepressant present in wastewater effluent) or 12 ng/L EE2 for up
to 6 weeks in flow-through tanks. Total pituitary RNA was collected and gonadotropin
subunit mRNA levels were analyzed by quantitative RT-PCR. As we previously found, 12
ng/L EE2 significantly up-regulated lhb mRNA levels at 1 and 6 weeks (450-fold and 1200fold respectively) and down-regulated fshb at 6 weeks (-3-fold). Six weeks exposure to at
least 25 ng/L fluoxetine also decreased fshb transcript levels (-2-fold) but had no effect on
levels of lhb. In conclusion, we have shown that environmentally relevant levels of EE2 and
FLX alter lhb and fshb mRNA levels in immature coho salmon. These results suggest that
CECs may disrupt pituitary function and alter gonadotropin synthesis. Further research is
needed to understand the effects of EE2 and FLX on FSH secretion and possible synergistic
effects of EE2 and FLX with other chemicals in the environment. This project was
supported in part by Washington SeaGrant project RB49 and EPA-Star project R835167.
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Ylitalo, ; sandie O'Neill,

Abstract: Marine waters near urban centers receive frequent inputs of chemicals that are
emerging as threats to ecological and human health referred to as chemicals of emerging
concern (CECs). Priority lists of CECs include some endocrine disrupting chemicals (EDCs)
such as natural and synthetic estrogens; 17β-estradiol (E2), estrone (E1), estriol (E3), and
17α-ethynylestradiol (EE2), as well as the industrial phenolic compounds [e.g., bisphenol A
(BPA), octylphenol (OP) and nonyphenol (NP)]. Recent information on the levels of these
EDCs in water indicates that they may pose a risk due to their widespread occurrence and
their potential estrogenicity, affecting growth, development and reproduction of marine
fish. Although limited data are available on exposure concentrations of EDCs in biota of
marine ecosystems, recent studies in Puget Sound have reported measurable levels of
selected EDCs in bile of male English sole that are correlated with abnormal reproductive
cycles and elevation in plasma vitellogenin levels in this benthic species. To determine the
baseline levels of these chemicals in marine fish and increase our knowledge of EDC
exposure in Puget Sound, we applied a recently developed method for quantitative
analysis of a larger suite of EDCs (i.e., E1, E2, E3, EE2, BPA, OP, NP) in bile of male and
female English sole collected at 10 different sites, including urban, near-urban and nonurban sites. Concentrations of EE2, OP and NP were below the limit of quantitation (1.5, 15
and 15ng/mL of bile, respectively) in fish bile whereas BPA was detected in most samples
collected throughout Puget Sound. Higher mean levels of the natural hormones E1, E2, E3
were found in bile from both male and female sole collected in the urban and near-urban
sites. Determining the ranges of biliary concentrations of these EDCs in marine fish from
Puget Sound will provide information on environmentally-relevant concentrations for
follow-up laboratory exposure studies and is a critical first-step in defining thresholds of
concerns for these CECs in marine fish.
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Abstract: The Puget Sound Partnership is working closely with the 14 Puget Sound Chinook
salmon recovery Lead Entities to develop 16 watershed-scale monitoring and adaptive
management frameworks for Chinook salmon recovery, translating local watershed
approaches to recovery into a common regional framework. With final products due in
May 2014, this presentation will discuss the process being applied to Chinook recovery
and potential application for overall Puget Sound ecosystem recovery. Using the Open
Standards for the Practice of Conservation (Open Standards) to guide the process and the
technical manual “Puget Sound Chinook Salmon Recovery: A Framework for the
Development of Monitoring and Adaptive Management Plans” (draft released by the
Recovery Implementation Technical Team in 2013) as the technical basis for characterizing
and monitoring ecosystem health, PSP is working with a team of consultants as well as
scientists and policy-makers in each of 16 watersheds around Puget Sound to translate
existing watershed plans into a common language. Watershed teams are identifying
strengths and gaps in existing plans, assessing status and trends of Chinook populations
and key habitat components, identifying status and effectiveness monitoring priorities,
and documenting adaptive management processes to support use of new information to
guide decisions on management and capital expenditures. This project forms the basis of
an adaptive management system for Chinook salmon recovery in Puget Sound: it will
establish a comprehensive, methodical, effective, and transparent monitoring and
adaptive management program for salmon recovery that is incorporated into, and
leveraged by, the broader efforts around Puget Sound recovery. Based on the outcomes of
applying this approach to Chinook recovery, PSP will evaluate potential application of a
similar approach for steelhead recovery planning and comprehensive ecosystem recovery
planning with the local integrating organizations (LIOs). This Open Standards-based
approach may support prioritizing strategies and actions at the Action Area and LIO level,
regional monitoring of status and effectiveness of Near Term Actions (NTAs) included in
the Action Agenda, and may also support assessment of which NTAs are likely to be most
effective toward meeting our recovery goals.
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Abstract: Puget Sound Chinook are listed as threatened under the U.S. Endangered Species
Act, and efforts to recover these populations are underway. Effective planning and
implementation of conservation measures designed to promote recovery require
knowledge of freshwater processes governing smolt production and juvenile rearing
strategies. The Washington Department of Fish and Wildlife monitors these viability
parameters through a network of smolt trapping sites throughout Puget Sound including
the Nisqually River, Green River, Cedar River, Skagit River and Dungeness River. At these
locations, we routinely observe two distinct pulses of subyearling migration: an early
movement of small fry (< 45 mm) captured immediately following emergence, and a later
migration of larger parr (> 45 mm) that rear and grow in freshwater for a variable period
of time. Yearling Chinook are occasionally observed, but only at extremely low catches,
and only in basins with cold, snow or glacial dominated headwaters. In terms of
productivity, Ricker stock-recruit analysis provides evidence for density-dependence of
parr but not fry abundance. This suggests limitation in the availability of rearing habitat
for parr, and we hypothesize that fry migrants move downstream because they are unable
to acquire rearing territories in habitats saturated with conspecifics. In watersheds where
this result is observed, habitat restoration efforts that augment parr rearing habitat would
have the greatest opportunity to benefit Chinook salmon productivity. We also find
evidence for strong effects of stream flow on Chinook productivity, often as a negative
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Abstract: Restoration project monitoring is often conducted to monitor the conditions at a
site before and after restoration. Observed changes are usually framed within the
boundaries of the given restoration site and in comparison to one or more reference sites.
However, restoration projects often occur in a small portion of a larger landscape and
understanding the interactions between the project site and the greater landscape can be
very beneficial, especially with regard to anadromous salmon. The Snohomish River
estuary, like many estuaries throughout Puget Sound, has been drastically altered over
time. In recent years several restoration projects have been completed within the system
while several more are in various stages of completion including the Qwuloolt restoration
site. We have developed a monitoring framework to include both intensive project site
level monitoring (Qwuloolt) and extensive estuary-wide monitoring of fish, hydrology, and
sediment dynamics. Beginning in 2012, we implemented a fish sampling program that
sampled a combination of 36 random and index sites throughout the estuary and
nearshore areas with a beach seine twice monthly from Feb-Sep. System level
temperature, salinity, and water level is monitored continuously at 12 stations throughout
the estuary. Sediment is currently monitored using SET’s installed at 4 locations with plans
to install equipment at 12-18 additional sites. Extending our monitoring beyond the
project site enables interpretation of site level characteristics and potential changes in the
context of the entire estuarine landscape. Furthermore, our extensive system-wide
monitoring enables collaboration among the agencies/groups and across project sites
addressing salmon recovery/restoration within the estuary. Our goal is to create and
maintain monitoring programs that address site level restoration questions, foster
collaboration across project sites, generate useful information for prioritizing future
restoration potential in the Snohomish River estuary, and provide basic surveillance for
wild salmon populations in the Snohomish.
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475 Combining site level project monitoring with system wide
ecosystem surveillance: providing a landscape context for salmon
restoration projects in the Snohomish River estuary.

Authors:

Presenter: Jeanette Dorner, Puget Sound Partnership
Authors:

relationship between peak flow and survival. Finally, our smolt trapping estimates permit
analysis of smolt to adult return rates, which will also be presented.

Todd Zackey, Tulalip Tribes; Casimir Rice, NOAA; Joshua Chamberlin,
NOAA/NMFS/NWFSC; Jason Hall, NWFSC; Holly Zox, One Horse Enterprises;
Jason Schilling, The Tulalip Tribes; Phil Roni, NOAA/NWFSC

Abstract: The Qwuloolt restoration site is approximately 150 hectares of former estuarine
wetland in the Snohomish River system that will have tidal inundation returned via levee
breach in late 2015. Qwuloolt is one of several large restoration projects planned for the
Snohomish River estuary in the next decade for recovery of salmon and other biota, which
together could restore several thousand acres and constitute one of the most significant
restoration efforts in Puget Sound. In 2008 we began development and implementation of
a comprehensive monitoring plan for Qwuloolt that evaluates a broad suite of abiotic and
biotic attributes (e.g., land forms, hydrology, and chemistry; taxonomic composition of
plant, invertebrate, fish, and bird assemblages). Four years of pre-breach data document
clear contrasts between Qwuloolt and adjacent reference sites. Qwuloolt is subsided,
hydrologically isolated, and its biota composed of relatively few species and dominated by
nonnative, freshwater species. These results provide an invaluable foundation for
scientifically rigorous post-breach evaluation of project performance, and contribute to
estuary-wide understanding of cumulative effects of restoration and basic estuarine
ecology of Puget Sound.
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603 Restoration of the Nisqually River Delta and increased rearing
opportunities for salmonids
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USGS; Isa Woo, USGS; Eric Grossman, U.S. Geological Survey; Aaron David, ;
Jennifer Cutler, Nisqually Tribe; Sayre Hodgson, Nisqually Indian Tribe

Abstract: Estuarine wetlands in the Salish Sea provide important rearing habitat for
migrating juvenile Pacific salmon, contributing to their overall productivity and ocean
survival. Substantial loss of historical estuarine habitat in the Salish Sea due to diking,
draining and development has contributed to the decline of Pacific salmon populations
(Oncorhynchus spp.). The return of tidal inundation through a series of dike removals to
364 hectares of the Nisqually River Delta (Olympia, Washington, USA) represents one of
the most significant advances to date towards the recovery of the threatened Nisqually
Fall Chinook stock. Our objective was to assess the collective Nisqually Delta restorations
in terms of increased rearing opportunity for juvenile salmon. Metrics consisted of
physical conditions that allow juvenile salmon to access the estuarine restorations such as
delta connectivity, full tidal inundation and channel development. Unlike most studies, we
put these physical metrics in terms of juvenile Chinook by constraining our inundation
model to outmigration season (Mar – Aug) and those tidal depths supporting juvenile
Chinook (> 0.4 m). We used these criteria, verified by presence of juvenile salmonids in
three restored and two reference tidal channels, to measure the change in opportunity
potential from pre-restoration to post-restoration condition for juvenile Chinook to access
and rear in the Nisqually estuary. We found landscape connectivity to be strongly tied to
tidal height and increased throughout the estuary with dike removal. Tidal channel
development was most rapid in the first and second year post-restoration; with channel
outlets widening and deepening to accommodate restored tidal prisms. Chum salmon,
natural origin Chinook and hatchery origin Chinook salmon accessed all three restored
marshes within two years post-restoration, although responses varied among years,
marshes and salmon species. These results suggest that the Nisqually Delta restorations
are providing increased rearing opportunity for juvenile salmon.

#

128 Size-selective mortality during freshwater and marine life stages
of steelhead related to freshwater growth in the Skagit River,
Washington

Room:

611/612

Date:

5/2/2014

9:45 AM - 10:00 AM

Presenter: Jamie Thompson, R2 Resource Consultants
Authors:

Jamie Thompson, R2 Resource Consultants, Inc.; Dave Beauchamp,
Washington Cooperative Fish and Wildlife Research Unit

Abstract: Wild steelhead trout, Oncorhynchus mykiss, in the Puget Sound are currently in
decline, and very little is known about the early life history of these threatened fish. This
study evaluated consequences of early growth and survival to smolt or adult stages in
different precipitation zones of the Skagit River Basin, Washington. The objectives of this
study were to determine whether significant size-selective mortality (SSM) in wild
steelhead could be detected between freshwater stages and returning adults; and if so,
how the magnitude of SSM varied among juveniles rearing in different precipitation zones
(snow and mixed rain-snow). Wild steelhead were sampled as juveniles, smolts, and
adults, and scales were measured to compare back-calculated size distributions and
growth rates of rearing juveniles with individuals that survived from an earlier life stage to
the smolt and adult stages. Back-calculated size-at-annulus comparisons indicated that
steelhead in the snow zone were significantly larger at annulus-1 than those in the mixed
zone. Steelhead sampled as adults were significantly larger than those sampled as
juveniles at annuli-1, -2, and -3, and larger than those sampled as smolts at annuli-2
and -3, Steelhead sampled as smolts were larger than those sampled as juveniles at
annuli-1 and -2, but smolts and juveniles were the same size at annulus-3. The disparity in
size-at-age-2 and -3 between steelhead sampled at earlier and later life stages suggested
that fast growth during the second or third freshwater growing seasons was vitally
important for survival to adulthood, and that both freshwater and marine survival could be
attributed, in part, to size attained at earlier life stages in freshwater. Efforts for recovery
of threatened Puget Sound steelhead could benefit by considering SSM in freshwater
environments, and identifying factors that limit growth during early life stages.
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Integrated marine planning initiatives, including best practices in science, social science
and policy with a focus on partnerships between federal, provincial, First Nation or local
governments.
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705 An Integrated Approach to Ocean Management – An Overview Of
Marine Spatial Planning as a Tool for Analysis and Marine
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Abstract: The increasing multiple stresses on marine environments, combined with most
of the world’s oceans managed as a common property resource, is a twofold recipe for
increased conflict between those that utilize the ocean and an overall decline in ocean
health. While coastal management addresses balancing human activities with ocean
health in nearshore areas, and while MPAs are a tool to protect certain geographic areas,
marine management has, until recently, lacked a systematic approach to managing human
activities to which everyone subscribes. Marine spatial planning (MSP) has been adopted
by a number of national and international organizations including the EU, UN and US. They
envision optimizing the economic and social uses of oceans to enable them to continue to
provide ecosystem goods and services. MSP builds on the principles of coastal
management and MPA identification in order to establish a framework for informational
gathering and decision-making that can be applied to all marine areas.
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Abstract: The Marine Planning Partnership for the North Pacific Coast (MaPP) is a
collaborative planning process for coastal and marine areas in the north coast of British
Columbia, Canada. MaPP is a co-led partnership between the Province of British Columbia
and First Nations governments, represented by the Coastal First Nations-Great Bear
Initiative, the North Coast-Skeena First Nations Stewardship Society, and the Nanwakolas
Council. Marine plans are being developed for four sub-regions: Haida Gwaii, North Coast,
Central Coast, and Northern Vancouver Island. To implement the EBM framework, MaPP
designed a Regional Zoning Framework using existing coastal plans, expert advice, and
lessons learned from other areas of the world. The three zones are: General Management
Zone, Special Management Zone, and Protection Management Zone. The General
Management Zone (GMZ) allocates space for a wide range of sustainable marine uses and
activities that are compatible with MaPP's ecosystem-based management principles. The
Special Management Zone (SMZ) allocates space for high priority and high potential
sustainable marine uses and activities, including economic development and cultural uses
that require specific environmental conditions or locations. The Protection Management
Zone (PMZ) allocates space primarily for conservation purposes, and may protect localized
conservation values. The PMZ uses the IUCN categories for marine protected areas and
the framework is supported by a number of other tools, including an ecosystem
vulnerability matrix, compatible use matrix, activity table, and guidelines for designating
zones. In this presentation, we will provide a brief overview of the MaPP, discuss the
zoning framework, and describe zoning designations with associated tools in the MaPP
study area.

#

687 A Collaborative Approach to Systematic Marine Protected Area
Network Planning in British Columbia

Room:

613/614

Date:

5/2/2014

9:00 AM - 9:15 AM

Presenter: Charlie Short, BC Ministry of Forests
Authors:

Charlie Short, BC Ministry of Forests, Lands and Natural Resources; Karen
Topelko, BC Ministry of Forests, Lands and Natural Resources; Kate Ladell,
Department of Fisheries and Oceans

Abstract: In British Columbia, legislated responsibilities for the protection of marine values
are a shared responsibility between federal and provincial governments. Traditionally, the
governments of Canada and B.C. have established marine protected areas (MPAs)
independently, on an ad-hoc basis, and often in response to single species or habitat
specific conservation issues. This is challenging because dual designation may be required
to meet MPA objectives, and ad hoc approaches may lead to gaps in biophysical
representation and greater uncertainty for marine stakeholders. Recognizing the need to
partner together and move towards more systematic marine conservation planning, the
governments of Canada and B.C. have completed a strategy for the design of a network of
MPAs on the Pacific Coast. The strategy proposes a clear vision, identifies priority goals
and objectives, and recommends a set of general operating and network design principles
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to guide development and implementation of a coast-wide network of MPAs. Identifying
gaps in biophysical representation is a preliminary step towards future implementation.
Initial GIS analyses suggest gaps in biophysical representation in existing MPAs, reinforcing
the need for a more collaborative systematic approach to MPA network planning in BC.
This presentation will describe how governments will work collaboratively to design an
effective network of MPAs through existing integrated marine spatial planning processes.

Chair:

#
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690 Marine Protected Area Design for the North Pacific Coast, Canada

Room:

613/614

Date:

5/2/2014

9:15 AM - 9:30 AM

Authors:

Joanna Smith,Birdsmith Ecological Research, Smithers, BC, Matthew Justice,
Ministry of Forests, Lands, and Natural Resource Operations, Victoria, BC;
Steve Diggon, Coastal First Nations-Great Bear Rainforest; and John Bones, JG
Bones Consulting, Victoria, BC.

Abstract: Marine spatial planning is underway in British Columbia at multiple scales,
involving several levels of government, and for many marine objectives or issues. The
Marine Planning Partnership for the North Pacific Coast (MaPP) is a collaborative planning
process for coastal and marine areas on the Pacific Coast of Canada. MaPP is a co-led
partnership between the Province of British Columbia and First Nations governments,
represented by the Coastal First Nations-Great Bear Initiative, the North Coast-Skeena
First Nations Stewardship Society and the Nanwakolas Council. Marine plans are being
developed for four sub-regions in the study area - Haida Gwaii, North Coast, Central Coast
and Northern Vancouver Island. MaPP is using an ecosystem-based management
framework to develop candidate marine protected areas and recommendations for a
National Marine Protected Area Implementation Team (MPAIT). Building on work done by
the British Columbia Marine Conservation Analysis (BCMCA) from 2006-2012, MaPP is
collaborating with BCMCA to identify high priority conservation areas in the MaPP study
area using Marxan. To date, the project has developed five scenarios using ecological
targets ranging from 10-60% for nearly 275 features. In addition, human uses and
activities were included to address relative social and economic costs of implementing
protected areas, as well as threats to ecological integrity. In this presentation, we will
provide a brief overview of the planning process, discuss the process of using Marxan to
identify high priority conservation areas and discuss spatial results and implications.

#

688 Ecosystem-Based Management Indicators for a Marine Planning
Process in BC's North Coast - Marine Planning Partnership (MaPP)

Room:

613/614

Date:

5/2/2014

Abstract: The Marine Planning Partnership for the North Pacific Coast (MaPP) is a
collaborative planning process for coastal and marine areas in the north coast of British
Columbia, Canada. MaPP is a co-led partnership between the Province of British Columbia
and First Nations governments, represented by the Coastal First Nations-Great Bear
Initiative, the North Coast-Skeena First Nations Stewardship Society, and the Nanwakolas
Council. Marine plans are being developed for four sub-regions: Haida Gwaii, North Coast,
Central Coast, and Northern Vancouver Island. MaPP is using an ecosystem-based
management (EBM) framework and developing indicators for ecological integrity, human
well-being, and governance. This talk will briefly outline the methodology and present
draft indicators for monitoring EBM in the North Pacific Coast of British Columbia. These
indicators are forming the basis of a MaPP EBM Indicator Toolbox to monitor the regional
frameworks and sub-regional plans including objectives and strategies for climate change
adaptation, marine uses and activities, marine pollution, and marine protected areas. It is
too early for us to present on the results of using the indicators because the marine
planning process is still underway, however we will discuss the potential use of indicators
in connection with our work to analyse the vulnerability of ecosystem types to marine
stressors, as well as in the context of a draft cumulative effects assessment framework.
Finally, we will briefly discuss ideas for implementation of a monitoring program for the
indicators in the toolkit.

Session: S-08F
Room:

Emerging tools for synthesizing and communicating
ecosystem information I

602/603

Date: 5/2/2014
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Authors:

8:30 AM - 10:00 AM

Date:

5/2/2014

8:30 AM - 8:45 AM

Andrea Copping, Pacific Northwest National Lab; zhaoqing Yang, Pacific
Northwest National Laboratory; Nathalie Voisin, Pacific Northwest National
Laboratory; Jonathan Whiting, Pacific Northwest National Laboratory; Brie
Van Cleve, Pacific Northwest National Laboratory

Abstract: Local government water resource managers are faced with the twin challenges
of climate change and increasing development in coastal watersheds, and are driven by
the necessity to provide critical habitat for endangered fish in the estuary and watershed,
and the requirement to protect human infrastructure from flooding. Numerical models of
waters resources have been developed for the Snohomish Basin in north central Puget
Sound, linking the flow of freshwater from the upper watershed (Snow Caps) through the
floodplain, into the marine waters of the Snohomish River estuary and into Puget Sound
(White Caps). The linked models were used to generate scenarios of fresh and marine
water flow and interaction, run under conditions of future climate change, and changes in
land use/land cover (to simulate development in the watershed). Scenarios were
informed by the model output in order to understand effects of climate change and
development on seasonal flooding, transport of contaminants from land into the estuary,
changes in salt wedge intrusion into salmon habitat, and changes in the exposure of mud
flats in the estuary. The scenarios are based on specific questions posed by local
government staff; scenario storyboards have been shared with local and state water
managers through interactive workshops and online tools. Feedback from the participants
helped guide the outcome of the scenarios. The effectiveness of providing model-driven
simulations and forecasts to local water managers is assessed and best practices for
developing communication vehicles and disseminating the results are analyzed.

#

591 Success in the Sound: Local Examples of How Restoration Efforts
Have Succeeded

Room:

Andrew Day, West Coast Aquatic, Port Alberni, BC; Micha Prins, Uuma
Consulting, Ltd, Victoria BC; Stephanie King, Uuma Consulting, Ltd, Victoria BC;
John Bones, JG Bones Consulting, Victoria, BC Charlie Short, Ministry of
Forests, Lands, and Natural Resource Operations, Victoria BC; and Joanna
Smith, Birdsmith Ecological Research, Smithers, BC.

602/603

Presenter: Simon Geerlofs, Pacific Northwest National Laboratory

9:30 AM - 9:45 AM

Presenter: Andrew Day, West Coast Aquatic
Authors:

125 Applying Fresh and Marine Water Modeling Results to Support
Decisions for Local Government Managers: Snow Caps to White
Caps

Room:

Presenter: Joanna Smith, Birdsmith Ecological Research

Jeff Rice

Strategies for improving information flow among scientists, stakeholders and policymakers
using new technologies such as data visualization, crowd sourcing and interactive
conceptual models; how technology helps (or hinders) the effectiveness of
communication among scientists; and the potential impacts of “open access” publishing

602/603

Date:

5/2/2014

8:45 AM - 9:00 AM

Presenter: Constance Sullivan, Puget Sound Institute
Authors:

Constance Sullivan, Puget Sound Institute; Katherine Boyd, Puget Sound
Partnership

Abstract: Restoration and conservation efforts are abundant throughout Puget Sound, and
many are performed on a local scale. Several success stories have emerged showing
effectiveness monitoring data that identify successful changes in the ecosystem brought
about by these targeted restoration projects. This presentation will address several
examples, including: 1. The Thea Foss Waterway – City of Tacoma. Once heavily polluted
and largely abandoned as a residential area, the Thea Foss Waterway now boasts
dramatically cleaner waters and a thriving downtown area. Enhanced maintenance, in
combination with the existing aggressive source control and clean up program, resulted in
statistically significant reductions for several contaminants, including metals, pesticides,
and PAHs. 2. One Millionth Tree - Whatcom County Conservation District. Degraded
riparian areas and water quality limit salmon and steelhead recovery in Puget Sound and
can negatively affect shellfish beds. The Whatcom County Conservation District
Conservation Resource Enhancement Program (CREP) provides assistance to landowners
who wish to install vegetative buffers on their property that provide critical shade and act
as water quality filters. On April 20, 2013 (Earth Day) the one millionth CREP tree was
planted in Acme, WA. Other examples will include various restoration efforts in Kitsap
County and other locations around Puget Sound. Along with detailing some successful
restoration activities, this presentation will summarize common mechanisms for
successful restoration processes that have been employed at the local level. This
presentation will be a companion presentation to 1. The 2013 State of the Sound: Status
of the ecosystem, proposed by Nathalie Hamel (Puget Sound Partnership), and 2. 2013
State of the Sound: Accountability and funding, proposed by Katherine Boyd and Alex
Mitchell (Puget Sound Partnership). The four presenters will discuss the linkages among
tracking, ecosystem indicators, and effectiveness monitoring in Puget Sound recovery
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442 EBMBase: A knowledge capture framework for overcoming the

Page 75 of 99

2014 Salish Sea Ecosystem Conference

Abstract Book: Presentations by Date, Time, and Session

Ecosystem-Based Management communication gap
Room:

602/603

Date:

5/2/2014

9:00 AM - 9:15 AM

Presenter: Edward Gregr, University of British Columbia
Authors:

Edward Gregr, university of British Columbia; Kai Chan, University of British
Columbia

Abstract: As science has advanced, the depth and breadth of accumulated knowledge has
led to the scattering of disciplines across the landscape of worldly mysteries. Each of us
strives to understand that part of the landscape where we work, using the language
developed by those who arrived there before us. We are aware of work done in other
parts of the landscape, but we seldom need to engage it. That is, until we realized that to
effectively manage the impacts of our activities on natural systems, an interdisciplinary
effort would be required. Ecosystem-based management (EBM) strives to recognize the
full array of interactions within an ecosystem that includes humans. This effort is not only
interdisciplinary (involving multiple scientific disciplines) but also transdisciplinary
(extending beyond science to stakeholders, and others). Given the diversity of scientific
disciplines and in the broader stakeholder community, communication is critical. However,
in such heterogeneous groups, communication is typically confounded by jargon. This is
particularly true for something as broad and all-encompassing as EBM. We argue that
EBM would advance much faster, and with less conflict, if knowledge transfer between the
diverse groups was improved, and learning from past experiences enhanced. To that end,
we are exploring ways of standardizing how EBM knowledge is represented, and through
that how EBM efforts are represented. We begin with the assertion that any EBM context
can be defined in terms of Entities - ecosystem components, activities, communities, and
Relationships - impacts, benefits, processes. We argue that there exists a comprehensive
set of such Entities and Relationships that, along with their attributes, would be sufficient
for defining any EBM context. Once defined, this ontology (EBMView) would provide a
straightforward method for standardizing and integrating the knowledge held by the
groups involved. It would also serve as a framework with which to build EBMBase - a
searchable, analyzable repository of EBM case studies represented in EBMView. The
advantages of such a standardized representation of a diverse collection of EBM
applications are myriad, all stemming from improved knowledge representation. These
include streamlined communication, faster knowledge transfer, increased understanding,
and reduced conflict among EBM participants.

#

310 Understanding and implementing an ecosystem approach to
management and protection of the Strait of Georgia, Canada

Room:

602/603

Date:

5/2/2014

9:15 AM - 9:30 AM

Presenter: Ian Perry, Fisheries and Oceans Canada
Authors:

Ian Perry, Fisheries and Oceans Canada

Abstract: Understanding and implementing an ecosystem approach to management and
protection of the Strait of Georgia, Canada R. Ian Perry 1 and Diane Masson 2 1 Fisheries
and Oceans Canada Pacific Biological Station Nanaimo, BC V9T 6N7 Canada Email:
Ian.Perry@dfo-mpo.gc.ca 2 Fisheries and Oceans Canada Institute of Ocean Sciences
Sidney, BC V8L 4B2 Canada The Strait of Georgia is arguably the most humandominated marine system in Canada, with approximately 75% of the population of BC
living along its shores. Given its rich and diversified ecosystem as well as the current and
anticipated environmental and human pressures, the Strait of Georgia was chosen as the
location for Fisheries & Oceans Canada’s Pacific Ecosystem Research Initiative. The overall
objective of the Initiative was to establish the bases for the management of ecosystem human interactions in an integrative framework. This presentation summarises and
integrates the findings from these projects and describes six key elements for
implementing ecosystem protection in the Strait of Georgia: understanding how this
system works; identifying ecosystem indicators and thresholds; a comprehensive
monitoring strategy, tools for ecosystem assessments, and identifying important areas.

#

518 The 2013 State of the Sound: Status of the ecosystem

Room:

602/603

Date:

5/2/2014

9:30 AM - 9:45 AM

Presenter: Nathalie Hamel, Puget Sound Partnership
Authors:

Nathalie Hamel, Puget Sound Partnership

Abstract: The Puget Sound Partnership, the state agency responsible for leading and
coordinating efforts to recover the health of Puget Sound, adopted 21 indicators to track
the health of Puget Sound. These indicators are collectively referred to as the “Puget
Sound Vital Signs”. This presentation reports trends of the Vital Signs and the progress
made toward their respective ecosystem recovery targets set for 2020. Data are compiled
from monitoring programs managed by various agencies and organizations associated
with the Puget Sound Ecosystem Monitoring Program (PSEMP). Thus, findings represent
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the work of many partners. Three of the Vital Signs have been improving relative to their
respective baselines. All three are “management response” indicators, i.e., direct
measures of a human action. Newly harvestable shellfish beds and more swimmable
beaches, two of the improving Vital Signs, reflect reductions in pathogens in local areas.
Estuary restoration, a measure of the number of acres of restored river delta, is the only
other Vital Sign that made progress. Three Vital Signs remained unchanged (eelgrass,
Chinook salmon and summer stream flows) while three others actually worsened (orcas,
herring and marine water quality). This lack of progress was expected given that these are
all indicators of ecosystem components that are generally difficult to manage and tend to
change slowly over time. Six Vital Signs showed mixed results. They are represented by
two or more measures which reveal a mix of improving conditions, worsening conditions
and/or lack of data. A conclusion for progress was not available for the remaining six Vital
Signs because they were either under development or had no data. Despite some notable
improvements, all Vital Signs remain far from the 2020 targets. In the short-term,
responsive indicators matched appropriately to the scale of recovery efforts should be
emphasized to help inform the course corrections needed to improve ecosystem health
over time.

#

540 2013 State of the Sound: Accountability and Funding of Puget
Sound Recovery

Room:

602/603

Date:

5/2/2014

9:45 AM - 10:00 AM

Presenter: Katherine Boyd, Puget Sound Partnership
Authors:

Katherine Boyd, Puget Sound Partnership; Alex Mitchell, Puget Sound
Partnership

Abstract: Hundreds of management actions are underway to protect and restore the
health of Puget Sound, many of which are identified in the region’s 2012 Action Agenda.
The Puget Sound Partnership has been tasked by the Washington State Legislature with
ensuring accountability for achieving the Action Agenda. Tracking and accountability are
the first steps to successfully addressing Puget Sound ecosystem recovery. The State of
the Sound is a legislatively required performance report produced by the Partnership
every two years. Analysis of performance management of, and funding for, actions and
programs, and status of the ecosystem are featured in the latest report published in 2013.
Examples include: • 68% of the 199 the recovery actions are on plan or complete • The
majority of the time, the reason for slow, or no, progress is lack of resources • The actions
are under-funded by $390 million • Since 2012, the region has closed the funding gap by
22% In addition to the data presented above, this presentation will discuss: • How the
data are gathered • The development and use of the online Report Card tool for tracking
status and funding • The success of the Report Card forums - held before the Leadership
Council - in moving forward Near Term Actions that are falling behind; and • Common
barriers to implementation This presentation will be a companion presentation to 1. The
2013 State of the Sound: Status of the ecosystem, proposed by Nathalie Hamel (Puget
Sound Partnership), and 2.Success in the Sound: Local Examples of How Restoration
Efforts Have Succeeded, proposed by Katherine Boyd(Puget Sound Partnership) and
Constance Sullivan (Puget Sound Institute. The four presenters will discuss the linkages
among tracking, ecosystem indicators, and effectiveness monitoring in Puget Sound
recovery efforts.

Session: S-08G Rethinking Our Waterways: Collaboration and Working
Effectively with Landowners, Project Partners and
Decision Makers
Room:

6E

Chair:

Amy Greenwood and Todd Woodard

Date: 5/2/2014

8:30 AM - 10:00 AM

An interactive panel discussion to share lessons learned, best practices and on-the-ground
experiences from collaborative watershed initiatives that have effectively engaged local
landowners and decision makers to produce tangible improvements for riparian and
aquatic habitat and function.

#

588 Building the Platform for Collaborative Natural Resource
Management: A Case Study of Human Dimensions in Puget Sound
Salmon Recovery

Room:

6E

Date:

5/2/2014

8:30 AM - 8:45 AM

Presenter: Ashley McBee, The Evergreen State College
Authors:

Ashley McBee, The Evergreen State College

Abstract: When Chinook salmon, Oncorhynchus tshawytscha, were listed as threatened, in
1998, under the Endangered Species Act, citizens, tribes, and local governments in
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Washington State began developing and implementing the first bottom-up species
recovery plan in U.S. history. This coordinated effort created the opportunity to study a
place-based, collaborative approach to natural resource management. Utilizing interviews
and primary documents, this case study explores the organizational structures and
collaborative processes of watershed level organizations, Lead Entities, that are tasked
with bringing together diverse groups of stakeholders to develop local salmon habitat
recovery strategies. The robust data reveals a myriad of inter-related factors that
influence collaborative processes within Lead Entities. These factors include the variation
in physical and social landscapes Lead Entities exist within. Factors common among Lead
Entities were also revealed in the data analysis, such as collaborative relationships, trust,
communication, conflict, and conflict resolution. This study’s findings and
recommendations contribute to the field of collaborative natural resource management,
which focuses on creating management approaches that pool knowledge and resources
from diverse groups to create management plans that are more applicable and resilient
because they are formed through inclusive, collaborative processes. Furthermore, this
case study contributes data for use in the current transformation of the field of natural
resource management. This transformation is characterized by a paradigm shift that
moves away from identifying and addressing natural resource issues from a purely natural
and physical science lens and towards the recognition that effective resource
management outcomes are dependent on our ability to work together collaboratively.

#

144 Governing Complex Environmental Commons: Stakeholder
Cooperation in Salmon Recovery in Washington and Oregon

Room:

6E

Date:

5/2/2014

8:45 AM - 9:00 AM

health. The structure, approach and outcomes from SLIPP are unique in BC and the key
lessons are relevant across a wide spectrum of communities, regions and initiatives.

#

Room:

Nives Dolsak, University of Washington; Sara Singleton, Western Washington
University

Abstract: This paper addresses the question of effectiveness of frequently prescribed
approach to environmental governance of complex systems, namely, collaborative
environmental management. More specifically, it compares collaboration in salmon
recovery in two geographic areas, one with a state-created organization whose mission is
to support collaborative management (Puget Sound Partnership, Washington) and another
relying on bottom-up collaborative management approach (Lower Columbia/Willamette
River area, Oregon and Washington). Salmon recovery is a complex environmental
problem, requiring cooperation among diverse stakeholders. To examine which
stakeholders and issues are relevant for salmon recovery, we conducted a content analysis
of articles published in local newspapers for issues such as salmon, salmon recovery,
irrigation, agriculture, water quality, and water quantity. Subsequently, we analyze
participation of stakeholders in the collaborative processes using data on meeting
attendance and public hearing process for appropriate agencies.

#

695 Rethinking Our Waterways - best practices for collaborative
approaches to watershed planning

Room:

6E

Date:

5/2/2014

9:00 AM - 9:15 AM

Presenter: Amy Greenwood, Fraser Basin Council
Authors:

Amy Greenwood, Fraser Basin Council

Abstract: Water is the lifeblood of communities. We depend on it, we value it, and with
growing awareness of the potential impacts of population growth, climate change and
other pressures within our water resources and watersheds, we must work together to
effectively manage and steward our water resources into the future. To address the
complexities inherent to watershed and water resource planning at the local scale, the
Fraser Basin Council has developed a comprehensive watershed-planning guide to assist
organizations and individuals to: • Understand the value of water and watershed planning
• Navigate the diversity of current and emerging water issues • Understand the range of
planning options available in British Columbia; and, • Build capacity to develop and
implement plans to strengthen watershed health and community sustainability. Bringing
the right people together to discuss the wide ranging issues within a watershed is no easy
task, but when done well, it can be an efficient, credible, and cost effective way to develop
integrated and robust solutions that are relevant to, and supported by, the community.
Key principles for collaborative multi-stakeholder processes include: • shared purpose and
clearly defined incentives to participate; • commitment to the collaborative process; •
collectively designed and determined process that suits the needs of the participants; •
establish realistic milestones and deadlines to track progress throughout the process; •
effective process coordination, oversight and management, including a trusted and
credible facilitator. The Shuswap Lake Integrated Planning Process (SLIPP) is a multiagency planning process focused on improving the health and prosperity of the lakes in
the Shuswap watershed in BC’s central interior region. SLIPP provides on on-the-ground
example of collaboration for watershed planning and ultimately, improved watershed
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6E

Date:

5/2/2014

9:15 AM - 9:30 AM

Presenter: Todd Woodard-Samish, Samish Indian Nation
Authors:

Todd Woodard-Samish Indian Nation

Abstract: The Samish Indian Nation's Department of Natural resources has been working
to fight Japanese Knotweed infestations in the entire Samish River Watershed for the past
3 years. We have successfully worked with a variety of landowners to survey the extent of
infestations and initiate a comprehensive invasive control project. We have involved
additional project partners such as Skagit Fisheries Enhancement Group and leveraged
additional funding sources to restore native plant populations and riparian function where
knotweed has been removed. To date, nearly 90 acres of knotweed has been treated and
30 acres of riparian zone are scheduled to be replanted with native diverse plant species.
This presentation will detail the project overall focusing on how to build landowner
participation in a watershed that is very important from a salmonid production standpoint
as well as an agricultural and private landowner perspective.

#

Presenter: Nives Dolsak, University of Washington
Authors:

680 Controlling Japanese Knotweed in the Samish River Watershedbuilding partnerships with landowners to restore riparian function

679 Skagit Fisheries Enhancement Group Community Based
Restoration: the value of developing partnerships for salmon
recovery

Room:

6E

Date:

5/2/2014

9:30 AM - 9:45 AM

Presenter: Michelle Murphy, Stewardship Manager
Authors:

Michelle Murphy, Stewardship Manager, Skagit Fisheries Enhancement Group

Abstract: The collaborative process plays a critical role in habitat restoration. With
support from a federal grant, the Skagit Fisheries Enhancement Group has been working
with the Samish Nation to restore areas along the Samish River after the removal of the
noxious weed knotweed. This effort has involved a collaborative strategy between the
Samish and Skagit Fisheries to engage landowners and the community to achieve
restoration and noxious weed control. In addition, Skagit Fisheries has a broader approach
to community engagement and working with landowners to achieve restoration for
salmon habitat. Case examples will be presented to showcase these efforts.

Session: S-08H Incentives, Guidance and Collaboration for Greener
Shorelines
Room:

607

Chair:

Susan Key and Margaret Glowacki

#

Date: 5/2/2014

8:30 AM - 10:00 AM

214 Creating Guidance to Address Shoreline Master Program Policies
for Alternative Shoreline Stabilization

Room:

607

Date:

5/2/2014

8:30 AM - 8:45 AM

Presenter: Kelsey Gianou, WA Dept of Ecology
Authors:

Kelsey Gianou, WA State Department of Ecology

Abstract: Shoreline stabilization is a significant management challenge within the Puget
Sound region. Alternative soft shoreline stabilization techniques have been identified as a
preferred way to minimize ecological impacts to Puget Sound nearshore habitat
associated with shoreline stabilization. The Washington Department of Ecology (Ecology)
updated policies that set a preference for soft stabilization. Local jurisdictions are
currently incorporating updated shoreline stabilization regulations into their local
Shoreline Master Programs (SMPs). However, the familiarity and prevalence of traditional
hard armoring methods make it a challenge for local jurisdictions to implement soft
shoreline stabilization projects. Therefore, Ecology is creating guidance to assist local
jurisdictions planning for and implementing soft stabilization techniques, particularly for
single-family shoreline properties. This guidance is one of the first from Ecology related to
SMP implementation. The guidance is intended to: describe the soft shoreline stabilization
concept, provide examples for how to plan for soft shorelines, review key points for
permitting soft stabilization, and give examples demonstrating how to prioritize soft
shoreline implementation efforts. The use of this guidance is intended to advance the
implementation of soft shoreline stabilization and minimize cumulative impacts on
nearshore habitats through SMP administration. This presentation will give an overview
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of Ecology’s soft shoreline stabilization guidance, discuss early feedback from local
jurisdiction staff, and share next steps for outreach and engagement.

#

545 Enhancing Lake Washington shoreline through unique
collaborations

Room:

607

Date:

5/2/2014

8:45 AM - 9:00 AM

Presenter: Monica Shoemaker, State Dept.Natural Resources
Authors:

Presenter: DG Blair, Stewardship Centre for BC
Authors:

DG Blair, Stewardship Centre for BC

Abstract: An overview of the Green Shores program. Green Shores was developed in BC
for marine shorelines with a focus on commercial properties. The Green Shores Coastal
Development Rating System (CDRS) pilot project and case studies from three coastal
projects will be highlighted. The presentation will provide opportunity to discuss lessons
learned from the Green Shores CDRS certification process and SCBC's work coastal
communities as well as next steps for Green Shores in BC and beyond.

Monica Shoemaker, State Dept.Natural Resources

Abstract: A unique partnership between private and public entities has enabled the
enhancement of valuable shoreline habitat on three acres of waterfront property located
in South Lake Washington. This property is located 400 meters east of the Cedar River, a
major tributary to Lake Washington. The proximity to the Cedar River is an important
feature of this site because threatened out-migrating Puget Sound Chinook salmon use
shorelines close to the mouth of the Cedar River for rearing.
The shores of Lake
Washington are a vital nursery ground for salmon, however most of this shoreline habitat
has been altered with overwater structures, bank armoring, and the reduction of
overhanging native vegetation. At the project site a steel sheet pile wall runs for over 500
feet along the shoreline. Concrete debris is scattered in the water, piles leach creosote,
and stormwater flows into the nearshore. The project design creates shallow water
habitat with overhanging vegetation and will improve water quality along the shoreline.
Habitat enhancements will be constructed this summer and are a product of collaboration
between public agencies and private entities. Partnerships have developed between
WADNR, WSDOT, Boeing, DOE, RCO, and USFWS. This presentation will look at how
entities with different program goals can come together to design an important shoreline
enhancement while at the same time benefiting their directives. For example, Boeing will
gain new infrastructure when their stormwater outfalls are moved into deeper water,
improving shallow water habitat for salmon. Moreover, WSDOT will receive mitigation
credit for funding the construction of the project, providing WADNR the additional funds
needed to move past the design phase and construct the project. Developing these
partnerships takes time and effort; the reward is design and construction of the largest
shoreline enhancement project in South Lake Washington. This project strives to be an
example of successful partnerships and to encourage future collaborative restoration
efforts between public and private entities.
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703 The Future of Green Shores and Coastal Adaptation

Room:

Date:

607

5/2/2014

9:45 AM - 10:00 AM

Presenter: John Readshaw, SNC Lavalin
Authors:

John Readshaw, SNC Lavalin

Abstract: This presentation includes a description of engineering and design research
conducted in British Columbia into how sea level rise may affect shoreline property
owners. The study, prepared for the Stewardship Centre for BC evaluates the
effectiveness and importance of the Green Shores for Homes as an approach to coastal
development and a way to prepare for sea level rise.

Session: S-08I

PSSA Workshop

Room:

604

Chair:

Stephanie Buffum

#

Date: 5/2/2014

8:30 AM - 10:00 AM

926 Particularly Sensitive Sea Area: An International Tool to Reduce
the Risk of Accidents Associated with Vessel Traffic in the Salish
Sea

Room:

Date:

604

5/2/2014

8:30 AM - 10:00 AM

Presenter: Alexander Gillespie, University of Waikato, New Zealand
Authors:
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341 The Green Shores for Homes Credit System

Room:

607

Date:

5/2/2014

9:00 AM - 9:15 AM

Presenter: Brian Emmett, Archipelago Marine Environmental Services
Authors:

Brian Emmett, Archipelago Marine Environmental Services

Abstract: The Green Shores for Homes (GSH) credit system addresses a diversity of
initiatives related to retention or restoration coastal processes, nearshore habitats, runoff
management and shore stewardship for single waterfront homes. One of the key
objectives of GSH is to provide guidance and resources to homeowners as to the best
options for sustainable management of their shorelines. This presentation will review the
technical basis for the credits, the credit structure and submittal process and provide
background on how they may be applied in a single waterfront home setting.
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Abstract: In this presentation Maggie Glowacki will describe how the Green Shores for
Homes (GSH) rating system was tested using pilot sites. Two sites were identified in Lake
Washington and two sites were identified in the Salish Sea and based on recent
improvements at these sites the GSH rating system was used to determine the Green
Shores credit scores at each site. Then each site was scored by a trained verifier to
determine how well both the GSH rating system and verifier training performed.
Adjustments were made to the GSH rating system and the verifier training based on the
results of the assessment of the pilot projects.

Abstract: Learn results from the Particularly Sensitive Sea Area feasibility study that
analyzed how this international regulation can protect important ecological and cultural
values in the Salish Sea impacted at risk by increased vessel traffic. The Particularly
Sensitive Sea Area (PSSA) Feasibility Study for the Salish Sea investigated the possible
benefits and costs of enhancing the management regime of the areas surrounding the
shipping lanes surrounding the San Juan Island National Monument, and British Columbia’s
Marine Provincial Parks through the creation of a Particularly Sensitive Sea Area. This
potential designation can only be achieved if the area is particularly sensitive (in ecological
and cultural terms). While such PSSA designations have been recognized in other parts of
the United States and the international community, they have not been considered in the
context of the highly vulnerable Salish Sea. Learn what needs to be achieved, how this was
done elsewhere, with tribes, citizens, businesses, eco-tourism operators, an decisionmakers, and what the implications are for the Salish Sea. Discuss the next steps needed to
move the PSSA forward for Canada and the United States. This PSSA Feasibility study was
conducted by the FRIENDS of the San Juans with support from the Samish Indian Nation.
Presenter Bio. Dr. Alexander Gillespie is the Pro-Vice Chancellor of Research at the
University of Waikato, New Zealand and a professor of international law and the laws of
war. He is the author of 11 books and over 50 peer-reviewed academic articles. He is
commonly recognized as one of the global academic leader in the area of conservation,
biodiversity and international environmental law. Professor Gillespie has worked
extensively on diplomatic matters for the Ministry of Foreign Affairs, and the Department
of Conservation in New Zealand. He has lead foreign delegations for New Zealand, as well
as working for international organizations such as UNESCO where he was elected as the
Rapporteur for the World Heritage Convention. In addition, Professor Gillespie has
provided commissioned work for the United Nations, the Commonwealth Secretariat,
national governments (in addition to New Zealand) and numerous corporate and nonprofit organizations in Europe, North America, and Australasia.
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536 Use of Flowcam Technology for Phytoplankton Monitoring in
Central Puget Sound
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Abstract: The entire Puget Sound region faces challenges from a growing human
population and a changing climate that will likely exacerbate already critical threats to the
health of the Sound. Recent efforts to restore and protect Puget Sound highlight a need
for essential information concerning biodiversity and the seasonal dynamics of its marine
inhabitants. The King County Marine and Sediment Assessment Group manages a longterm marine monitoring program designed to assess water quality in the Central Puget
Sound Basin. Since 1995, data are collected monthly for physical, chemical, and biological
(chlorophyll a) parameters at various locations and depths throughout the Puget Sound
Central Basin. The addition in 2008 of a long-term phytoplankton component to this
program was deemed critical in order to predict how changes in climate and other regional
stressors will impact the Sound’s trophic structure. With the recent acquisition of a
FlowCAM system it will be possible to collect a more extensive and robust dataset for
Puget Sound phytoplankton monitoring, as well as respond promptly when analysis of
harmful algal bloom samples is needed. Emerging technologies, such as FlowCAM, allow
for increased automation and standardization in phytoplankton analysis, thus representing
a significant advancement over traditional microscopy methods. FlowCAM is an imaging
particle analysis system that combines elements of flow cytometry, microscopy,
fluorescence detection and sophisticated image analysis for the identification and
classification of aquatic microorganisms. Efficient use of this technology for taxonomical
work, however, requires a significant and sometimes lengthy development effort by the
user, as the software needs to be “trained” to recognize and classify the particles of
interest. We have developed a FlowCAM protocol that is able to identify and count
approximately 25 Puget Sound phytoplankton taxa or groupings. Our protocol also yields
data that are useful descriptors of assemblage composition, such as particle size
distribution, total biovolume and the biovolume of chlorophyll-containing cells. We will
present FlowCAM validation data and sample statistics obtained for three long-term
stations in the Puget Sound central basin. While a light microscope is still necessary for
accurate taxonomic identification, most samples can be adequately characterized using
our FlowCAM protocol.

the ESP’s ability to detect HAB species at low cell densities before they are able to
contaminate or harm shellfish and finfish and threaten public health or economic
interests. This ability makes the ESP a useful tool for early warning of HAB events.
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506 Multiple stressors on the potential toxicity of Heterosigma
akashiwo, a fish-killing flagellate in the Salish Sea.
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Abstract: As a large, island rich, estuary, the Salish Sea is strongly influenced by a diversity
of ocean water intrusions and by direct and indirect human activities. The consequences
of these processes provide multiple stressors on incumbent species, such as the
potentially economically damaging blooms of the fish-killing flagellate Heterosigma
akashiwo. Here we present laboratory findings on the combination of increased ocean
acidification (pH) and modified nutrient supply (N:P) on the toxicity of a Puget Sound
isolate from the Salish Sea. The toxicity and growth responses of batch cultures,
conducted at a range of initial concentrations of nitrate and phosphate (N:P ratios from
1:1 to 48:1) and two pH levels (8.1 & 7.4), were examined throughout the exponential and
stationary phases of growth . A modified fish gill cell bioassay was used to quantify the
ecotoxicological response, generally associated with the fish-killing potential. The toxicity
of the H. akashiwo cultures varied strongly with culture conditions in two general ways.
First, cells grown under lower pH conditions (pH 7.4) were less toxic than the cells grown
at pH 8.1. Second, cells at the lower pH were more toxic during the exponential / early
stationary growth phase compared with the cells grown at normal pH levels where levels
of toxicity were greatest in the stationary phase. Similarly, modification of the initial N:P
conditions of the growth medium had a significant influence on observed toxicity, with the
greatest toxicity occurring at 12:1 and 15:1 during the late exponential growth phase.
These laboratory results demonstrate the importance of understanding how multiple
stressors potentially influence the toxicity of natural fish-killing blooms of H. akashiwo in
the Salish Sea.
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Abstract: Current methods for detection of harmful algal bloom (HAB) species and
bacteria that contaminate shellfish or cause fish kills are time consuming and labor
intensive. Shellfish closures often occur after harvest or are prompted by human illness
reports, all reactive management decisions. The Environmental Sample Processor (ESP)
offers timely, quantitative, in-situ detection capabilities by filtering water samples and
analyzing them onboard to detect specific HAB and bacterial species using DNA and RNAbased technologies. In summer 2013, four ESPs were deployed for ~60 days total at a
tribal shellfish and finfish hatchery in Lummi Bay and a commercial shellfish farm in Samish
Bay. The main objective was to assess ESP-enabled detection of harmful algal bloom
(HAB) species and pathogens in support of proactive fisheries management efforts. The
devices were configured to sample daily and detect Heterosigma akashiwo, Alexandrium
spp., and Pseudo-nitzschia spp. (HAB organisms) at both locations, and Vibrio
parahaemolyticus (bacterial pathogen) along with two microbial source-tracking indicators
in Samish Bay. Validation samples were taken periodically to confirm ESP data. Biomass
samples were archived daily for subsequent nucleic acid extraction and community
composition profiling using molecular bar coding methods. The fish-killing algae, H.
akashiwo, was intermittently detected at the Lummi Bay site at low densities confirming
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Abstract: Paralytic shellfish poisoning (PSP) in Puget Sound is generally caused by the
dinoflagellate genus Alexandrium. Formal records of PSP in the Puget Sound date back
only to the 1960s. The existing 50-year PSP records may not provide a long-enough
timeframe to infer the impacts of climate change on Alexandrium populations. After a
bloom, Alexandrium can form a dormant cyst stage that rests on the seafloor and serves
as the inoculum for subsequent blooms. Historical abundances of Alexandrium cysts in
sediments may act as a proxy record, allowing us to statistically assess whether or not PSP
is increasing in frequency and if so, what the causes may be. In order to interpret the
historical record of Alexandrium cysts, it is important to know if and at what rate cysts in
sediments degrade over time. Here we report on a laboratory study to assess the role that
cyst fullness and age may have on germination success. Sediments were dated using the
isotope Lead-210. Cysts of Alexandrium spp. were isolated from a 100-cm core collected in
Sequim Bay, WA in December 2011, imaged and placed in germination well plates with
growth medium. Germination was monitored for four weeks. The image analysis program
Image J and a custom-designed plug-in called "Dinocyst" were used to quantitatively
measure the surface area of the cysts’ internal contents. An index of cyst fullness and age
is compared with germination success or failure. Our research indicates that the cyst
stage can remain viable in sediments for an est. 50-80 years, show little visual evidence of
physical degradation, and germination rates are relatively constant over this timescale.
These new results are used to help us interpret a historical reconstruction of Alexandrium
cysts from sediment cores. Longer records of Alexandrium will allow us to better infer how
changes in sea surface temperature, air temperature and climate change are affecting
HABs regionally.
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Abstract: The Puget Sound Alexandrium Harmful Algal Bloom (PS-AHAB:
www.tiny.cc/psahab) program, funded by NOAA/ECOHAB, seeks to understand
environmental controls on the benthic (cyst) and planktonic life stages of the toxic
dinoflagellate Alexandrium catenella, and disentangle the effects of climate pathways on
the timing and location of blooms. Spatially detailed mapping of winter surface sediment
cyst distributions in 2011, 2012, and 2013 found the highest cyst concentrations in
Bellingham Bay in the north and Quartermaster Harbor in central Puget Sound. However,
the viability of cysts at these seed bed areas is low – with fewer than 54% of cysts
germinating when incubated at favorable temperatures. The time of year that cysts can
germinate does not appear to be controlled by an endogenous clock, but the rate of
germination is strongly determined by temperature. These results may complicate
potential relationships between cyst abundances and bloom magnitude the following
season. A monthly time series of cyst abundances was also collected at two locations in
Quartermaster Harbor from 2012-2013 as part of a related Sea Grant project investigating
the seasonal variability in cyst abundances. Cyst abundances varied by a factor of ~6 with
the lowest cyst abundances occurring in the spring (Apr) and the highest cyst abundances
occurring in late fall (Oct/Nov). This seasonal pattern is consistent with observed A.
catenella bloom dynamics in Quartermaster Harbor. The improved understanding of the
processes that govern cyst germination and bloom initiation provided by this study
contribute towards the development of a predictive capacity for A. catenella blooms in
Puget Sound. Details on A. catenella growth rates and toxicity and an analysis of potential
bloom transport using a high-resolution hydrodynamic simulation of Puget Sound and
adjacent coastal waters (MoSSea: http://faculty.washington.edu/pmacc/MoSSea/), as
well as simulations of potential future climate impacts on blooms, will be discussed in
separate presentations by B.D. Bill and S.K. Moore respectively, at this conference.
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Abstract: The Puget Sound Alexandrium Harmful Algal Bloom (PS-AHAB:
www.tiny.cc/psahab) program seeks to understand environmental controls on the benthic
(cyst) and planktonic life stages of the toxic dinoflagellate Alexandrium catenella, and
disentangle the effects of climate pathways on the timing and location of blooms. Spatially
detailed mapping of winter cyst distributions in 2011, 2012, and 2013 found the highest
cyst concentrations in Bellingham Bay in the north and Quartermaster Harbor in central
Puget Sound (see presentation by C. L. Greengrove at this conference). The potential for
blooms to initiate from these locations was determined by a series of controlled
germination experiments in the laboratory using cysts isolated from benthic sediments.
Transport of blooms was evaluated using a high-resolution hydrodynamic simulation of
Puget Sound and adjacent coastal waters (MoSSea:
http://faculty.washington.edu/pmacc/MoSSea/). Within this model domain, passive
particles were released from the seed beds and tracked for 20 days. In two weeks,
particles released from Bellingham Bay made it out of the Strait of Juan de Fuca to the
outer Washington coast whereas particles released from Quartermaster Harbor mostly
stayed in the main basin of Puget Sound. No particles entered Hood Canal, suggesting that
physical transport mechanisms may prevent toxic cells from contacting shellfish in this
basin of Puget Sound. Laboratory experiments showed that maximal growth rates (~
0.3-0.5 μ d-1) occur over a broad range of temperatures (~14-24°C) at salinities (20-35
psu) typical for Puget Sound (see presentation by B. D. Bill at this conference). These
ranges were used to define favorable habitat for A. catenella using model output from the
MoSSea simulation. A 40-year global climate projection was regionally downscaled and
coupled to MoSSea to determine temporal and spatial changes to favorable habitat under
the A1B greenhouse gas emissions scenario. A comparison between present-day and
circa-2050 conditions allows us disentangle the effects of three climate pathways on
favorable habitat for A. catenella in Puget Sound: 1) changing ocean inputs (associated
with upwelling winds), 2) changing streamflow magnitude and timing, and 3) increased
direct insolation.
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218 The biological effectiveness of bioretention: Preventing toxicity to
aquatic animals exposed to highway runoff
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Abstract: Stormwater runoff contains a complex mixture of contaminants that can affect
the resiliency of aquatic ecosystems. In the Pacific Northwest, urban stormwater runoff
impacts both the development and adult survival of coho salmon (Oncorhynchus kisutch).
Green stormwater infrastructure (GSI) approaches such as soil bioretention can greatly
improve the quality of runoff from urban surfaces, however very little research has been
conducted to assess whether these improvements are sufficient to prevent toxic harm to
animals in receiving waters. We used a variety of animal models to determine the
baseline toxicity of highway runoff to aquatic animals and to test the biological
effectiveness of one treatment type. Highway runoff was collected during 6 storms
between October 2011 and September 2012. Some events were acutely lethal to aquatic
invertebrates (Ceriodaphnia dubia) and developing fish (Danio rerio). Sublethal effects
included reproductive impairment in C. dubia and cardiovascular toxicity in D. rerio.
Runoff from the final storm event was treated with soil bioretention (with and without
plants). Untreated runoff was acutely lethal to juvenile O. kisutch, C. dubia, and Baetis spp
(wild mayflies) and caused cardiovascular toxicity in D. rerio. Treatment prevented acute
lethal and sublethal effects in all four species.
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Abstract: Urban streams in the greater Seattle area have been the focus of habitat
restoration projects since the 1990s. Post-project effectiveness monitoring surveys
revealed anomalous behaviors among adult coho salmon returning to spawn in these
restored streams. Behaviors included erratic surface swimming, gaping, fin splaying, and
loss of orientation and equilibrium. Affected fish died within hours, and female carcasses
showed high rates (> 90%) of egg retention. This phenomenon was termed coho prespawn mortality (PSM). From 2002-2012, rates of coho PSM ranged from ~30-90% in
monitored urban streams. The severity of PSM was closely associated with both the
timing and amount of fall rains. Affected coho exhibited evidence of exposure to metals
and petroleum hydrocarbons, both of which commonly originate from motor vehicles.
The weight of evidence suggests that an as-yet unidentified toxic contaminant or
contaminant mixture in urban stormwater runoff is killing coho spawners. Geospatial
analyses point to urban land uses, impervious surfaces and specifically road density as
being directly related to the levels of PSM across watersheds. During the autumns of 2012
and 2013 we exposed adult coho recently returned to freshwater to collected urban road
runoff. Across multiple rainfall events, untreated stormwater produced the familiar PSM
symptomology in all fish within 4 hours. These behavioral effects were eliminated when
the runoff was filtered through a mix of sand and compost (60:40). These protective
effects of simple bioremediation were also evident in coho exposed to treated runoff for
longer durations (24 h). Our findings show that exposure to urban stormwater is sufficient
to cause coho PSM. Moreover, although the causal chemical agent(s) have not yet been
identified, conventional green stormwater infrastructure can effectively protect adult
spawners from the acutely toxic effects of runoff.
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Bioretention is a non-proprietary stormwater management tool that has the potential to
reduce hydrologic and water quality impacts caused by urbanization of the Salish Sea
Watershed. This session will focus on the benefits and drawbacks of bioretention as a
stormwater management tool, what research is indicating about the hydrologic and runoff
treatment benefits of bioretention, and an overview/update on research currently
underway in the Salish Sea Watershed.

11:45 AM - 12:00 PM

Presenter: Stephanie Moore, NOAA Northwest Fisheries Science Center
Authors:

Chair:
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Abstract: Stormwater runoff contains a complex mixture of contaminants including a wide
variety of polycyclic aromatic hydrocarbons (PAHs), primarily from tire wear, road wear,
and automobile exhaust. Many PAHs are acutely harmful to aquatic animals, resulting in
cardiovascular toxicity and even death. To better understand the effects of complex
mixtures of dissolved PAHs on aquatic animals, we simulated runoff events on an asphalt
surface treated with a PAH-rich top dressing (coal tar based sealcoat) commonly applied in
populous regions of the USA and Canada. Runoff was collected during simulated runoff
events over three exposure periods separated by one-week intervals of natural
weathering conditions. Runoff was both collected untreated and treated by filtering
through experimental soil bioretention columns containing 60% sand : 40% compost.
Juvenile coho salmon, zebrafish embryos, and the waterflea Ceriodaphnia dubia were
exposed to untreated runoff or bioretention treated runoff and monitored for acute
lethality and sublethal effects. Both the concentration of PAHs and toxicity to aquatic test
animals decreased rapidly as a function of time since sealcoat application. For all
exposure trials, bioretention treatment successfully reduced or eliminated lethal and
sublethal effects of the PAH-rich sealcoat runoff.

measured nutrients, chloride, hardness, total copper, dissolved copper, and total lead.
Bioretention system export during the second year was also characterized by nonsignificant increases in total Kjeldahl nitrogen, hardness, chloride, and dissolved copper. In
addition, one grab sample indicated a large export of methylene chloride in excess of the
state groundwater quality standard. During the first six months of operation, the study
system exported nitrate+nitrite concentrations in excess of the state groundwater quality
standard. The groundwater criterion for fecal coliform bacteria was exceeded at the
effluent station during every sampled storm event, even though the study system had a
high degree of fecal coliform bacteria removal. No other measured parameters with
applicable groundwater criteria were found to exceed criteria in the effluent of the study
system. Water extractions of soil mix ingredients (compost, sand, potting soil installed
with the plants, and bark mulch) indicated that the compost was the greatest source of
nutrients, zinc, and copper, while the sand also contributed levels of concern for zinc and
copper. Future bioretention projects should attempt to use sand with lower metals
concentrations and composts with lower nutrient and metals content.
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Abstract: Washington State University (WSU) is testing various bioretention media blends
at a low impact development (LID) research facility in western Washington. The
conference presentation will provide a brief discussion of the facility design and then focus
on the initial testing of the full-scale, replicated bioretention systems (with vegetation) to
determine nutrient, metal and hydrocarbon and bacteria treatment capability. The
bioretention component of the LID research facility includes twenty, full-scale replicated
bioretention cells to test the: pollutant management capabilities of various soil mixes;
long-term pollutant concentration trends in soils; plant growth and evapotranspiration
performance; detailed hydraulic characteristics; and long-term infiltration rates influenced
by various plant types and sediment loading regimes. Each cell is comprised of a 152 cm
diameter tank filled with various soil media (61 cm deep) and planted with the same plant
species. Each tank has an under-drain, flow monitoring instruments and water quality
sampling equipment. Sixteen of the 20 cells are currently being tested (four soil media
treatments replicated four times). The four media blends include: 1. 60% mineral
aggregate and 40% compost by volume. 2. 80% mineral aggregate and 20% compost by
volume. 3. 60% mineral aggregate, 30% compost, and 10% water treatment residuals by
volume. 4. 60% mineral aggregate, 15% compost, 15% shredded cedar bark, and 10%
water treatment residuals by volume. The soil media are experimental blends designed to
optimize stormwater pollutant capture with particular attention to phosphate and nitrate
management. Natural (lower pollutant concentrations) and synthetic stormwater (higher
pollutant concentrations) are distributed to the cells. The water quality treatment part of
the presentation will focus on the base-line testing of the bioretention media, treatment
capability under leaching conditions (low pollutant concentrations) and treatment
capability at higher pollutant concentrations.
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Abstract: While bioretention can provide very good water quality treatment for many
contaminants (e.g. sediment, zinc, hydrocarbons, and likely bacteria), regional and
national research indicates nitrogen (N), phosphorus (P), and copper (Cu) may be exported
from these systems (Geosyntec 2013; Herrera 2012; Jonasson et al. 2010; Trowsdale and
Simcock 2011). Herrera Environmental Consultants will be leading a new effort that will
support continued coordination among State and local jurisdictions that are developing
and implementing bioretention systems. The purpose of this project is to better
understand and improve bioretention soil media performance for capture and retention of
N, P, and Cu while retaining the current high level of water quality treatment performance
for other stormwater pollutants of concern demonstrated in regional bioretention media
research. Specific bioretention soil media (BSM) analyses will begin with leaching tests
performed on individual media components to determine P, N, and Cu export potential.
This data and findings from others studies will be considered in the selection of media for
testing. The best performing individual components will be used to develop media blends
that will be placed in laboratory columns. The media columns will first be flushed with
clean water and effluent assessed for stormwater pollutants of concern. Semi-synthetic
stormwater (actual stormwater spiked with added chemicals to more closely mimic
expected inflow conditions) with targeted concentrations of contaminants will then be
applied at specified rates and loads to determine the pollutant capture capability of the
blends. Simultaneously, plant health will be examined to verify that the media blends can
support healthy vegetation. These findings have broad regional application across all
Phase I and II jurisdictions for application of new NPDES Permit requirements and for
protecting freshwater resources in Washington and the Salish Sea.
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Abstract: From February 2012 through September 2013, we conducted hydrologic and
water quality monitoring of a bioretention stormwater filtration system at 185th Ave NE in
Redmond, Washington. This monitoring was conducted to obtain data that will be used to
evaluate if bioretention swales could be used to treat runoff prior to infiltration within a
drinking water aquifer recharge area. The study bioretention swale was constructed using
the Washington Department of Ecology specified soil mix that consisted of 40 percent
compost and 60 percent sand. Eighteen inches of soil mix was installed on top of a six-inch
sand blanket underlain by gravel that housed a perforated underdrain pipe. The entire
system was lined with an impermeable plastic liner which isolated the underdrain flow
from interflow and groundwater entering the swale. Flow weighted composite samples of
runoff were collected at an inlet to the swale and from the underdrain. During the first
year of study significant export from the bioretention system was observed for all
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Abstract: The City of Redmond is in search of a bioretention soil media design standard
that can demonstrate good stormwater runoff treatment for wide scale use prior to
discharge to surface water or to groundwater. The treatment performance goals: - For
discharge to surface waters, remove dissolved copper, dissolved zinc, and total suspended
solids. - For discharge to groundwater that is used as a drinking water resource, remove
nitrogen. - For discharge to phosphorous sensitive lakes, remove phosphorous. - Remove
oils and grease. Bioretention soil must also: - be easy to specify, - be readily available, - be
nonproprietary and economical, and - support plant growth. A previous study in Redmond
showed poor treatment performance for the Ecology standard mix design of 60% sand and
40% compost. Redmond received a grant from Ecology to perform monitoring of six new
full scale bioretention swales using the "Technology Assessment Protocol – Ecology
(TAPE)", that is used in Washington State for evaluation of emerging technologies for
stormwater treatment. The objective of this project is to use TAPE to prove that
bioretention can be an effective nonproprietary method of removing pollutants from
stormwater runoff. Redmond constructed six swales, each sized to Ecology standards.
Each swale was constructed in such a way that stormwater influent and effluent can be
monitored. The mix designs to be studied are: - 60/40 Mix. Repeat the 2012 study to see
if Redmond got a “bad batch” of compost in that study. - Loamy Sand. Loamy sand is hard
to specify, but is commonly used on other parts of the country in bioretention. - Loamy
Sand 2. Obtain loamy sand from a second source to identify some variability in
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performance - Redmond BSM. 60% sand, 15% compost, 15% biochar, 10% shredded bark Redmond BSM 2. Replicate the Redmond BSM swale. - Redmond BSM 3 (saturated)
Replicate the Redmond BSM swale, but incorporate a saturated underdrain zone

Session: S-09C

Occurrence and impacts of emerging contaminants II

Room:

606

Chair:

Andrew James

Date: 5/2/2014

10:30 AM - 12:00 PM

In this session we will explore the current regional research related to the occurrence and
ecotoxicity of CECs in the Salish Sea. We also aim to explore the regional approaches to
the regulation and management of this vast group of compounds.

#

192 What Goes Down the Drain Eventually Reaches the River:
Characterizing Contaminants of Emerging Concern (CECs) in the
Columbia River Basin

Room:

606

Date:

5/2/2014

10:30 AM - 10:45 AM

Presenter: Jennifer Morace, US Geological Survey
Authors:

Jennifer Morace, USGS; Elena Nilsen, USGS

Abstract: Toxic contamination is a significant concern in the Columbia River Basin in
Washington and Oregon. To help water managers and policy makers in decision making
about future sampling efforts and toxic-reduction activities, the USGS did a
reconnaissance to assess contaminant concentrations contributed directly to the
Columbia River through wastewater-treatment-plant (WWTP) effluent and stormwater
runoff from adjacent urban environments, as well as to evaluate instantaneous loadings to
the Columbia River Basin from these inputs. Nine cities were selected in Oregon and
Washington to provide diversity in physical setting, climate characteristics, and population
density. Samples were collected from a WWTP in each city and analyzed for personal care
products, pharmaceuticals, PCBs, PBDEs, and legacy and currently used pesticides. Of the
210 compounds analyzed in the WWTP-effluent samples, 112 (53 percent) were detected,
and the detection rate for most compound classes was greater than 80 percent. Despite
the differences in location, population, treatment type, and plant size, detection
frequencies were similar for many of the compounds detected among the WWTPs. By
contrast, the occurrence of PAHs was sporadic, and PCBs were detected at only three
WWTPs With a better understanding of the presence of these contaminants in the
environment, future work can focus on developing research to characterize the effects of
these contaminants on aquatic life and prioritize toxics reduction efforts for the Columbia
River Basin. One example is an interdisciplinary project designed to assess contaminants
and characterize habitats in the lower Columbia River Basin. Using a foodweb approach,
CECs were measured in Osprey (a fish-eating raptor), the fish they eat (Laregescale
Suckers), benthic invertebrates, streambed sediment, and the water column. Multiple fish
biomarkers and osprey productivity provide an assessment of the potential biological
effects of these contaminants. The ultimate goal is to provide information about
contaminant distributions and contribute to understanding how CECs are affecting the
ecosystem and the foodweb in the lower Columbia River Basin.

detectable levels of at least one CEC, suggesting widespread anthropogenic influence.
Detection frequency for the CECs at all sites ranged from 0% (benzylparaben) to ~90%
(sucralose). Concentrations of ibuprofen, acetaminophen, and nicotine occurred at levels
near or above published Predicted No Effects Concentrations (PNEC) suggesting potential
environmental concern at receiving waters. The temporal variation of CECs in seep water
was also investigated. With regard to utilizing CECs as tracers of septic system impact,
extensive variation in concentration suggests that a single marker will likely not be
suitable. Statistical analysis suggests that ratios and combinations of CECs might act as
suitable tracers.

#

172 Quantification of Pharmaceuticals, Personal Care Products, and
Perfluoroalkyl Substances in Elliott Bay sediments (Seattle,
Washington)

Room:
Authors:

236 Contaminants of Emerging Concern from Nearshore On-Site
Wastewater Systems: Characterization, Potential Impacts, and
their Utility as Tracers of Bacterial Contamination

Room:

606

Date:

5/2/2014

10:45 AM - 11:00 AM

Presenter: Andrew James, Puget Sound Institute
Authors:

Andrew James, Puget Sound Institute, UWT; Justin Miller-Schulze, Universtiy
of Washington Tacoma; Joel Baker, University of Washington Puget Sound
Institute; Alex Gipe, ; Derek Overman, ; Shawn Ultican,

Abstract: On-site wastewater treatment systems are utilized in a significant proportion of
non-urban residential developments, particularly along shorelines. It is well known that
poorly functioning systems may lead to bacterial and nutrient contamination to nearby
receiving waters. The associated levels of contaminants of emerging concern (CECs), and
their potential to impact aquatic biota, is less well understood. In order to characterize
the inputs of CECs from nearshore on-site wastewater treatment systems, we have
undertaken a monitoring program focusing on groundwater seeps and discharges entering
Puget Sound. The objectives of the sampling program are to 1) characterize and quantify
the range of septic-associated CEC at the receiving waters, and 2) evaluate the utility of
CECs as tracers of wastewater-associated bacteria and nutrient contamination. Sampling
was performed at a set of locations with known septic impacts, in addition to areas
affected by bacterial contamination from unidentified sources, as well as control sites.
Samples were analyzed for a suite of approximately 20 CECs by LC-MS-MS, in addition to
fecal coliform bacteria, nitrogen and phosphorus. Nearly every sample contained

Generated: 4/29/2014 11:54 AM

Date:

5/2/2014

11:00 AM - 11:15 AM

Margaret Dutch, WA State Dept of Ecology; Sandra Weakland, Washington
State Department of Ecology; Valerie Partridge, Washington Dept. of Ecology

Abstract: Pharmaceuticals and Personal Care Products (PPCPs) and Perfluoroalkyl
Substances (PFASs) are identified as Chemicals of Emerging Concern (CECs) in Puget Sound
due to their potential to cause adverse toxicological, biological, and ecological effects
when introduced into the environment. Characterization of sources, transport patterns,
and the fate of CECs in the environment has been prioritized as part of the Puget Sound
Ecosystem Monitoring Program toxics monitoring strategy. These chemicals have been
detected in ground water, rivers, and streams in the Pacific Northwest and in influent,
effluent, and biosolids from Puget Sound municipal wastewater treatment plants over the
past decade. They were also detected in sediments from ten long-term monitoring
stations located throughout Puget Sound and thirty stations in Bellingham Bay in 2010.
We report here on CECs detected in sediments from Elliot Bay, collected in 2013 at thirty
stations selected using a random stratified design. Sediments were tested for the
presence of 119 PPCPs and 13 PFASs. Analyses were conducted by AXYS Analytical
Services Ltd., Sidney, BC, Canada, using AXYS Method MLA-075. This method uses liquid
chromatography with tandem mass spectrometry (LC/MS/MS). Acid and base fractions
were extracted, followed by five instrumental analyses in positive and negative
electrospray ionization (ESI) modes. Results of these analyses are summarized and
presented graphically to indicate the concentration and distribution of PPCPs and PFASs in
Elliott Bay sediments, with comparisons made to concentrations measured in Bellingham
Bay sediments.

#

312 Perfluorinated Carboxylates and Sulfonates in Seabird eggs from
the Pacific Coast of Canada: spatial and temporal trends

Room:

606

Date:

5/2/2014

11:15 AM - 11:30 AM

Presenter: John Elliott, Environment Canada
Authors:

#

606

Presenter: Margaret Dutch, WA Dept of Ecology

John Elliott, Enviroment Canada; Kyle Elliott, University of Manitoba; Sandi
Lee, Enviironment Canada; Francois Cyr, Environment Canada

Abstract: There is a continuing need to monitor contamination of the marine environment
by xenobiotic compounds, particularly those which are persistent and accumulate in food
chains. Eggs of marine birds have proven to be an efficient and effective means of
measuring and tracking substances, such as persistent organic pollutants (POPs) and
mercury which are transferred from the female bird to the egg via yolk lipids or proteins.
Here we report and discuss data from long term monitoring of POPs and mercury in
seabird eggs from the northeast Pacific. For this program, the marine system was divided,
and representative species selected. The nearshore subsurface is monitored using two
cormorant, Phalacrocorax, species, auritus and pelagicus, both feed on a variety of benthic
and pelagic fish. The offshore subsurface is monitored using the rhinoceros auklet,
Cerorhinca monocerata, a feeder mainly on small pelagic fishes, with the offshore surface
species, the Leach’s storm-petrel, Oceanodroma leucorhoa, which feeds mainly on surface
plankton and larval fishes. At three breeding colonies each along the Pacific coast of
Canada and at four year intervals 15 eggs are collected and analyzed as five pools of 3
eggs each. Among the chemicals measured in this long term study are the perfluorinated
carboxylates and sulfonates. Data from a recent retrospective study, using archived
samples collected from 1990 to 2011, shows, as reported for more polluted environments,
that PFOS (perfluorooctane sulfonate) increased in continental shelf ranging auklet eggs
until the late 1990s and have declined since then. In contrast, another compound, PFUdA
(perfluoroundecanoate) increased steadily in eggs of both near and offshore species.
Stable isotopes will be used to examine the possible role of dietary variation, possibly
related to marine regime shifts, in variation in contaminant levels in these monitored
seabirds.
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288 What's Upstream? Toxic Chemicals Reported in Consumer
Products in Washington

Room:

606

Date:

5/2/2014

11:30 AM - 11:45 AM

Nancy Uding, Washington Toxics Coalition

Abstract: Unregulated and undisclosed toxic chemicals are in everyday consumer products
due to the weak and ineffective federal Toxic Substances Control Act. But in Washington
State, under the Children's Safe Products Act, manufacturers of children's products must
now report to the State if they sell products in WA that contain chemicals on a reporting
list of 66 chemicals of high concern to children. Reporting requirements started phasing in
in 2012 and manufacturers are now reporting thousands of children's products containing
dozens of toxic chemicals. This is previously undisclosed product information. Chemicals
reported include phthalates, heavy metals, solvents, flame retardants, and hormonedisruptors such as bisphenol A and nonylphenol. The upstream production and use of
consumer products containing toxic chemicals has implications for the health of the Salish
Sea. Toxic chemical information revealed through WA’s chemical disclosure law can assist
in identifying chemicals of emerging concern for the Salish Sea.

#

615 Evaluating a Prioritization Framework for Monitoring Chemicals of
Emerging Concern in the Salish Sea Based on Lessons Learned
from Western States Programs

Room:

606

Date:

5/2/2014

11:45 AM - 12:00 PM

Presenter: Jill Brandenberger, Pacific Northwest National Laboratory
Authors:

Jill Brandenberger, Pacific Northwest National Laboratory ; Maggie Dutch, WA
State Dept. of Ecology; Joan Hardy, Department of Health; Andy James, Puget
Sound Institute; Deb Lester, King County; April Markiewicz, Western
Washington Univesity; Dale Norton, Washington Department of Ecology;
sandie O'Neill, ; Brian Penttila, PPRC; Heather Trim, ; Irvin Schultz, Pacific
Northwest National Laboratory; James West, WA Dept of Fish & Wildlife;
Kathleen Conn, USGS; Alec Maule, USGS; Lyndal Johnson, ; Jennifer Morace,
USGS

Abstract: We are now approaching a tipping point where priority pollutants may no longer
be the primary driver of environmental impairment. Contaminants of Emerging Concern
(CECs) present a challenge to environmental monitoring and management programs
because the rapidly emerging state of the knowledge requires an adaptive and transparent
prioritization framework. The state of the science, treatment technologies, and regulatory
policies are not well understood, CEC quantification is challenging and expensive, and the
management approach is not simply a concentration based criteria, but may include
biological end-points. The need for a shared responsibility and leveraging across many
programs was evaluated through a series of webinars with other programs studying CECs
including Columbia River Toxics Program, Washington Department of Ecology, Oregon
Department of Environmental Quality, Southern California Coastal Waters Research
Project, and San Francisco Bay Regional Monitoring Program. The lessons learned were
articulated into a 10-step prioritization framework. The critical lesson learned included: 1)
Develop clear objectives, definitions of CECs, and target audience; 2) Identify conceptual
models to provide a clear target for the appropriate media to monitor for various
chemicals and at what frequency; 3) Define the chemical characteristics in terms of usage,
persistence, bioaccumulation, and toxicity; 4) Develop a target CEC analyte list; 5) Screen
and rank the CEC analyte list based on chemical characteristics, environmental
concentrations, and state of the science; 6) Create a transparent prioritization process to
include input from key stakeholders and end users that builds consensus during
development; 7) Prioritize the chemical categories by using specific metrics such as
available data, status of analytical methods, available thresholds, costs, programmatic
concerns and opportunities for leveraging with other programs; 8) Identify potential
biological end-points and other indicators; 9) Create a formal review process to support
data and knowledge sharing, adaptively manage prioritization to include new science and
critical research gaps; and 10) Develop a working group to facilitate leveraging of funds
across many programs.

Session: S-09D Salmon Recovery: Implementation and Progress II
Room:

611/612

Chair:

Joe Smith

#

Date: 5/2/2014

10:30 AM - 12:00 PM

561 How Are the Fish Doing? Development and implementation of
sixteen watershed monitoring and adaptive management
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611/612

Date:

5/2/2014

10:30 AM - 10:45 AM

Presenter: Stacy Vynne, Puget Sound Partnership
Authors:

Presenter: Nancy Uding, Washington Toxics Coalition
Authors:

programs for recovery of Puget Sound Chinook
Room:

Stacy Vynne, Puget Sound Partnership; Jeanette Dorner, Puget Sound
Partnership; Leska Fore, Puget Sound Partnership; Kari Stiles, Puget Sound
Partnership; Jacques White, Long Live the Kings; Abby Hook, Hook-Knauer,
LLP; Laura Blackmore, Cascadia Consulting

Abstract: The Puget Sound Partnership is working with a team of consultants led by Long
Live the Kings to develop a performance management system for recovery of Chinook
salmon across Puget Sound. With final products due in May 2014, this presentation will
discuss the mechanics for implementing the project in sixteen unique watersheds,
successes and challenges, and lessons learned for future application and planning. In
1999, Puget Sound Chinook salmon were listed as threatened under the federal
Endangered Species Act. NOAA-NMFS (the federal agency accountable for the listing)
supported authorship of unique watershed chapters by locally-led, collaborative
watershed groups comprised of local jurisdictions, tribes, non-profits, state and federal
entities and other stakeholders. NOAA completed review in 2007 and adopted the
chapters with a supplement acknowledging a missing piece essential to the plan: a
regional monitoring and adaptive management framework that would track the adequacy
of proposed actions and allow watersheds and the region to review, revise and strengthen
their chapters over time. PSP and the LLTK team of consultants are working with 16 local
watershed teams of scientists, managers and policy makers to apply the Open Standards
for the Practice of Conservation approach for translating existing Chinook recovery
chapters into a common regional language. Over a year long period, watersheds are
identifying components, attributes and indicators for the ecosystem that can be used to
characterize the health of Chinook and their habitat, conducting a viability analysis to
identify current and future desired status, identifying pressures, and documenting
“theories of change” and hypotheses for recovery. Authors will discuss the mechanics of
this project and how the outcomes are intended to form the basis of a monitoring and
adaptive management system for Chinook salmon recovery in Puget Sound.

#

344 Juvenile Life History Strategies of Selected Chinook Salmon
Spawning Populations within Puget Sound and the Columbia
River, as Inferred From Otolith Microchemistry

Room:

611/612

Date:

5/2/2014

10:45 AM - 11:00 AM

Presenter: Lance Campbell, WA Dept of Fish and Wildlife
Authors:

Lance Campbell, WDFW

Abstract: Growing evidence suggests juvenile Chinook salmon (Oncorhynchus
tshawytscha), can utilize portions of both freshwater and salt water components of
estuaries before full seaward migration. However a clear link between juvenile
outmigration strategies (early fry, late parr) and successful returning adults has not been
made. To test the hypothesis that early migrants (and potentially estuary rearing juveniles)
contribute to adult populations, we recovered adult otolith samples on the spawning
grounds of selected Salish Sea and Columbia River tributaries. Laser ablation inductively
coupled plasma mass spectrometry (LA-ICPMS) was used to analyze chemical patterns in
otoliths. Otolith microchemistry was used to estimate the size and timing of juvenile
outmigration for selected adult populations. Furthermore residency within the freshwater
portion of the Columbia River estuary was estimated based on recoveries of strontium
chloride marked adult otoliths from the Coweeman River.

#

519 Ultrasonic Telemetry Reveals Seasonal Variation in Depth
Distribution and Diel Vertical Migrations of Sub-Adult Chinook
and Coho Salmon in Puget Sound

Room:

611/612

Date:

5/2/2014

11:00 AM - 11:15 AM

Presenter: Joseph Smith, University of Washington
Authors:

Joseph Smith, University of Washington; kurt Fresh, NOAA/NMFS/NWFSC;
Anna Kagley, NOAA/NMFS/NWFSC; Thomas Quinn, University of Washington

Abstract: Seasonal and diel vertical movement (DVM) patterns in aquatic systems have
been well documented for many aquatic organisms but little is known about salmon
distributions in marine waters. In this study, we examined the vertical distributions of subadult coho and Chinook salmon in Puget Sound using acoustic telemetry to: 1) compare
the depths occupied by the two species, 2) determine whether either species displayed
DVM, and if these patterns differed between the two species, and 3) ascertain if changes
in depth distributions changed seasonally. To evaluate these objectives, we tagged coho
and Chinook salmon in Puget Sound from 2005-2012 with ultrasonic transmitters that
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positioned the fish in three dimensions in the water column. Detections were compiled
from a set of receivers located throughout Puget Sound. We modeled data on individual
fish depths as a function of species, time of day, and time of year, considering both the
proximity of the fish to the surface and to the bottom. Results indicated that the salmon
species differed in average depth and also in the seasonal and diel patterns. The mean
depth of Chinook (40.6 m) was deeper than coho (28.3 m). Coho exhibited diel movements
during the spring with fish deeper at night (often to 100 m) and closer to the surface
(6.6 -21.8 m) during the day (a pattern opposite of DVM reported for other organisms),
but this pattern disappeared during other times of the year. Chinook salmon showed less
pronounced diel movement, and were shallowest in June (23.6 m), moving deeper each
month until a maximum in October (64.7 m). Depth distributions of salmon were complex
and changed dramatically between seasons and may be a result of several physical and
biological factors. Combined with data on environmental conditions in the water column
throughout the year, these results provide new insights into how and why salmon are
vertically distributed within Puget Sound.

understanding of the effects of wetland loss and conspecific density on juvenile Chinook
salmon consumption rate and diet composition in estuaries, we assembled Chinook
salmon density and diet data from two Salish Sea estuaries with dramatically different
levels of wetland loss and modification. We compared juvenile Chinook salmon diet
composition, diet energy density, and instantaneous ration (a proxy for consumption rate)
between the two estuaries. We also evaluated the effect of conspecific density on
instantaneous ration. We found significant differences in diet composition between
juvenile Chinook salmon in the two estuaries, but little difference in instantaneous ration
or diet energy density. However, in the highly modified estuary, conspecific density had a
significant, negative effect on instantaneous ration, while in the more natural estuary
there was little effect on instantaneous ration. These findings suggest that wetland loss
may interact with salmon density to constrain the consumption rates of juvenile salmon in
estuaries, with resulting consequences for growth and survival.

#
#

129 Size-selective mortality and bioenergetic limitations of juvenile
steelhead under different freshwater environmental constraints
in the Skagit River, Washington

Room:

611/612

Date:

5/2/2014

11:15 AM - 11:30 AM

Jamie Thompson, R2 Resource Consultants, Inc.; Dave Beauchamp,
Washington Cooperative Fish and Wildlife Research Unit

Abstract: We used bioenergetics modeling to investigate how environmental factors
affected early growth and survival in steelhead, Oncorhynchus mykiss, under different
environmental constraints in tributaries to the Skagit River, Washington. Differences in
early growth between the average juvenile and juveniles that survived to later stages were
due to differences in feeding rates and environmental factors associated with each
tributary. In Bacon Creek, feeding rates between the average juvenile and juveniles that
survived to later stages were not substantially different, but low summertime prey energy
density and water temperatures decreased the scope for growth in the average juvenile
and juveniles that survived to later stages. In Illabot Creek, low mean annual feeding rate
in the average age 1–2 juvenile decreased the summer scope for growth, and low water
temperatures during fall and winter combined with low winter prey energy density caused
prolonged weight loss. The average age 2–3 juvenile fed at the same rate as age 2–3
juveniles that survived to later stages in Illabot Creek, but because of lower feeding and
growth during age 1–2, the average juvenile was unable to reach the size attained at age-2
and -3 by juveniles that survived to later stages. In Finney Creek, the water temperature
regime was relatively extreme, but elevated annual feeding rates and summertime prey
energy densities greatly increased the scope for growth in the average juvenile that
survived to the adult stage, indicating that feeding rate and summertime food quality may
be critical to survival in these steelhead. Early growth of steelhead in the Skagit River
influences survival to smolt and adult stages, and recovery of this threatened species
could be enhanced by gaining a better understanding of general factors that limit growth
in the mosaic of riverine habitats that support wild steelhead.

#

599 Variation in juvenile Chinook salmon diet composition and
foraging success between two estuaries with contrasting land-use
histories

Room:

611/612

Date:

5/2/2014

11:30 AM - 11:45 AM

Presenter: Aaron David, University of Washington
Authors:

Aaron David, University of Washington; Charles Simenstad, University of
Washington School of Aquatic and Fishery Science; Jeffrey Cordell, University
of Washington; Jason Toft, University of Washington; Christopher Ellings,
Nisqually Indian Tribe; Ayesha Gray, Earth Design Consultants; Hans Berge,
King County

Abstract: The transition of juveniles from fresh water to estuarine and marine
environments is a critical period in the life cycle of Pacific salmon, during which survival
can be strongly size-selective. Because the amount and quality of food consumed are
major determinants of juvenile salmon growth, successful acquisition of energy rich prey
during estuarine residence is critical for survival. Humans have likely impacted the feeding
relationships of juvenile salmon in estuaries by destroying estuarine wetlands and by
altering the abundance of salmon in estuaries. While the estuarine foraging habits of
juvenile salmon have been extensively examined, few studies have conducted quantitative
comparisons between estuaries that have experienced different levels of human
modification. However, comparisons between whole estuaries with different degrees of
wetland loss and degradation may be a useful scale of analysis for the diet composition
and consumption rates of mobile consumers such as juvenile salmon. To improve our
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5/2/2014

11:45 AM - 12:00 PM

Presenter: Paul Dorn, Suquamish Tribal Fisheries
Authors:

Presenter: Jamie Thompson, R2 Resource Consultants
Authors:

638 The Role of Citizen Science in Restoring Salmon and Salmon
Habitat to the Suquamish Tribe's Port Madison Indian
Reservation's Cowling Creek Watershed

Paul Dorn, Suquamish Tribal Fisheries; Dick D'Archangel, Friends of Miller Bay;
Jill Wetzel, Suquamish Tribe, Salmon Recovery Intern

Abstract: Cowling Creek is the largest watershed on the Port Madison Indian Reservation.
The Reservation is located on the west side of Puget Sound across from Seattle, and is
where Chief Sealth (Seattle) is buried. The Wild Fish Conservancy identified 5.46 miles of
the 12.22 Cowling Creek stream miles as fish bearing in 2009. Intertidal culverts installed
75 years ago were 100% barriers and eliminated all historic coho, steelhead, sea run
cutthroat, chum salmon and other fish populations. The culverts blocked safe wildlife
access to the estuary. Additional older and newer culverts throughout the watershed
further fragmented habitat accessibility for fish and wildlife. The Suquamish Tribe
welcomed assistance from the Friends of Miller Bay, North Kitsap/Bainbridge Island Trout
Unlimited, the Mid Sound Fisheries Enhancement Group, the Great Peninsula
Conservancy, schools, landowners, and local government programs to protect remaining
high quality habitat, undertake restoration projects, begin to remove barrier culverts,
implement small scale, local research and monitoring efforts, and begin a salmon
reintroduction/public education and outreach program in 2008. A temporary 22-step fish
ladder was installed through one intertidal culvert in 2013, allowing 1,251 returning adult
chum salmon access to the lower stream to spawn naturally. Local citizen scientists of all
ages witnessed not only the return of the salmon but the food web renewed with the
attention of black bear, eagle, river otter, coyote, and other wildlife quickly focused upon
the stream.

Session: S-09E

Marine, freshwater and terrestrial species: threats and
conservation
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Chair:

Benjamin Miner
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319 Monitoring the movements of a critical marine resource: tracking
a forage fish in Puget Sound

Room:

613/614

Date:

5/2/2014

10:30 AM - 10:45 AM

Presenter: Theresa Liedtke, US Geological Survey
Authors:

Theresa Liedtke, USGS; Ryan Tomka, USGS; Collin Smith, USGS; Lisa Gee,
USGS; Dennis Rondorf, USGS

Abstract: Forage fish are small, schooling, pelagic fish that form a critical link in marine
food webs between plankton and larger fish, marine mammals, and seabirds. In Puget
Sound, the forage fish assemblage includes Pacific herring, Pacific sand lance, surf smelt,
and northern anchovy. There are significant information gaps on basic life history,
distribution, movements, and stock abundances for these species, making management of
this resource challenging. To begin addressing some of these gaps, we initiated a study of
the movements of surf smelt during their spawning period in November 2012. We
captured fish near a well-documented spawning beach in Sinclair Inlet (Ross Point),
implanted them with acoustic transmitters, and monitored their movements around
central Puget Sound. Inasmuch as telemetry studies have not previously been conducted
for surf smelt, the goals of this initial effort were to: 1) assess methods to handle,
anesthetize, and surgically implant acoustic transmitters into surf smelt, 2) describe the
movements of tagged fish in Sinclair Inlet and Central Puget Sound, and 3) document the
risk of recapture by recreational or commercial fishing effort in Sinclair Inlet. We
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collected, tagged, and released 12 adult smelt (mean 167 mm FL, 43 g) at Ross Point and
implanted them with acoustic transmitters that had an expected battery life of 73 days.
Study fish were given a secondary mark for easy visual identification, and we established a
reward for the return of tagged fish captured through recreational or commercial fishing
effort. We deployed 13 acoustic telemetry monitoring stations including near the
spawning beach at Ross Point, Port Washington Narrows, Port Orchard, Rich Passage,
Agate Passage, Liberty Bay and Eagle Harbor. In addition to these sites the tagged fish
could have been detected by compatible acoustic telemetry stations deployed in Puget
Sound by other agencies, for example, at Admiralty Inlet, the Strait of Juan de Fuca, and in
the San Juan Islands. All study fish were detected within a few days of their release,
suggesting that the fish handling, anesthesia, and tagging procedures that were developed
for this species did not result in significant short-term mortality. Study fish were only
detected at Ross Point (all individuals) and at the Port Washington Narrows (one
individual). Although the reward program was well advertised and recreational fishing
pressure at Ross Point was consistent throughout the study period, none of the tagged fish
were returned through recreational or commercial fishers. More intensive monitoring of
surf smelt movements in Sinclair Inlet is planned for 2014 to build upon this initial work.

#

461 Wasting syndrome in sea stars along the west coast of North
America.

Room:

613/614

Date:

5/2/2014

10:45 AM - 11:00 AM

Presenter: Shawn Larson, Seattle Aquarium
Authors:

Abstract: The bluntnose sixgill shark, Hexanchus griseus, is a widely distributed but poorly
understood large, apex predator. Anecdotal reports of diver-shark encounters in the late
1990’s and early 2000’s in the Pacific Northwest stimulated interest in the normally deepdwelling shark and the reason for its presence in the shallow waters of the Salish Sea.
Analysis of underwater video documenting sharks at the Seattle Aquarium’s sixgill
research site on Seattle’s waterfront and mark-recapture techniques were used to identify
individual sharks to answer simple questions about abundance and seasonality. Temporal
changes in relative abundance in Puget Sound were reported from a controlled study site
from 2003-2012. At the Seattle Aquarium study site, 45 sixgills were observed and tagged
with modified Floy visual marker tags, along with an estimated 116 observations of
untagged sharks. Mark/Recapture statistical model estimates based on video
observations ranged from a high of 98 sharks observed in July of 2004 to a low of 0 sharks
observed in several research events from 2008-2012. Both analyses found sixgills
significantly more abundant in the summer months at the Aquarium’s research station
from 2003-2005 than at any other time during the study.

#

Presenter: Benjamin Miner, Western Washington University
Authors:

Benjamin Miner, Western Washington University; Melissa Miner, UC, Santa
Cruz; Ian Hewson, Cornell University; Drew Harvell, Cornell University; Pete
Raimondi,

Abstract: A severe outbreak of sea-star wasting-syndrome has affected populations of
intertidal and subtidal communities along the west coast of North America during the last
year. A large group of scientists and concerned citizens has worked together to identify
the cause, document the geographic spread, and determine the population and
community effects of the die offs. When we submitted our abstract, we had identified
four general locations where sea star populations were dramatically reduced from wasting
syndrome: Vancouver, BC, Seattle area, Monterey Bay, and Santa Barbara. Other areas
along the west coast, from Alaska to San Diego, CA have been impacted to a lesser extent.
During our talk, we will review the latest information related to wasting syndrome and its
geographic extent, and provide the results of laboratory experiments and meta-genomics
work to identify the cause of the die-offs.

#

526 Captive and free-ranging sea star disease findings from the
Seattle, Washington, waterfront during the 2013 sea star ‘wasting
disease’ unusual mortality event

Room:

613/614

Date:

5/2/2014

Lesanna Lahner, Seattle Aquarium; Martin Haulena, Vancouver Aquarium;
Michael Garner, NorthWest ZooPath; Drew Harvell, Cornell University; Ian
Hewson, Cornell University; Tim Carpenter, Seattle Aquarium; Jeff
Christiansen, Seattle Aquarium

41 Observations on abundance of bluntnose sixgill sharks,
Hexanchus griseus, in an urban waterway in the Salish Sea, 20032012

Room:

613/614

Date:
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Room:

5/2/2014

613/614

Date:

5/2/2014

11:30 AM - 11:45 AM

Presenter: Emily Grason, University of Washington
Authors:

Emily Grason, University of Washington; Eric Buhle, NOAA Northwest Fisheries
Science Center

Abstract: The success of native oyster (Ostrea lurida) restoration efforts depends on the
establishment of self-sustaining populations. However, as juveniles and spat, oysters are
vulnerable to both native and invasive predators, and reduced survival at this stage could
prevent oyster reestablishment. We investigated the separate and combined effects of
native crabs and invasive oyster drills on the survival of juvenile Olympia oysters over four
months at a restoration site in south Salish Sea (Liberty Bay, Puget Sound). As potential
predators of both oysters and oyster drills, native crabs could generate complex tri-trophic
dynamics, resulting in either net positive or negative effects on oyster populations. At our
site, oyster drills were the strongest driver of oyster mortality, consuming up to 50% of
juvenile oysters monthly. Predation rates by drills varied seasonally, peaking in July. Crabs
had only a small positive indirect effect on oysters, transmitted by preying on drills rather
than by reducing drill feeding rates. This experiment reinforces previous findings that
invasive oyster drills can be a significant obstacle to restoration efforts, even in habitats
where high densities of native crabs could mitigate the effects of drills on oysters.

#

Abstract: Sea star mortality in several genera including Pycnopodia and Pisaster was
unusually high along the west coast of the United States, September-current (December)
2013. Captive and free-ranging animals were analyzed for signs of disease using a variety
of diagnostics including cytology, microbiology, histopathology, and transmission electron
microscopy. Mortality in regions of the Seattle waterfront and in the captive collection of
Pycnopodia maintained at the Seattle Aquarium (n=48) was 100%. Disease was initially
observed only in Pycnopodia species (specifically the Sunflower sea star) and over the
period of ~ 1 month included a variety of other sea stars including Pisaster and Evasterias.
Mortality rates in affected regions of the Salish sea continues to be high (December,
2013). Multiple organizations and collaborators (Cornell University, Wildlife Conservation
Society, SeaDoc Society, Monterey Bay Aquarium, Vancouver Aquarium, USGS National
Wildlife Health Center, and NW ZooPath) are participating in the ongoing efforts to
determine the cause of this unusual mortality event in sea stars. The results to-date of the
disease investigation by the Seattle Aquarium and others will be presented.

#

109 Drill, baby, drill: Invasive oyster drills are the main driver of native
oyster mortality at a restoration site

11:00 AM - 11:15 AM

Presenter: Lesanna Lahner, Seattle Aquarium
Authors:

Shawn Larson, Seattle Aquarium; Denise Griffing, Seattle Aquarium; Jeff
Christiansen, Seattle Aquarium; Joel Hollander, Seattle Aquarium; Tim
Carpenter, Seattle Aquarium

11:15 AM - 11:30 AM

137 Species of Concern within the Salish Sea nearly double between
2002 and 2013

Room:

613/614

Date:

5/2/2014

11:45 AM - 11:52 AM

Presenter: Jacqlynn Zier, SeaDoc Society
Authors:

Jacqlynn Zier, SeaDoc Society; Joseph Gaydos, The SeaDoc Society

Abstract: Species of concern are native species, sub-species or ecologically significant units
that warrant special attention to ensure their conservation. The number of species of
concern within an ecosystem can be used as a crude measure of ecosystem health. Within
the Salish Sea, four jurisdictions assess which species require special initiatives to ensure
protection and survival of the population: the Province of British Columbia, the State of
Washington, the Canadian Federal Government, and the United States Federal
Government. Also known as marine species at risk, the number of species of concern in
the Salish Sea is used by the US Environmental Protection Agency and Environment
Canada as a transboundary ecosystem indicator. As of November 15, 2013, there were 119
species at risk in the Salish Sea, almost twice the number of species at risk when the
indicator was first established in 2002. While some of this increase represents an increase
in the number of fish, bird and mammal species known to use the Salish Sea, most
additions represent new listings due to concern about declines in populations. In terms of
species richness, currently 35% of mammal species, 32% of bird species, 17% of fish
species, 100% of reptile species, and less than 1% of macro invertebrate species are listed
by one or more jurisdiction. The high proportion of species of concern is suggestive of
ecosystem decay and we recommend that it is time to consider the Salish Sea an
ecosystem of concern.

#

217 The Relationship of Oak Gall Size to Lichen Proximity on Quercus
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garryana
Room:

613/614

Date:

5/2/2014

11:52 AM - 12:00 PM

Presenter: Garrett Noyd, Student Of Seattle Academy
Authors:

Garrett Noyd, Student Of Seattle Academy; Alex Nelson, Student of Seattle
Academy

Abstract: Oak galls are formed when a female gall wasp lays her eggs on the host plant.
She then injects the host plant with a toxin that makes the plant form a tumor around her
eggs, protecting them. Oak galls and lichen both use the same nutrients, resulting in
competition for nutrition and space on a tree. Our data was collected at the Glacial
Heritage Preserve in Thurston County, Washington. The purpose of this paper is to study
the relationship between oak gall placement and the presence of lichen on twigs. We
measured the diameter of an oak gall and then measured the distance between the oak
gall and lichen growth. There is an extremely strong positive correlation (R-square of
0.7994) between oak gall size and the distance the lichen grows from the gall. The
relationship is apparent when the oak gall is very large because then there was little to no
lichen. There also seems to be a relationship between the age of the twig and the
placement of the gall on it.

Session: S-09F

Emerging tools for synthesizing and communicating
ecosystem information II

Room:

602/603

Chair:

Jeff Rice

Date: 5/2/2014

10:30 AM - 12:00 PM

Strategies for improving information flow among scientists, stakeholders and policymakers
using new technologies such as data visualization, crowd sourcing and interactive
conceptual models; how technology helps (or hinders) the effectiveness of
communication among scientists; and the potential impacts of “open access” publishing

#

425 Eyes Over Puget Sound: Producing Validated Satellite Products to
Support Rapid Water Quality Assessments in Puget Sound

Room:

602/603

Date:

5/2/2014

10:30 AM - 10:45 AM

Presenter: Brandon Sackmann, Integral Consulting
Authors:

542 Open Source Mapping to improve data sharing: Environmental
Response Management Application

Room:

602/603

Date:

5/2/2014

10:45 AM - 11:00 AM

Presenter: Amy Merten, NOAA Office of Response and Restoration
Authors:

Amy Merten, NOAA Office of response and Restoration; Ben Shorr, NOAA's
Office of Response and Restoration

Abstract: The Environmental Response Management Application (ERMA®) is an online
mapping tool that integrates both static and real-time data, such as Environmental
Sensitivity Index maps, ship locations, weather, and ocean currents, in a centralized, easyto-use format for environmental responders and decision makers. ERMA enables a user to
quickly and securely upload, transform export, and display spatial data in a Geographic
Information System (GIS) map. This allows for high-impact and fine-resolution visualization
of data for solving complex environmental response and resource issues. ERMA was used
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336 Ebb And Flow: What We Learn From Visible Circulation Patterns in
the Salish

Room:

602/603

Date:

5/2/2014

11:00 AM - 11:15 AM

Presenter: Rob Fatland, Microsoft Research
Authors:

Rob Fatland, Microsoft Research; Parker MacCready, Microsoft Research

Abstract: We present here a set of visualizations of particle motion in the turbulent and
complex environment of Puget Sound. We are interested in superposition of flow patterns
particularly related to nutrient flux including: Estuarine input, exchange with the
continental shelf and deep ocean through the Strait of Juan de Fuca, tidal circulation and
other components of ocean dynamics. We begin with a computational fluid dynamics
model and choose initial conditions (particle locations) based on motivating questions:
Where does the water go that has been measured by instruments emplaced at NANOOS
moorings? Where does fresh water from the Skagit River go, in relation to river stage?
How does deep ocean water make its way into the Strait of Juan de Fuca? Does the
prevalent Puget Sound circulation pattern resemble a conveyor belt? What is the half-life
of the water in Hood Canal? The visualization is generated using the Layerscape research
toolkit provided by Microsoft Research. Layerscape combines the Worldwide Telescope
visualization engine (large data and time capacity) with a supportive 'learn/collaborate'
website (http://layerscape.org) and data manipulation and ingest tools and software.

#

459 Building the Encyclopedia of Puget Sound: A new resource for
ecosystem recovery

Room:

602/603

Date:

5/2/2014

11:15 AM - 11:30 AM

Presenter: Jeff Rice, Puget Sound Institute
Authors:

Brandon Sackmann, Integral Consulting, Inc.; Christopher Krembs, Washington
Department of Ecology; Suzan Pool, ; Julia Bos, ; Tarang Khangaonkar, PNNL

Abstract: Eyes Over Puget Sound (EOPS) is a rapid communication and outreach product
developed by the Washington State Department of Ecology that provides a concise
synthesis of near real-time data sources in Puget Sound, WA. Monthly EOPS reports
summarize aerial photographic surveys, in-situ ferry observations, satellite products, CTD
profiles, and mooring data within 2-days of completing each aerial survey. To facilitate the
rapid development and synthesis of satellite information products, EOPS developed a
framework for producing regionally-tuned products; validated using coincident ferrybased measurements of chlorophyll fluorescence, turbidity, CDOM fluorescence,
temperature, and salinity. Daily ferry transects provide a consistent suite of highresolution measurements necessary to characterize small-scale spatio-temporal variability
across the large optical gradients that are present. Ferry data are made available within
24 hours and allow validation efforts to be performed on a daily-, sensor-, and imagespecific basis. This framework has been used to validate and merge satellite products
from a variety of platforms including MERIS, MODIS, HICO, and Landsat. Future efforts will
utilize EOPS-validated satellite products to refine coupled 3-D hydrodynamic/water quality
models currently being developed for the region.

#

to support the USCG’s “Arctic Shield” drill, September 2013. Through this exercise, ERMA
was able to incorporate onboard ship information, field-collected data, photos, sensor
data and other scientific input collected during the USCG Cutter HEALY cruise. The
exercise has broad applicability and identified challenges for spills in remote locations as
well as for processing data-intense sensor information. The presentation will focus on
data sharing and collaborations in the Salish Sea.

Jeff Rice, University of Washington; Joel Baker, University of Washington
Puget Sound Institute

Abstract: Advances in online communication and digital media are changing the way
ecosystem information is shared and understood. New and emerging technologies provide
opportunities for networked science that can greatly benefit Puget Sound and Salish Sea
ecosystem recovery through improved information flow and unprecedented access to
scientific literature and data. The Encyclopedia of Puget Sound (www.eopugetsound.org)
is an online resource published by the University of Washington in collaboration with the
Puget Sound Partnership. Its mission is to synthesize and document the state of the
science of ecosystem recovery in the region. Through a topic editor system inspired by
efforts such as the Encyclopedia of Earth and Encyclopedia of Life, an editorial board of
leading scientists recruits and reviews content concerning interdisciplinary topics related
to Puget Sound protection and restoration. These topics include Biology: such as the
status of species, habitats and foodwebs; Chemistry: marine, freshwater, sediment,
pollution and stormwater; Physical environment: geology, bathymetry, cartography,
meteorology, physical oceanography and hydrology; Climate change: effects on the
watershed and marine environment; Ecosystem-based management: including
conservation assessment and ecosystem indicators; Social sciences: such as human
wellbeing, fisheries, culture, and history. The Encyclopedia was formally launched in
October 2012 by the University of Washington Puget Sound Institute and receives major
support from the Environmental Protection Agency. This presentation will describe the
Encyclopedia’s editorial structure, its ongoing synthesis work and lessons learned during

#

364 Signal to noise: Key needs and strategies for communicating
ecosystem science

Room:

602/603

Date:

5/2/2014

11:30 AM - 11:45 AM

Presenter: Jeff Rice, Puget Sound Institute
Authors:

Jeff Rice, University of Washington; Joel Baker, University of Washington
Puget Sound Institute; Rob Fatland, Microsoft Research; Amy Merten, NOAA
Office of response and Restoration; Ian Perry, Fisheries and Oceans Canada;
Charles Simenstad, University of Washington School of Aquatic and Fishery
Science

Abstract: The special session "Emerging tools for synthesizing and communicating

Page 86 of 99

2014 Salish Sea Ecosystem Conference

Abstract Book: Presentations by Date, Time, and Session

ecosystem information" includes a 30-minute panel discussion divided into two 15-minute
blocks within the allotted session time. Panelists include Joel Baker, UW Puget Sound
Institute; Rob Fatland, Microsoft Research; Amy Merten, NOAA's Office of Response and
Restoration; Ian Perry, Fisheries and Oceans Canada; and Charles Simenstad, UW School
of Aquatic and Fishery Science. The panel will discuss strategies for improving information
flow among scientists, stakeholders and policymakers within the Salish Sea region.
Questions will touch on key information needs and gaps, the potential value or hindrance
of new technologies in addressing these needs, and how emerging media is changing the
way scientists conduct, define and convey ecosystem synthesis.

#

707 Signal to noise: Key needs and strategies for communicating
ecosystem science

Room:

602/603

Date:

5/2/2014

11:45 AM - 12:00 PM
#

Presenter: Jeff Rice, Puget Sound Institute
Authors:

Jeff Rice, University of Washington; Joel Baker, University of Washington
Puget Sound Institute; Rob Fatland, Microsoft Research; Amy Merten, NOAA
Office of response and Restoration; Ian Perry, Fisheries and Oceans Canada;
Charles Simenstad, University of Washington School of Aquatic and Fishery
Science

Abstract: The special session "Emerging tools for synthesizing and communicating
ecosystem information" includes a 30-minute panel discussion divided into two 15-minute
blocks within the allotted session time. Panelists include Joel Baker, UW Puget Sound
Institute; Rob Fatland, Microsoft Research; Amy Merten, NOAA's Office of Response and
Restoration; Ian Perry, Fisheries and Oceans Canada; and Charles Simenstad, UW School
of Aquatic and Fishery Science. The panel will discuss strategies for improving information
flow among scientists, stakeholders and policymakers within the Salish Sea region.
Questions will touch on key information needs and gaps, the potential value or hindrance
of new technologies in addressing these needs, and how emerging media is changing the
way scientists conduct, define and convey ecosystem synthesis.

Session: S-09G Building Community Resilience: Moving beyond climate
adaptation planning to implementation
Room:

6E

Chair:

Julie Morse and Jamie Mooney

Date: 5/2/2014

10:30 AM - 12:00 PM

This session will showcase broadly applicable case studies that exemplify how climate
science can be integrated into local decision making. The goals of this session are to build
a community of adaptation and resilience practitioners, and to foster greater collaboration
and partnerships between scientists and decision makers in order to create more resilient
communities. A variety of different climate change products, guidebooks, visualization and
decision support tools are widely available today, yet most local development and
management decisions still do not incorporate climate data into planning decisions.
Climate change is a cross-cutting threat and provides a link for critical decisions of
planning, allocating resources, sustaining development and management as well as
preserving natural habitats and building resilient communities. The session will start with
an overview of an upcoming publication from Washington Sea Grant, titled “Planning for
Change: Climate Adaptation Survey Results” that identifies barriers and opportunities for
climate adaptation in Washington State. Case studies presented in this session will provide
examples of climate science integration successes and challenges across a variety of
sectors, including both how they have successfully integrated climate change data and
tools into their specific needs and local decisions, and how they have addressed potential
barriers to the integration of climate science in their planning processes. Collated, these
examples will provide a better understanding of the needs of local decision makers, and
help inform usability of climate tools. Fostering dialogue between and sharing
perspectives among a wide range of community stakeholders and climate scientists, and
identifying opportunities for partnerships, are the principal motivations for this session.

#

141 Planning for Change: Climate Adaptation Survey Results

Room:

6E

Date:

5/2/2014

10:30 AM - 10:45 AM

Presenter: Jamie Mooney, Washington Sea Grant
Authors:

Jamie Mooney, WA Sea Grant

Abstract: In August 2012, Washington Sea Grant distributed a survey to the members of
Washington Sea Grant’s Coastal and Shoreline Planner’s Group in coastal counties of
Washington State. The survey assesses the current role of coastal practitioners and
elected officials in the climate change adaptation process, the hurdles they have
encountered, and the quantity and quality of information they have on local climate
change impacts. The report also draws some limited comparisons between Washington,
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Oregon, and California by identifying similarities and differences in hurdles to climate
adaptation in these three states. Findings from this survey will contribute to the National
Sea Grant goal of identifying the types of information that local jurisdictions most need in
order to progress from understanding climate change to implementing adaptation
initiatives. The results suggest that coastal planners regard climate change as a risk and
would benefit from information about its local effects. Most respondents believe all levels
of government should plan for climate change, and believe they themselves have a
professional responsibility to respond; however, many respondents recognize that local
governments have a limited capacity to do so. The majority of respondents are still
building their understanding of how climate change affects them directly and indirectly,
while a select few are planning and implementing adaptation strategies. Most respondents
are encountering numerous hurdles to climate adaptation and are seeking guidance as to
how to address them.

174 RESPONDING TO SEA LEVEL RISE RISKS IN A VULNERABLE
COMMUNITY

Room:

6E

Date:

5/2/2014

10:45 AM - 11:00 AM

Presenter: Andy Haub, City of Olympia
Authors:

Andy Haub, City of Olympia

Abstract: In 2010, Olympia City Council directed staff to investigate the implications of 50inches of sea rise to our downtown and to develop a progressive strategy of appropriate
responses. Over the past three years, City technical staff and coastal engineers have
developed near and long-term priorities and implementation actions. The new analysis
links a comprehensive marine simulation of Budd Inlet with land elevations and uses,
stormwater and wastewater infrastructure, major precipitation events and sea level rise.
The analysis provides a tangible and easily visualized approach for understanding and
quantifying the implications of sea rise in downtown Olympia. The simulations identify
how sea rise flooding is likely to occur in specific downtown locations (e.g, stormwater
pipe backflow, pipe capacity limits, overland flow). They quantify potential volumes and
durations of flood waters at specific locations under various marine, precipitation, and sea
rise scenarios. In early 2013, we provided our community with a strategy of appropriate
responses and their timely implementation. The evolving analysis in concert with an
unusually high tide in late 2012 highlighted the current flood vulnerability of our
downtown regardless of potential sea rise. With specific vulnerabilities identified and
quantified, work is underway to improve near-term flood management responses. Andy
Haub, P.E. Planning and Engineering Manager Public Works Department City of Olympia
Olympia, WA ahaub@ci.olympia.wa.us

#

197 CITY OF ANACORTES WATER TREATMENT PLANT CLIMATE
CHANGE MITIGATION

Room:

6E

Date:

5/2/2014

11:00 AM - 11:15 AM

Presenter: FRED BUCKENMEYER, CITY OF ANACORTES
Authors:

FRED BUCKENMEYER, CITY OF ANACORTES

Abstract: Building Community Resilience: Moving beyond climate adaptation planning to
implementation, session 46. In 2013 the City of Anacortes completed construction of a
new $57 million water treatment plant located adjacent to the Skagit River. Elements of
the design and construction incorporated mitigation for the anticipated effects of climate
change. The elements included waterproof construction techniques, elevated critical
structures, and filtration method considerations.

#

331 Assessing Vulnerability and Adapting to Climate Change at Seattle
City Light

Room:

6E

Date:

5/2/2014

11:15 AM - 11:30 AM

Presenter: Crystal Raymond, Seattle City Light
Authors:

Crystal Raymond, Seattle City Light; Ron Tressler, Seattle City Light

Abstract: Seattle City Light has been concerned about the effects of climate change on
operations for several years. In 2013 the utility expanded its efforts to understand and
manage climate change risk by initiating a new program for climate change research and
adaptation as part of a 6-year strategic plan. SCL’s energy mix includes 90% hydropower,
50% of which is generated at hydropower projects owned and operated by SCL on the
Skagit and Pend Oreille rivers. The Skagit and Pend Oreille basins are historically snowdominated but are projected to shift to mixed-rain-and-snow basins with warming.
Associated changes in the amount and timing of snowpack and streamflow, particularly in
the Skagit basin, will challenge the utility’s ability to balance reservoir operations for the

Page 87 of 99

2014 Salish Sea Ecosystem Conference

Abstract Book: Presentations by Date, Time, and Session

multiple objectives of power generation, flood control, recreation, and instream flows for
fish protection. Initial vulnerability assessments indicate that less snow will reduce or
delay reservoir refill in spring, which could cause a failure to reach the reservoir elevation
required for recreation in summer and reduce the water that is available for fish
protection and power generation in the following high-demand winter. Results of this
initial vulnerability assessment were incorporated into the 20-year Integrated Resource
Plan. With the new climate program, SCL is expanding its efforts to research climate
impacts, assess vulnerability, and identify adaptation strategies. SCL is supporting research
on glacier retreat in the North Cascades and modeling of associated impacts on
streamflow and water temperatures in the Skagit basin. The utility is also expanding its
efforts to assess the climate vulnerability of other aspects of operations. The transmission
and distribution system in western Washington may be vulnerable to increases in climaterelated disturbances such as heat waves, flooding, sea level rise, wildfires, and landslides.
SCL has successfully reduced vulnerability to climatic variability by using the WindWatch
tool to monitor forecasts of high winds and extreme wind events. The utility will explore
other actions to increase resilience to longer term climate change risks to the system. SCL
manages 12,000 acres of fish and wildlife habitat lands in the Skagit area. Assessing
climate vulnerability of these lands will include evaluating restoration plans and objectives
in the context of climate change and evaluating new land acquisitions for habitat viability
in a changing climate. Information on vulnerability will be used to inform a utility-wide
adaptation plan with the goal of “mainstreaming” climate adaptation into plans and
operations.

#

11 Healing the Planet: GIS Helps British Columbia Respond to Climate
Change with Climate Action

Room:

6E

Date:

5/2/2014

11:30 AM - 11:45 AM

Presenter: Benjamin Clark, BC Climate Action Secretariat
Authors:

Benjamin Clark, BC Climate Action Secretariat

Abstract: The Community Energy and Emissions Inventory (CEEI) represents over 200
individual reports of energy consumption and greenhouse gas emissions. The data is split
into on-road transportation, buildings, solid waste, deforestation and agriculture. A first of
its kind inventory in North America, it enables local governments to meet the BC Climate
Action Charter commitment to measure and report on their green house gas (GHG)
emissions profiles. Making the data available in a GIS map-based format at large scales
assists local governments in making effective policies and actions towards reducing GHGs
and creating compact, complete energy efficient communities. Outputs of the inventory
and contributing spatial analysis allow more easy integration with GHG modeling and local
planning processes that are spatially driven. This paper overviews and describe the
challenges and success of how GIS is supporting this critical program for climate action in
British Columbia.

#

631 Successful Adaptation to Climate Change in the Coastal Context:
Insights from Scientists and Practitioners

Room:

6E

Date:

5/2/2014

11:45 AM - 12:00 PM

Presenter: Amy Snover, Climate Impacts Group
Authors:

Amy Snover, Climate Impacts Group; Lara Whitely Binder, University of
Washington

Abstract: Adaptation to climate change is a common concern on policy and management
agendas of many federal, state, local and tribal governments; planning for a climatealtered future is becoming more widespread and some adaptive actions are being taken.
In each of the three West Coast states ‒ Washington, Oregon and California ‒ state
agencies, governors, and some local and tribal entities have acknowledged the need for
adaptation and begun to develop relevant scientific assessments and policy and strategy
documents to prepare for and manage the impacts of climate change. This has led many
decision-makers, program managers, funders, and other stakeholders to ask what
adaptation success would look like and how one would evaluate adaptation effectiveness
over time. The academic community is increasingly asking similar questions and publishing
on this topic in peer-reviewed journals and books. This paper reports on a 2-year,
transdisciplinary project engaging academic experts from a range of relevant disciplines as
well as practitioner experts from each of the West Coast states (focusing particularly on
findings from Washington) to develop some practice-relevant answers on what processes,
accomplishments and outcomes count as success, how to set governance processes up for
ongoing adaptive processes of learning and adjusting, and how to measure progress in a
desirable direction when environmental conditions and concurrent pressures are
uncertain and pose unpleasant, if not unprecedented challenges to coastal communities.

Session: S-09H Tracing Cultural Ecosystem Services from Data Collection
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to Decision Making
Room:

607

Chair:

Mollie Chapman

Date: 5/2/2014

10:30 AM - 12:00 PM

Assessment and integration of social and cultural dimensions of ecosystem services into
natural resource management and policy

#

702 Culture, Economy and Environment in an Age of Market Value

Room:

607

Date:

5/2/2014

10:30 AM - 10:45 AM

Presenter: Terre Satterfield, University of British Columbia
Authors:

Satterfield, Terre; Chan, Kai; Chapman, Mollie; Klain, Sarah

Abstract: The many qualities of marine environments are at the heart of debates about
‘environments and economies’. Reflecting across papers presented in this session and
case studies from coastal B.C., we explore questions about what we choose to value and
why in the marine environment, and the problem of ‘winner-take-all’ systems of economic
development and the concentration or risks versus benefits given particular environmental
changes. Our cases indicate ways of thinking about marine economies less as discrete acts
of extraction to be valued on markets or substituted with cash equivalents than as
environments best understood as a cultural landscapes with long histories of economic,
cultural and livelihood security. Examples are provided of richly inhabited landscapes with
long histories of intergenerational knowledge transmission through seasonal acts of
cultivation and harvesting; areas vibrantly alive with origin stories recorded and retold in
place, where abundance and wealth of resources feed complex social and ceremonial
orders that provide for cultural resilience. Cases also include efforts to maintain and
reintroduce food sovereignty as coastal communities become depopulated and
increasingly burdened by household poverty. Finally, we consider all of these cases in
reference to new models for environmental planning, known as ecosystem service and
cultural services approaches, which aim to reconcile the unnecessary decoupling of
‘environments’ and ‘economies’. As a metaphor and method, ecosystem services seek to
integrate these to better link physical and cultural worlds; include values that people hold
dear, and maintain the livelihoods and well being on which cultural continuity depends.

#

692 "An uncultivated waste”: Balancing Cultural Ecosystem Services
and Differing Values in the Salish Sea Region

Room:

607

Date:

5/2/2014

10:45 AM - 11:00 AM

Presenter: Nancy Turner, University of Victoria
Authors:

Nancy Turner

Abstract: In Northwestern North America, as elsewhere in the world, First Peoples’ stories
reflect the gifts of Nature to humans – what we now call “cultural ecosystem services” –
and the ways in which places and species are imbued with cultural meaning. All around the
Salish Sea, such stories, told in the range of Indigenous languages and dialects spoken
across the area, have been passed from generation to generation since time immemorial:
How the Salmon People came and taught the Saanich People how to fashion their reefnets
of willow bark; How Xáls, the Creator, turned people who had transgressed cultural laws
into rocks, still to be seen at certain places; the site where the two sisters who married
Stars came back to earth, using a long cedarbark rope they had fashion; where the people
anchored their canoes and took refuge during the Great Flood. When the first Europeans
arrived in this region, they and those who followed looked at the lands and waters through
different eyes, and the cultural services provided to them were different. Even today, over
150 years later, there is a general disconnect in the intangible values attributed to the
lands and waters of the Salish Sea between First Peoples and newcomers. How can these
differing understandings of the meaning of this place for different groups of people be
recognized, and accommodated in planning and decision-making for the future? Whose
values should take priority in such assessments? In this presentation I consider these
questions and propose a number of principles that might help guide and reconcile
disparate perceptions of nature’s cultural values.

#

285 Cultural dimensions and guiding principles of coastal ecosystembased management

Room:

607

Date:

5/2/2014

11:00 AM - 11:15 AM

Presenter: Melissa Poe, Washington Sea Grant and NOAA NWFSC
Authors:

Melissa Poe, Washington Sea Grant and NOAA NWFSC; Karma Norman, NOAA
NWFSC; Phillip Levin, NOAA, Northwest Fisheries Science Center

Abstract: There is a growing call for tools to assess cultural values and services provided by
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ecosystems. In this brief presentation, we describe a model for evaluating cultural
dimensions of coastal ecosystems. We focus on five fundamental cultural aspects:
meanings, values and identity; local ecological knowledge; livelihood practices;
governance and access; and bio-cultural interactions. Finally, we outline a set of principles
to guide the inclusion of cultural consideration in integrated ecosystem assessments for
management and restoration. Understanding the processes, practices, and contexts
underlying the interactions between coastal resources and diverse social groups improves
socio-ecological analyses and management.

#

258 Understanding Cultural Ecosystem Services related to Salmon in
the Quinault Indian Nation

Room:

607

Date:

5/2/2014

11:15 AM - 11:30 AM

Presenter: Kelly Biedenweg, Puget Sound Institute
Authors:

Kelly Biedenweg, Puget Sound Institute; Justine James, Quinault Indian Nation;
Sophia Amberson,

Abstract: The consideration of cultural ecosystem services is of growing interest to natural
resource managers. Tools need to be developed and shared for identifying, measuring,
and presenting the status of cultural services so that they can be monitored or their
impacts considered when assessing potential management strategies. This presentation
discusses the process for identifying, measuring, and presenting cultural indicators
relevant to salmon in the Quinault Indian Nation. We first interviewed and coded the
responses from 18 tribal adults and two high school classrooms to identify the diverse
services associated with salmon. We then developed preliminary questions to test ways
of measuring the status of those services. Twenty-four people responded to these
questions in one of three formats: community workshop, online survey, or household
survey. We present the services coded from the interviews and the current status of
those services. We then discuss how such data can be used to monitor cultural services as
well as consider different salmon habitat restoration scenarios based on their potential
impacts to cultural services.

#

576 Operationalizing Cultural Ecosystem Services for Political DecisionMaking

Room:

607

Date:

5/2/2014

11:30 AM - 11:45 AM

1:30 PM - 3:00 PM
Session: S-10A
Room:

615/616/617

Chair:

Chris Cziesla

Bessie Schwarz, Yale University

Abstract: As social scientists develop promising new ways to measure Cultural Ecosystem
Services (CES) for decision-making, the question becomes if and how political decisionmakers integrate this information into natural resources policy and management. My talk
will dissect participatory value mapping as a method for bringing CES into the legislative
processes. Value mapping uses spatially explicit surveys to reveal the density and
distribution of values (both monetary and non-monetary) that stakeholders attribute to
their environment. In a study conducted in 2013, I explored the use of this method to
inform Shoreline Master Programs on the Olympic Peninsula. I used Conceptual Content
Cognitive Mapping and Q-Methodology to test the effect of a set of Forest Service value
maps on the decision-making processes of the region’s mayors, county commissioners,
and state-appointed politicians. Understanding the power of participatory mapping for
political decision-making sheds light on the potential for CES to integrate socio-cultural
dimensions of ecosystems into mainstream environmental management.

#

#

#

696 West Coast Aquatic Marine Planning Approach: Integrating
Cultural Ecosystem Services

Room:

607

Date:

Shellfish aquaculture: exploring themes of sustainabilitya
nd ecosystem recovery
Date: 5/2/2014

1:30 PM - 3:00 PM

An exploration of the roles shellfish and shellfish aquaculture play in the Salish Sea from
the perspectives of scientists, policy experts, aquaculture business members, and
ecosystem restoration practitioners.

Presenter: Bessie Schwarz, Yale University
Authors:

with designations that show current values and circumstances in each planning unit. The
value of this approach provides more detailed guidance to new applicants and planners
about areas that may or may not be suitable for development without undermining
ecological, cultural and other values, thus decreasing the risks and realities of future
negative impacts and conflicts. West Coast Aquatic Planning Approach and Inclusion of
Cultural Ecosystem Services The West Coast Aquatic planning approach is highly
participatory, with partnerships and engagement at the community level and also with
multiple government agencies, institutions, and sector associations. A participatory
approach is reflected in the planning process through the collection and use of local,
sectoral, managerial, and expert knowledge, data, values, and goals to inform plan
development. With its partners, WCA discusses current and future uses that respect the
area and its important cultural, social, economic, and ecological features and values. Nonmaterial values linked to ecosystems, including sense of place, aesthetic values, cultural
heritage and others, strongly contribute to well-being for those living and visiting Barkley
and Clayoqout Sounds. Data collection was an important initial stage in WCA’s planning.
Our data sources range from publically available data, data from researchers obtained
though sharing and protocol agreements and data collected through local knowledge
mapping interviews with user groups and First Nations. Protocol agreements have been
put in place to govern the use and ownership of information collected and shared during
the planning process, while providing WCA staff the opportunity to integrate culturally
sensitive information into draft planning tools. The approach has provided an
understanding of community visions and values for locations throughout the planning
area, and the ability to map and characterize many of those values, including cultural
ecosystem services. The result has allowed WCA to establish a new integrated decisionmaking approach to an area which previously lacked coordination and knowledge between
sectors, jurisdictions and community. An adaptive planning approach will now allow the
region to consider a wide spectrum of values when making integrated decisions about
appropriate future locations for development and protection.

5/2/2014

11:45 AM - 12:00 PM

427 Shellfish Aquaculture Regulatory Framework and Challenges

Room:

615/616/617

Date:

5/2/2014

1:30 PM - 1:45 PM

Presenter: Jesse DeNike, Plauche & Carr LLP
Authors:

Jesse DeNike, Plauche & Carr LLP; Billy Plauche, Plauche & Carr LLP

Abstract: Jesse DeNike and/or Billy Plauché Plauché & Carr LLP) represent shellfish
growers throughout Washington State and California. Shellfish aquaculture is highly
regulated by federal, state, and local agencies, and the laws governing shellfish
aquaculture are complex and often changing. Messrs. Plauché and/or DeNike will discuss
the current regulatory framework surrounding shellfish aquaculture and challenges that
growers face in continuing existing operations and establishing new farms.

267 Applying Ecosystem Services Analysis to the Shellfish Industry

Room:

615/616/617

Date:

5/2/2014

1:45 PM - 2:00 PM

Presenter: Marlene Meaders, Confluence Environmental

Presenter: Andrew Day, West Coast Aquatic

Authors:

Authors:

Abstract: Shellfish provide numerous essential ecosystem services that are valuable to
humans, including nutrient uptake, water filtration, and provision of habitat for aquatic
organisms. Ecosystem services analysis can be a valuable tool for examination and
management of shellfish, and can be used in combination with other activities on a
landscape-level. One example would be the examination of cumulative impacts within
specific inlets of Puget Sound, which is especially relevant to the shellfish industry.
Cumulative impacts analysis is a way to determine future use of an area given a variety of
management decisions and projected growth within a water body. For example, harvest
associated with geoduck aquaculture provides a net benefit in terms of nitrogen
sequestration, while population growth represents a net impact to nutrient accumulation.
This talk will review the general approach of ecosystem services analysis and how it can be
incorporated into actions and management decisions associated with the shellfish

Jennifer Spencer[1], Andrew Day1,

Abstract: West Coast Aquatic and Planning Role West Coast Aquatic (WCA) is a forum for
governments, communities, and businesses to work together on the health and wealth of
the West Coast of Vancouver Island (WCVI) marine area. Most recently, WCA recently
produced and approved a Coastal Strategy for the West Coast, which outlines principles,
values, goals and objectives for the region. The Coastal Strategy also includes priority
action areas, one of which is marine spatial planning in Barkley and Clayoqout Sounds. The
WCA approach to marine spatial planning includes the development of an adaptive
planning tool, which provides a Sound-wide spatial depiction of the different values in the
area so that businesses, planners and managers can make better informed decisions as
development opportunity grows and environment changes. Included in this tool are maps
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industry.

#

378 Ancient aquaculture practices in British Columbia: Clam gardens
provide insights and baselines for today’s management

Room:

615/616/617

Date:

5/2/2014

2:00 PM - 2:15 PM

Presenter: Amy Groesbeck, Simon Fraser University
Authors:

Amy Groesbeck, Simon Fraser University; Kirsten Rowell, University of
Washington; Dana Lepofsky, Simon Fraser University; Anne Salomon, Simon
Fraser University

Abstract: Maintaining food production while sustaining productive ecosystems is among
the central challenges of our time, and it has been for millennia. In the Salish Sea and
beyond, the ancient aquaculture strategy of constructing clam gardens, intertidal rockwalled terraces, is thought to have improved productivity of clams for coastal
communities. The "Clam Garden Network," a collaborative team of First Nations
knowledge holders, archaeologists, and ecologists has been examining traditional marine
resource management systems throughout the Northwest Coast. Our first ecological clam
garden study on Quadra Island, BC takes a closer look at how clam gardens impact the
productivity of subsistence clam species. We tested the hypothesis that clam gardens
enhance clam productivity by comparing the beach slope, intertidal height, and biomass
and density of bivalves at replicate clam gardens and non-walled clam beaches. We also
quantified the variation in growth and survival rates of littleneck clams (Leukoma
staminea) as we experimentally transplanted across these two beach types. We found that
clam gardens had significantly shallower slopes and greater densities of L. staminea and
Saxidomus giganteus. Overall, clam gardens contained 4 times as many butter clams and
over twice as many little neck clams relative to non-walled beaches. Transplanted juvenile
L. staminea grew 1.7 times faster and smaller size classes were more likely to survive in
clam gardens. As predicted, these relationships varied as a function of intertidal height.
Consequently, we provide strong evidence that ancient clam gardens likely increased clam
productivity by altering the slope of soft-sediment beaches, expanding optimal intertidal
clam habitat, thereby enhancing growing conditions for clams. These results reveal how
ancient shellfish aquaculture practices may have supported food security strategies in the
past and provide insight into tools for the conservation, management, and governance of
intertidal seascapes today.

Abstract: Native Olympia oysters have been the subject of widespread restoration efforts
across the west coast, including in the Salish Sea. The ultimate goal of restoration is to
establish populations that are self-sustaining or even exporting new offspring to other
appropriate habitats. It is difficult to study the early life history of marine invertebrates,
which have a microscopic and planktonic larval form and often episodic settlement pulses.
However, being able to predict larval behaviors and settlement preferences can allow
practitioners to design habitats, choose sites, and distribute restoration networks more
effectively. The purpose of this study, a collaboration among academic and non-profit
organizations, was to map the spatial and temporal distribution of oyster larvae and
settlers in Fidalgo Bay. This bay has been the subject of restoration work over the past
decade and has experienced high levels of settlement since the project began. From April
through July 2013, we monitored the reproductive state of adults and the relative
abundance and distribution of larvae and spatfall. Larvae were collected in larval tube
traps and using a plankton pump; the number of larvae were quantified using real-time
quantitative PCR. Settlers were sampled using shell strings made of adult Pacific oyster
shells that were examined visually. Analyses are ongoing, although studies of adults show
low reproductive synchrony, even during peak spawning. Settler data revealed that
juvenile oysters settled preferentially near adult oysters rather than across depths and
locations as previous studies have indicated. We will compare larval distribution data to
determine if larvae are distributed throughout the area and are preferentially settling in
optimal habitat, or if they remain in specific areas throughout the dispersal period. These
results will be used to improve restoration efforts and to design future studies of larval
dispersal of this important ecosystem engineer.

#

633 Using habitat volume in Olympia oyster beds to inform the
adaptation of restoration practice.

Room:

615/616/617

Date:

5/2/2014

2:45 PM - 3:00 PM

Presenter: Brian Alllen, Puget Sound Restoration Fund

#

558 Shellfish at Work: Nutrient Bioextraction Demonstration in South
Puget Sound

Room:

615/616/617

Date:

5/2/2014

2:15 PM - 2:30 PM

Presenter: Aimee Christy, Pacific Shellfish Institute
Authors:

Aimee Christy, Pacific Shellfish Institute; Andrew Suhrbier, Pacific Shellfish
Institute; Bobbi Hudson, Pacific Shellfish Institute

Abstract: This project explored the application of extractive aquaculture technologies
using shellfish for nutrient mitigation in urban nearshore environments of Tacoma and
Olympia, WA. Nutrient removal by shellfish, which are then harvested and removed from
the system, has the potential to help address environmental issues such as excess inputs
of nutrients (eutrophication), low dissolved oxygen, and reduced light availability. The
research focus was to: 1) implement demonstration aquaculture systems; 2) determine
nutrient removal services of mussels grown; 3) assess the feasibility of producing soil
compost from the demonstration systems; and 4) increase local stakeholder awareness of
and engagement in urban water quality mitigation needs and strategies. In Budd Inlet over
225 nylon straps were placed under 3 existing dock structures to provide a suitable
substrate for mussel recruits. By summer’s end, over 3,600 kg (over 8,000 lbs) of adult
mussels were filter-feeding on these straps. These mussels were harvested, chipped, and
delivered to The Evergreen State College’s Organic Farm, WSU-Puyallup Research and
Extension Center, and Cedar Creek Correctional Center for ongoing compost trials. The
mussels removed an estimated 360 kg (800 lbs) of nitrogen (wet weight) from lower Budd
Inlet over the course of 4 months. In addition, to the bioextraction trials, outreach efforts
focused on improving public understanding of local water quality issues, ecosystem
services of shellfish, and controlling upland sources of nutrients that flow into Puget
Sound.

Authors:

Brian Alllen, Puget Sound Restoration Fund; Joth Davis, Puget Sound
Restoration Fund

Abstract: Stock-rebuilding projects for the native Olympia oyster (Ostrea lurida) in Puget
Sound have used shell habitat enhancement as a primary tool since 2005. The oldest and
largest project areas are in the central Puget Sound, where this cultching technique was
initially tested for this purpose. The frequency and magnitude of young-of-the-year (YOY)
recruitment modulates the within-population structure and therefore the potential for a
successful restoration of native oyster bed habitat. We are interested in knowing under
what conditions (adult oyster density and habitat amounts) we observe the desired
response in YOY recruitment. The successful recovery of functional native oyster bed
habitat is showcased by projects on the eastern Kitsap Peninsula; 2010 began an effort to
quantify habitat amount in restoration enhancements in a way that facilitates an analysis
of correlation to oyster population structure. As we look back at these efforts with
continued monitoring, the questions of interest are: (1) What oyster densities are
associated with robust annual recruitment in enhancement areas, and (2) What amounts
of emergent shell substrate are correlated with these densities? Measures of emergent
shell volume have proven quite useful and are discussed here as they relate to both oyster
populations and the adaptation of shell application in light of scarce resources. For much
of our experience in developing enhancement practices, the addition of shell was looked
upon as what was required to restore emergent settlement substrates in now structurelimited tidelands. The inclusion of quantitative estimates of post-application emergent
shell “amount”, using habitat volume as the metric, provides the means to use data to find
correlations to restored populations. While our objectives for restored areas are to have
adult populations in densities of 150-300 m-2, empirically the YOY recruitment magnitude
to support such populations can occur when adult densities are much lower.
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534 What early life history tells us about restoration success in
Olympia oysters
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2:30 PM - 2:45 PM

Presenter: Bonnie Becker, University of Washington Tacoma
Authors:

Bonnie Becker, University of Washington Tacom; Michael Behrens, Pacific
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566 Stormwater: Monitoring and Adaptive Management in the Metro
Vancouver Region

Room:

608/609

Date:

5/2/2014

1:30 PM - 1:45 PM

Presenter: Helia Yazdanpanah, Metro Vancouver
Authors:

Andjela Knezevic-Stevanovic, Metro Vancouver; Helia Yazdanpanah, ; Carrie
Baron, City of Surrey; Krista Payette, BC Ministry of Environment; Melony
Burton, ; Julie Pavey,

Abstract: The Metro Vancouver region’s Integrated Liquid Waste and Resource
Management Plan includes a regulatory requirement that links community planning to
watershed health. The Province requires municipalities to develop Integrated Stormwater
Management Plans for watersheds within their boundaries by 2014. In 2012, an
intergovernmental and multi-disciplinary working group was tasked with developing a
consistent program to monitor hydrological, biological and chemical indicators of
watershed health. The program would be used by municipalities of different sizes,
drainage patterns and budgets. The working group members are drawn from
representatives of Metro Vancouver and its Environmental Monitoring Committee (EMC),
Stormwater Interagency Liaison Group (SILG), and British Columbia Ministry of
Environment. The Metro Vancouver region’s weight of evidence Adaptive Management
Framework was developed to provide guidance for Metro Vancouver municipalities for
development of watershed monitoring programs to enable reporting out to the Ministry of
Environment on a biennial basis regarding the effectiveness of watershed-based planning
initiatives and the health of their watersheds. If the Ministry of Environment is satisfied
that the monitoring approach proposed by the Adaptive Management Framework could
result in improvement of Integrated Stormwater Management Plans and protect stream
health, the deadline for municipal completion of these plans may be extended from 2014
to 2016.

#

156 Retrofitting an Urban Watershed to Protect Shellfish Beds

Room:

608/609

Date:

5/2/2014

1:45 PM - 2:00 PM

Presenter: Mindy Fohn, Kitsap County
Authors:

157 Assessing Water Treatment Residuals as a Filtration Media for
Phosphorus Removal at Wapato Lake - Tacoma, WA

Room:

608/609

Date:

5/2/2014

2:00 PM - 2:15 PM

Presenter: Brian Hite, Center for Urban Waters
Authors:

#

220 12,000 Rain Gardens for Puget Sound: A campaign to empower all
12 Puget Sound counties with Green Stormwater Infrastructure

Room:

608/609

Date:

5/2/2014

2:15 PM - 2:30 PM

Presenter: Aaron Clark, Stewardship Partners
Authors:

Aaron Clark, Stewardship Partners

Abstract: Between 2009 and 2011, the non-profit Stewardship Partners built over 100 rain
gardens at schools, homes, parks and other highly visible areas, to demonstrate proof of
concept and create early momentum around a simple but powerful tool for cleaning our
waters. In 2011, that program became the 12,000 Rain Gardens for Puget Sound
campaign, teaming up with Washington State University Extension offices in all 12 Puget
Sound Counties. Now in it's second year, the 12,000 Rain Gardens Campaign has trained
Master Gardeners in all 12 counties to offer technical support, education, and outreach to
their communities and have registered over 1,000 rain gardens toward the goal. By
promoting public awareness, training landscape professionals, developing and compiling
key resources, and distributing the most current, science-based GSI information through a
network of highly trained and educated volunteers as well as the 12000raingardens.org
website, the campaign is helping the Salish Sea region to become a national and global
leader in Green Infrastructure.

Mindy Fohn, Kitsap County; Chris May, Kitsap County

Abstract: In the 1960's shell fishing was abandoned in Dyes Inlet due to ongoing fecal
pollution problems. In 1994 a stable and ongoing water quality monitoring program was
established and identified polluted streams and near shore areas whereby a cooperative
watershed effort resulted in numerous pollution correction projects. These efforts
resulted in reclassification and upgrade of 1,500 acres of shellfish beds in 2003. However,
polluted stormwater from the urban area of Silverdale has the potential to threaten the
shellfish beds. Polluted stormwater was reduced by removing non-stormwater
discharges from dumpster areas, enhancing road right of way storm system maintenance
and working cooperatively with the commercial property owners for maintenance
compliance. Although water quality was improved, the marine stations in northern Dyes
Inlet continue to fail Part 2 of the fecal coliform standard. Retrofitting the stormwater
system was the next logical step and focusing on treating runoff with infiltrative practices.
In 2011 Kitsap County performed a stormwater retrofit planning project. The soils and
existing stormwater treatment level was mapped, opportunity areas identified and
prioritized, and pre-design reports of the top projects were produced. The presentation
will focus on the retrofit plan and progress implementing projects as well as the
relationship to water quality in the major streams and the marine waters of Dyes Inlet.
Projects in development for retrofit include green infrastructure techniques such as
installing Filterras® in an area with a high amount of utility conflicts, a stormwater
treatment wetland whereby a partnership with the commercial properties is essential, and
a boulevard area with highly infiltrative soils and the opportunity to enhance the area for
non-motorized travel.

#

structure to route phosphorus rich stormwater around the lake. This plan increased the
retention time of Wapato to ≈ 8.5 years. We have been tasked by the City of Tacoma to
research the prospects of introducing filtered stormwater runoff into the lake to reduce
retention time. Our plan includes creating a media filter using a waste product from the
drinking water industry “Water Treatment Residuals” (WTR) as an amendment to a sand
filter to adsorb and trap phosphorus. To determine WTR’s viability as a media filter we
have compared WTR from three drinking water facilities with commercial stormwater
filtration media. The WTR and media mixes were compared using a series of experiments
including kinetic and batch adsorption isotherm tests to determine the contact time and
maximum adsorption of phosphorus as well as tests looking into and dissolved metals in
the leachate. In phase 2 of this experiment we will compare the best working WTR
mixture to proprietary mixes in terms of its physical filtration capabilities, total and orthophosphorus removal using water from Wapato Lake.

#

406 Washington State emerges as national leader in advancing
LID/GSI training – what it means for you

Room:
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Date:
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2:30 PM - 2:45 PM

Presenter: Hilary Wilkinson, Veda Environmental
Authors:

Hilary Wilkinson, Veda Environmental; Gretchen Muller, Cascadia Consulting
Group; Jocelyn Jones, WA State Dept of Ecology

Abstract: Low Impact Development/Green Stormwater Infrastructure (LID/GSI) practices
are increasingly being used throughout the United States as the preferred approach for
addressing water quality and quantity impacts that result from stormwater runoff. In the
past 10 years, Washington State has emerged as a national leader in advancing LID/GSI
practices. An example of this leadership is the recently completed Washington State LID
Training Plan (Training Plan) that identifies the most efficient and cost effective path
forward for developing and delivering LID training throughout the state for each of the
next four years. When implemented, the Training Plan is intended to ensure that
stormwater professionals from both the public and private sectors have the relevant skills
and expertise needed to design, install, inspect and maintain LID/GSI infrastructure. This
session will provide highlights from the Training Plan, including identifying the key
audiences that need training, what topics of training are most needed, and what levels of
training are necessary. We will also provide insights into the lessons learned from the
Training Plan, and specifically will address the following questions: •What are the
important elements of the Training Plan that are relevant to Phase I and Phase II
jurisdictions throughout the state? •How can you and your staff get the training needed
to successfully adopt LID/GSI as the preferred stormwater management approach? This
session answers these questions by providing the following: •A roadmap to identify and
assess the LID training needs of you and your staff •Insights into how to access and/or
offer customized trainings for targeted staff on a shoestring budget •Resources and tools
for continued LID skills building

Brian Hite, Center for Urban Waters; Megan Hintz, Center for Urban Waters

Abstract: Wapato Lake in Tacoma, WA is a 23-acre urban lake that has had problems of
eutrophication and toxic algae blooms for over a hundred years. Inputs of phosphorus
from both environmental and anthropogenic sources contribute to this problem. Much of
the 900-acre watershed consists of residential or commercial development, increasing the
amount of stormwater containing increased levels of phosphorus. Past management
efforts designed to control eutrophication at Wapato included constructing a diversion
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245 Moving to world class land-based spill preparedness and
response in British Columbia

Room:

606

Date:

5/2/2014

1:30 PM - 1:45 PM

Presenter: Graham Knox, BC Ministry of Environment
Authors:

Graham Knox, BC Ministry of Environment; Ben VanderSteen, BC Ministry of
Environment

Abstract: In 2012, the Province of British Columbia called for world-class land-based spill
preparedness and response. As part of this work it set out to meet with industry, First
Nations, local governments, and other interested stakeholders in order to define what
constitutes world class. As 2013 drew to a close the Province began to narrow in on what
it believes would constitutes a world class regime for British Columbia. The focus of its
presentation will be to discuss the history of B.C’s Environmental Emergency Program,
outline the leading options for how land-based spill preparedness and response in British
Columbia may change in the future – what are the elements of a new regime; who would
be involved in its delivery; and, how world leading spill management is an important part
of protecting the Salish Sea. The presentation will also explore the navigation of policy
development given the current context of high public interest. There are numerous major
project proposals in B.C. driving the need for change, a number of regulators operating in
the same space, and a large number of stakeholders expressing divergent opinions about
the regime. This presentation will also touch on spill management in neighbouring
jurisdictions, and their efforts to effectively incorporate industry funding into government
program budgets and spill response funds; have emergency response staff and robust
prevention, preparedness and response work, and to have coordinated geographic
response plans. Given BC’s strong partnership with Pacific Coast States, and the focus of
the conference on marine issues, this presentation will also include discussion on: • Steps
BC is taking to ensure world class spill response in the marine environment; and, • Transboundary Projects and partnerships (Trans-boundary spill study, joint exercises, other
projects and benefits of the BC / Pacific States Oil Spill Task Force)

#

242 The role of First Nations in oil spill prevention, preparedness,
response and recovery in British Columbia

Room:
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Date:
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1:45 PM - 2:00 PM

Presenter: John Konovsky, Tsleil-Waututh Nation
Authors:

John Konovsky, Tsleil-Waututh Nation; Bridget Doyle, Tsleil-Waututh Nation;
Pano Skrivanos, Tsleil-Waututh Nation; Carleen Thomas, Tsleil-Waututh Nation

Abstract: The risk of oil spills from existing oil infrastructure and transport presents a
threat to aboriginal environmental and cultural values. First Nations can play a significant
role in oil spill response to protect those resources. In this presentation, the authors
summarize the Tsleil-Waututh Nation’s involvement in this area and provide
recommendations for developing capacity and maximizing effectiveness of First Nations’
participation in oil spill prevention, preparedness, response and recovery. Prevention:
First Nations should have the opportunity for consultation with provincial and federal
regulatory agencies to ensure standards are adopted that reduce to the maximum extent
possible the risk of spill incidents within their traditional territories. Preparedness: First
Nations can work with response organizations to ensure that important environmental
and cultural values, such as archaeological sites, are designated high priority for protection
in geographic response plans. First Nations might also develop their own Incident
Management policies or procedures to guide their involvement in the Incident Command
System during a spill event. These initiatives should be scalable and include the capacity
to address worst case scenario spills. Response: First Nations have human resources
available for training and employment often in isolated or key areas; reserve land might
also available for pre-siting equipment and supplies. First Nations and their local or
traditional knowledge also have a key role to play in shoreline assessments, particularly
when archaeological or cultural resources are present. Recovery: clean-up standards
need to take into account First Nation priorities because of their reliance on local natural
resources for sustenance, ceremonial and economic purposes. Standards should also be
set high enough to provide net environmental benefit at the end of any recovery period.
Developing the capacity for First Nation involvement in oil spill response as described in
this presentation will require financial support from industry or government. Such support
will provide for a more robust, effective system for oil spill prevention, preparedness,
response and recovery.

#

605 COLLABORATIVE EFFORTS TO PINPOINT, QUANTIFY AND
PROACTIVELY MANAGE RISK THROUGH A COMPREHENSIVE
VESSEL TRAFFIC RISK ASSESSMENT FOR PUGET SOUND
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Presenter: Todd Hass, Puget Sound Partnership
Authors:

Todd Hass, Puget Sound Partnership; Chad Bowechop, Makah Tribe; Jon Neel,
Washington Department of Ecology

Abstract: Commercial vessel traffic through the shared waters of Washington and British
Columbia is projected to increase over the next decade—rising by approximately 25% if a
set of proposed projects are completed (e.g., Trans Mountain Pipeline Expansion Project,
Gateway Pacific Terminal, and several in Port Metro Vancouver). In 2013 the Puget Sound
Partnership and Makah Tribe partnered with professional mariners and other stakeholders
from the Puget Sound Harbor Safety Committee to significantly update a George
Washington and Virginia Commonwealth University vessel traffic risk assessment (VTRA)
study for the Sound. Using vessel tracks recorded in 2010 by the US and Canadian Coast
Guards, the VTRA depicts the baseline in oil spill risk and the magnitude and geographic
extent of changes in relative risk associated with the set of potential ‘What If’ projects
above. The maritime risk assessment follows a participatory model based on the
“collaborative analysis” method (Busenberg 1999, Weible 2008). Based on the results of
the ‘What If’ simulations, the VTRA stakeholders requested the researchers model several
risk mitigation measures (e.g., reducing vessel speed, adding supplemental tug escorts,
etc.) to evaluate the potential effectiveness of each in reducing relative risk in the system
as a whole –and in specific waterways. This talk will summarize those results and outline
current (and anticipated) collaborative efforts to proactively manage vessel traffic risk in
this trans-boundary region over the immediate and longer-term.

#

509 From boat to beach: Using drift cards to improve our knowledge
of ocean currents, areas at risk and oil spill trajectories.
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Authors:

Andy Rosenberger, Raincoast Coservation Found.; Alexandra Woodsworth,
Georgia Strait Alliance; Ross Dixon, Raincoast Conservation Foundation

Abstract: In October 2013, Raincoast Conservation Foundation and Georgia Strait Alliance
launched 1644 drift cards from 9 locations along the shipping route through the Salish Sea
to Vancouver, British Columbia. Drift cards are 4x6” pieces of marine plywood painted
bright yellow and numbered. Drift cards have historically been used to assess the way in
which floating objects move in various contexts, including potential oil spills from
underwater pipelines, marine park planning, sewage outflows and more. In this case, these
drift cards were released in the context of Kinder Morgan’s plans to twin the Trans
Mountain pipeline, which if approved would see increases in tanker traffic on the shipping
route by up to 500%. Results from this study indicate that cards released in Burrard Inlet
very quickly landed across many of Vancouver’s beaches, cards released in Burrard Inlet
eventually moved from near Vancouver to other locations ranging from the San Juans to
the Broughton Archipelago, cards released outside Burrard Inlet can disperse to distant
locations relatively quickly, and card recoveries in some areas were from many different
drops, indicating that some areas could be affected from incidents along much of the
shipping route. Card movement is also compared to the oil spill modelling presented in
Kinder Morgan’s National Energy Board application. Implications for spill response, oil spill
modelling and environmental/societal impacts are also discussed.
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149 Uptake and depuration of PAHs in mussels following a diesel spill
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Authors:
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Abstract: Diesel spills are common in Northwest coastal waters but there is little
information about the rate at which exposed shellfish might purge bioaccumulated
hydrocarbons. The literature suggests a few weeks. We tested that hypothesis following a
May 2012 discharge of diesel from a sunken fishing vessel located adjacent to a mussel
farm in Penn Cove, Washington. Using an adaptive monitoring strategy, mussels were
collected on four occasions following the spill and removal of the derelict vessel and
analyzed for 43 polycyclic aromatic hydrocarbons (PAHs). PAHs were elevated 5 days into
the spill but did not exceed seafood safety guidelines. The biological half-life of total PAH
whole soft tissue concentrations was on the order of four to five months, a much longer
depuration time than previously suspected. The reason for the slow depuration was not
determined, but may due to slow exchange of cove water with clean water from Admiralty
Inlet and Puget Sound, a process that supports local larval retention and stresses the need
to prevent fuel spills in shellfish growing areas.
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Authors:

Barbara Bennett, WSU Island Co Beach Watchers; Eric Brooks, Island County
Emergency Management; Richard Walker, WA Dept of Ecology

Abstract: Drawing on lessons learned from retrieval of the sunken derelict vessel, the
Deep Sea, in Penn Cove, Island County, Washington, June 2012, and anticipation of the
potential for an oil spill resulting from the operation, this presentation reflects
interdisciplinary collaboration among official responders and community volunteers to
enhance spill response capacity, build shared responsibility, and leverage local knowledge
and skills. WA DOE Spill Response Section Manager, David Byers, led the incident
response team in collaboration with U.S. Coast Guard Federal On-Scene Coordinator, MSTI
Jason Munoz. Island County Emergency Management staff led by Eric Brooks informed the
response team that the county has a local pool of volunteers trained in nearshore issues
through the Washington State University (WSU) Island County Extension Beach Watcher
program. The team invited the WSU Island County Beach Watchers Program Coordinator
to recruit from among the program’s trained volunteers for individuals willing and able to
assist in monitoring for sheen during the retrieval, and able to meet requirements within
48 hours. Volunteers were required to be certified as Emergency Workers, complete a
web-based FEMA ICS 100 course and participate in safety training provided by the U.S.
Coast Guard. All volunteers had knowledge of the nearshore environment and a few had
previous HAZWOPER training but none were actively certified at the time of the incident.
Through creative and rapid response on the part of the Coast Guard trainers, the local
Emergency Manager and WSU Island County Beach Watchers, 14 volunteers were
deployed on the day of retrieval to work in teams led by Coast Guard personnel to monitor
segments of the shore. Volunteer participation multiplied the monitoring capacity of
Coast Guard personnel and provided practical local knowledge to the response team.
Creative collaboration to identify qualified local volunteers and provide essential training
in a just-in-time format quickly generated new resources to enhance spill response
capacity. This deliberate effort to engage local volunteers in a model of shared
responsibility contributed to execution of response itself, created a cadre of informed
local volunteers positioned to enhance the community’s understanding of the incident and
fostered a positive perception of the incident response.
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Phillip Levin, NOAA, Northwest Fisheries Science Center

Abstract: Over half of the world’s population resides in urban areas and 44% in coastal
areas. As urbanization continues, the ability of coastal marine ecosystems to provide the
services people want and need from them is in question. Indeed, the extent of human
activity in a region often doubles as an indicator of natural ecosystem responses to
multiple stressors. For instance, habitat conversion and reclamation, harvest and hunting,
and human population density are frequently assumed synonymous with reductions in the
abundance of wild animal populations. However, it is surprising how rarely such
assumptions are actually tested against real-world observation of the relationships
between stressors and components of ecosystem structure and functions. In this study we
investigated how land cover, a potential indicator of stressors such as toxic contaminants,
nutrient loads, and extractive uses, related to empirically measured ecosystem responses
in freshwater and marine environments of Puget Sound, WA, USA. Specifically, we
estimated how four aggregate ecosystem properties varied across 12 watersheds
characterized by perennial streams flowing directly into Puget Sound. These properties
included freshwater and marine invertebrate diversity, primary production, secondary
production, and decomposition. In addition to measuring land cover, which spanned a
gradient from highly rural (>80% forested) to heavily urbanized (>80% developed), we also
tracked other factors such as water temperature, salinity, stream flow, and nutrient loads.
Surprisingly, aggregate properties of freshwater and marine ecosystems did not differ in a
systematic way across the urban gradient. These preliminary results provide a contrast to
prevailing wisdom that urban ecosystems differ dramatically from pristine ones, and
suggest that land cover indicators may not always provide useful information about
changes in aquatic and marine ecosystems. Because ecosystem responses can be
idiosyncratic, though, this study also highlights the importance of groundtruthing stressorecosystem relationships to ensure that indicators are indeed meaningful.
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678 Herring reproductive success in Puget Sound: spawning habitat
availability and quality, spatial variation in egg survival, and the
specter of habitat limitation
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284 The 2006-2009 Puget Sound Land-Use/Land-Cover Change Map
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471 HOW MUCH CITY IS TOO MUCH CITY? DIVERSITY AND ECOSYSTEM
FUNCTIONS ALONG AN URBAN GRADIENT IN PUGET SOUND

Kenneth Pierce, WDFW; Timothy Quinn, ; Jeanne Miller, WDFW; Kevin
Samson, WDFW

Abstract: Land cover change is associated with human development is one of the most
important indirect stressors in the Salish Sea Ecosystem, and is a Vital Sings indicator for
the Puget Sound Partnership. In January 2014, the Washington Department of Fish and
Wildlife completed the first iteration of the Puget Sound land cover change map covering
the 2006-2009 time period. The map was created from 1-m National Agriculture Imagery
Program aerial imagery using a hybrid data mining-photo interpretation process
developed for mapping change with high resolution imagery. The map depicts over 36,000
individual change events covering over 85,000 acres throughout the basin, and represents
one of the largest area, highest-resolution change maps ever created. The process we
employed includes reviewing every change location to remove commission error while
omission error was assessed using a more traditional sampling approach applied to nonchange areas. Additionally, at each location the initial land cover, change agent
(development, forestry, natural, etc.), total change area, canopy reduction and increase in
impervious and semipervious surface were quantified during the photo interpretation
step. The median change event was smaller than one acre, which is too small to be reliably
assessed using intermediate resolution remote sensing data like LandSat. The spatial
precision of the map provides a robust base layer for intersection analyses with other data
sets such as riparian buffers, urban and planned growth area boundaries, mapped
wetlands, mapped ownership, land-use, parcels. From these intersections, change rates
can be calculated by area of interest. Sound-wide results will be presented along with
information on obtaining the data and examples of potential analyses.

Abstract: It is well known that Pacific herring migrate into areas of Puget Sound each
winter and spring and spawn on submerged vegetation in shallow nearshore waters.
However, we do not understand how the availability and quality of nearshore spawning
habitat affects herring egg survival or herring populations. To understand the interplay
between nearshore habitat and herring egg success, we measured the survival of wild
spawned herring eggs from 5 Puget Sound populations under field and laboratory
conditions. We estimated enormous variation in herring egg loss among sites under both
field conditions (range of daily loss rates: 5 to 70%) and laboratory conditions (mortality
ranged from 20 to 100% over the ~ 7 day incubation). Taking egg loss and mortality rates
together with predictions based on field incubation temperatures, we estimated herring
hatch probabilities ranging from 0.25 to 10-9. Egg loss and mortality rates varied by site,
but not by spawning substrate type. Exploratory analyses revealed the potential influence
of wave action and shoreline urbanization on probabilities of hatch success. Using
historical records of herring spawn, we determined that herring eggs are not found on any
substrate type in greater proportions than expected by chance, with the exception that
they are more likely to be found on the non-indigenous brown alga, Sargassum muticum.
Last, we found that a large proportion of suitable spawning habitat available to Puget
Sound herring at these sites remains unused. Our results demonstrate that Puget Sound
herring at these sites are not limited by the amount of suitable spawning substrate, and
that native vegetation is not preferred over other vegetation types for herring spawning.
Rather, it appears that other land-based or oceanographic variables are more important
for determining herring hatch success in Puget Sound.
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234 Can we have our herring and eat our salmon too? A qualitative
approach to modeling trade-offs in the Puget Sound food web
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Michael Carey, USGS Alaska Science Center

Abstract: Forage fishes in the Puget Sound estuary occupy a critical position in the food
web, and only a few species (Pacific herring, surf smelt and sand lance) comprise the bulk
of forage fish biomass. Data on forage fish abundance in Puget Sound are limited, yet
regional management bodies have identified healthy forage fish populations as a critical
component of a sustainable Puget Sound ecosystem. The challenge is to develop tools to
aid forage fish management despite limited data. Furthermore, there may exist trade-offs
among species for which there are recovery targets; these trade-offs are best explored in
a food-web context. The simplicity of qualitative models, requiring only basic descriptions
of species interactions (positive, negative or neutral), make them appealing as a
management tool easily tailored to specific ecosystems and food webs. Here we use a
qualitative modeling approach (loop analysis) to explore the potential effects of human
activities such as shoreline development on forage fish species in a food-web context. For
example, we predict the effects of loss of nearshore habitat on the abundance of forage
fish species, accounting for direct and indirect interactions in the food web. We also
assess the trade-offs inherent in this approach between food-web complexity/specificity,
and the reliability of model predictions, by exploring multiple food-web configurations
along a gradient of complexity.

meters of the shoreline as designated by the SSHIAP analysis. The primary attributes for
determining the degree of human impacts was derived from NOAA C-CAP land cover data
(2010). This allowed us to quantitatively define the amount of development impairing
natural ecosystem functions. Additional negative impacts associated with stream mouths
included: 303D impaired water, toxic sites, fill, armoring, docks, and freshwater point
sources. A focus for juvenile salmon was applied by using attributes from the Nearshore
Project Selection Tool (2009). The main habitat attribute is the location of freshwater
stream inputs in catchments of interest. Stream location was obtained from SSHIAP and a
rudimentary ranking scheme was applied that incorporated salmonid usage. The presence
of a stream was perceived as a ‘positive’ ecosystem processes / function for juvenile
salmon. Attribute data was considered according to varying scoring schemes to evaluate
ecosystem conditions. In most instances attribute data was considered in terms of a
presence/absence tally according to perceived positive (+) ecosystem attributes versus
negative (-) ecosystem stressors. Catchment scores were used to evaluate site versus
landscape scale relationships. At the site level scores for individual catchments were
calculated. At the landscape level comparisons were done using proximity of catchments
to each other. Adjacent catchments sharing a common border were considered
“neighbors”. The two approaches detailed above were used to provide some inference to
site versus landscape scale relationships in terms of the degree of ecosystem
integrity/impairment. Results can be used to translate quantitative scores into general
restoration and conservation strategies at the site and landscape level for discrete areas.
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Abstract: Marine Riparian Vegetation (MRV) is a key ecological attribute in the early
marine life history of Chinook salmon and a prominent, assessable indicator of ecosystem
status and conditions. Select functions and values of marine riparian vegetation are
understood from studies (and management) of freshwater, fluvial riparian systems that
are distinct from the site conditions, disturbance regimes, potential natural communities,
and desired future conditions for MRV along marine and estuarine landforms. Recent
research has increased our understanding of the role of MRV canopy and shrub layers
contributing to early marine migrant Chinook salmon, for example. We observe that until
a comprehensive assessment tool for MRV is developed, our approach to conserving and
improving MRV function is limited to assessment tools developed for freshwater systems.
Thus we have a set of uncertainties in the assessment of MRV for establishing baseline
conditions, identifying active treatment prescriptions, and guiding the effectiveness of
treatments that drive avoidance, mitigation, “no net loss”, and adaptive management. A
succession of inquiries and conference sessions over the last decade and earlier has
examined the subject of MRV. Now, with increased efforts to recover species and, indeed,
to understand manipulations of ecosystems that generate measureable biological
responses in key species, our obligation to understand MRV functions and guide
treatments across multiple spatial and temporal scales is essential. We provide an
overview of ecological distinctions between freshwater and marine riparian vegetation
with an encouragement for development of MRV assessment and management tools.
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Marine fish communities associated with hard substrate are diverse, ecologically
important, and culturally significant to people living near the Salish Sea. This session will
highlight recent assessment, conservation, and restorations actions, tools, and strategies
for these communities.
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392 Facilitation of rockfish by octopus in the Salish Sea
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Abstract: Octopuses are generalist predators that feed by biting or tearing into prey, or by
boring a small hole through the prey’s exoskeleton and injecting a cocktail of paralytic and
digestive enzymes. These modes of feeding lead to leakage of prey tissues into the
surrounding waters. Scavengers may be attracted to these clouds of prey tissue, or the
remnant shells left by the octopuses in midden piles. Because octopuses tend to bring
prey back to permanent den sites to feed, these dens could become relatively constant
attraction points for scavengers. In the San Juan Archipelago, shrimp, especially Pandalus
danae, are likely scavengers, and are also the preferred prey of copper rockfish (Sebastes
caurinus). We used time-lapse photography to monitor occupied and unoccupied giant
Pacific octopus (Enteroctopus dofleini) dens for evidence of rockfish responding to the
presence of octopuses. Occupied dens had significantly higher copper rockfish abundance
than unoccupied dens. Occupied dens appeared to host resident rockfish, as the same
individuals were routinely observed resting in or near occupied dens. While rockfish and
other demersal predatory fishes were occasionally observed at unoccupied dens, fish here
were more transient, with the exception of small schools of Puget Sound rockfish (S.
emphaeus) and one lingcod. If octopuses facilitate rockfish by attracting prey species,
ecosystem-based management of rockfish in the Salish Sea could include the protection of
octopuses, such as with the recently adopted octopus protection areas in Puget Sound.

Scott Steltzner, Squaxin Island Tribe; Kyle Brakensiek, Private Consultant;
Brian McTeague, Squaxin Island Tribe

Abstract: Here we present our methodology for incorporating the almost 300 lowland
streams present in South Sound into a marine nearshore prioritization model. Our
approach utilized a coarse depiction of current habitat conditions that were considered in
context of restoration strategies for- Creation, Enhancement, Restoration, Conservation
and Preservation. The analysis unit chosen for this project was the watershed catchment
unit as defined by the Salmon and Steelhead Habitat Inventory and Assessment Program
(SSHIAP, Northwest Indian Fisheries Commission). These are reach scale units that
represent the drainage areas based upon channel gradient and confinement. Analysis
units were further refined into three geographic strata. 1.Upland Catchments (UC) - units
adjacent to catchments on a marine shoreline. 2.Nearshore Catchments (NC), defined as
units on the shoreline that include the interface between the terrestrial and marine
nearshore environments. 3.Nearshore Zones (NZ), strata units encompassing up to 200
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423 High connectivity among brown rockfish (Sebastes auriculatus)
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Abstract: Empirical data on recruitment and dispersal patterns of marine species can
provide a scientific basis for conserving biodiversity and improving fisheries via marine
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reserves. We examined patterns of larval dispersal in brown rockfish (Sebastes
auriculatus) using genetic markers (microsatellites). Tissue samples from 1,837 fish were
collected in 2004 to 2009 from 18 sites in the Puget Sound, Washington. Genetic
parentage analysis using maximum-likelihood and exclusion approaches identified seven
offspring that assigned to a parent, with one offspring assigned to both parents. All
offspring recruited and settled at the main study site, Point Heyer; four offspring
originated from parents resident at Point Heyer and three from other locations 8 km to 20
km away. Kinship and population genetic structure analyses provided little evidence to
reject the null hypothesis of panmixia, suggesting that recruitment to Point Heyer is largely
random and that brown rockfish may be highly connected via dispersal in the south Puget
Sound. In contrast to previous rockfish studies, there was no evidence for high variance in
reproductive success from comparisons of heterozygosity and relatedness among samples
of adults and Point Heyer recruits. These results indicate that random recruitment and
high levels of gene flow are the predominant processes shaping patterns of brown rockfish
larval dispersal in Puget Sound.
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Abstract: For decades, biologists from the Seattle Aquarium have been informally
monitoring bottom fish on rocky reefs in Neah Bay, Washington. Based on increasing
concern over the long term stability of bottom fish populations in this area by both state
and federal agencies, the Aquarium formalized monitoring in 2005 with diver-based video
surveys to quantify bottom fish (rockfish and lingcod) diversity and abundance over time.
Divers performed 100-meter video transects, devised to be non-invasive and repeatable,
to assess diurnally active and relatively sessile bottom fishes over time. Transects were
conducted in the Strait of Juan de Fuca each year in August from 2005-2013 at five
permanently marked sites. Density and diversity of bottom fish species were determined
by biologists counting fish via the archived video. Over the past nine years, there has been
no significant difference in diversity and density of adult rockfish among sites or years, but
there have been significant young of the year (YOY) rockfish recruitment events in 2006,
2008 and 2010, termed “jackpot recruitment events”. We also found that young of the
year rockfish densities in the “jackpot” years were significantly correlated with lower sea
surface temperatures. Rockfish recruitment may be generally poor because larval survival
and settlement are dependent upon changing conditions such as climate, abundance of
predators, oceanic currents, and chance events. Being long-lived allows the adult
population to persist through many years of poor reproduction until a good recruitment
year occurs, as in 2006, 2008 and 2010.This study may elucidate significant trends in
rockfish diversity and abundance, that will influence long term management plans for
rockfish conservation.
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Kyle Antonelis, Natural Resource Consultants

Abstract: From 2002 through the end of 2012, a total of 4,358 derelict nets were removed
from the Washington waters of the Salish Sea (WASS), 95% of which were gillnets. Fortyfive percent of these gillnets were removed from low to high relief rocky substrate. I
investigated the causes and rates of gillnet loss from the WASS commercial salmon fishery
through interviews with fishers and industry professionals and analysis of historical fishing
effort. Major causes of gillnet loss included lack of experience, operator error, equipment
malfunction, overcrowding of fishing grounds, mismatch of net depth with ocean depth,
and more. The findings suggest that gillnet loss is currently much less frequent than in
previous decades characterized by heavy fishing effort (i.e., 1970s – 1980s). Analysis of net
removal records identified patterns of association between net fishing depths and depths
at which derelict nets are found. Spatial analysis and ArcGIS were used to produce a
simple model capable of identifying areas of high, moderate and low probability of derelict
gillnet occurrence. This model was applied to the British Columbia waters of the Salish Sea
(BCSS) where an organized derelict fishing gear removal operation has been identified as a
need, but has not yet been implemented. This study refines previous estimates of derelict
gillnet quantities in the WASS, identifies the major causes for derelict gillnet loss and
produces an exportable model that can be used to assist the design and implementation
of derelict fishing gear surveys and removal efforts in British Columbia and beyond. Plans
are underway to conduct derelict net surveys and removals in specific locations of the
BCSS in 2014, and in turn, test the accuracy of the model reported here.
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Abstract: Over 4,500 derelict fishing nets have been removed from Puget Sound since
2002. These derelict fishing nets cause harm to marine habitats and species. Nets are
often found draped over rocky reef habitat and kelp, causing sedimentation, smothering
habitat and cutting off access to valuable habitat for marine species. In Hood Canal,
derelict nets were found draped across centuries-old cloud sponge (Aphrocallistes vastus)
reefs, the reef scraped bare beneath. The 4,597 nets removed as of December 31, 2013
were degrading over 600 acres of marine habitats comprised of: mud; boulders on sand,
mud and gravel; aquatic vegetation; and low and high relief rocky substrate.
Approximately 44% or 2,027 of removed derelict nets were encountered in rocky reef
habitats. Previous monitoring of derelict net removal sites showed that the habitats
degraded by derelict fishing nets recovered within a single growing season after removal
operations. Additional qualitative observations from derelict gear removal divers note the
recovery of rocky habitats, such as those at Lawson Reef and South Lopez Island, with
abundant fish and other sessile animals moving into the areas after derelict fishing gear
removal. Animals become entangled and injured in the derelict nets and, unable to
escape, perish. These animals attract scavengers, which become entangled as well.
Sometimes, derelict nets stay suspended in the water column or are draped over reefs.
Smaller fish hide behind the nets, attracting predators such as birds and fish, which
become entangled and die in the nets. Of the 263 unique species observed in removed
derelict fishing nets, 77% (203 species) have been found in rocky reef habitats, illustrating
the importance of these habitats for multiple species. Using a catch rate model developed
by researchers at UC Davis using our data, we can estimate the annual catch rate of these
nets based on the animals found in them. We estimate that the 2,027 nets removed from
rocky habitats were entangling 395 mammals, 10,445 birds, 41,143 fish, and 1,366,692
invertebrates annually each year the nets were derelict. While many species were have
been found in derelict nets removed from a variety of habitats, some species of animals
were observed more frequently in nets encountered in rocky habitats. Examples include:
northern abalone, Haliotis kamtschatkana; Puget Sound king crab, Lopholithodes mandtii;
greenling, Hexagrammos decagrammus or Hexagrammos sp.; lingcod, Ophiodon
elongatus; and rockfish, Sebastes sp. or Scorpaenidae sp. Derelict fishing nets in rocky
habitats have significant impacts on species associated with these habitats. For example,
we can estimate that nets removed from rocky habitats were entangling 4,317 rockfish
every year they were derelict.
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Abstract: U.S. federal regulations, such as NEPA and Stevens-Magnuson Act require that
regulatory agencies conduct social impact assessment. Yet, it is not clear how social
impacts should be measured. More specifically, does it matter at what level is the
information collected? Is it appropriate to analyze human well-being and impacts of
environmental management at the county or a community level? How can we determine
the appropriate scale? This paper addresses the above questions by examining human
well-being indicators in coastal areas in Washington State over the last 30 years. Coastal
areas are key to the U.S. economic success with more than half of the U.S. GDP being
created in coastal areas. Yet, indicators of human well-being need to include more than
economic indicators. This study employs the framework defined in the Millennium
Ecosystem Assessment and conceptualizes human well-being in terms of the following
elements: health, basic material for a good life, good social relations, security, and
freedom of choice and action. These concepts are operationalized using the U.S. census
data. When available, the data are disaggregated by race and gender. The paper analyzes
the above measures at two levels: county and community. The study includes 12 coastal
counties and 335 communities (based on census place). The paper proposes criteria for
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deciding appropriate level of measurement for each of the above constituent parts of
human well-being.
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339 Human Dimensions of Puget Sound Ecosystem Health and
Recovery: Social Sciences Scale and Scope
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Abstract: Thought to have been extinct for 40 million years, living glass sponge reefs were
first discovered in Hecate Strait on the north coast of British Columbia in 1987 and then in
2001 in the Salish Sea. Glass sponge reefs have only been found in Pacific Northwest,
making them globally significant as well as ecologically important. The reefs are also
extremely fragile, studies have shown that approximately half of B.C.’s reefs have been
already been damaged by bottom trawling. The Canadian Parks and Wilderness Society
(CPAWS) has been working to protect B.C.’s glass sponge reefs since 2002 by increasing
engagement at all levels, from decision-makers and scientists, to the general public. To
bridge the gaps between science, conservation, and policy, we have built strong working
relationships with decision makers at all levels of government and with leading
international scientists, including Dr. Manfred Krautter (University of Stuttgart) and Dr.
Sally Leys (University of Alberta). Working closely with scientists ensures that our
messaging is current and supports the development and achievement of science-based,
solution-oriented campaign objectives. In 2008, we co-hosted a Glass Sponge Reef
Symposium with Natural Resources Canada (NRCAN) to facilitate collaborative research
between scientists. We also performed a tour of coastal communities with Dr. Krautter
and our glass sponge mascot “Mr. Stinky” to engage the public with both the issues and
the ongoing research. We work closely with community groups to strengthen our reach
throughout the region. In May 2013 we hosted a Glass Sponge Reef Conservation
Workshop for conservation groups, scientists, and resource managers to share
information, identify knowledge gaps, and discuss protection measures in the Salish Sea.
In October 2013, in partnership with Nuytco Research Ltd, we hosted al two-day
submarine expedition to one of the Salish Sea reefs with a public competition to win a
seat. The primary aim was to raise awareness of the reefs and engage a wider audience.
The event was extremely successful, achieving local, national and international media
coverage including National Geographic, Global BC TV, and CBC. We also created a series
of social media-friendly short films around the event to benefit ongoing engagement
efforts. By engaging stakeholders at all levels our campaign has been instrumental in
raising public awareness of the reefs, the development of Canada’s Pacific Region ColdWater Coral and Sponge Conservation Strategy 2010-2015, and establishment of the
Hecate Strait glass sponge reef Marine Protected Area. We are currently campaigning for
fishing closures for the Salish Sea reefs, which should be established in early 2014 and will
be an important step in the development of a marine protected area.
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653 Rethinking Public Interpretation Around the Salish Sea

Room:

602/603

Date:

5/2/2014

2:00 PM - 2:15 PM

Presenter: Kelly Black, Carleton University
Authors:

Kelly Black, Carleton University

Abstract: In developing an understanding of the Salish Sea as a shared ecosystem and
waterway it is essential to remember that the Salish Sea has been shared by Indigenous
peoples since time immemorial. Losing sight of such long-established relationships in the
development of scientific and public policies risks an erasure of Indigenous presence and
sovereignty. My paper argues for a rethinking of the ways in which we discuss the Salish
Sea's history and ecology with the general public. Public interpretation at parks and
recreation sites is a front-line tool that policy makers can use to educate the public about
the Salish Sea. While public interpretation may convey a message of ecological diversity,
historic significance, or Indigenous presence, I argue that these public educational
opportunities must be developed in relationship with Indigenous peoples in order to
convey a message of Indigenous relationships and jurisdiction over the territories
surrounding and within the Salish Sea. My approach is de-colonial and seeks to remind
policy makers and the general public that the history of non-Indigenous presence within
the Salish Sea ecosystem is one of colonization. Through an exploration of public
interpretation at sites located in communities on Vancouver Island I provide tangible
examples of how inattentive public interpretation can re-colonize and dismiss the
Indigenous presence. I will also provide examples of what de-colonial public interpretation
can look like with the hope that decision makers will be able to rethink public education
about local sites located on and within the Salish Sea.
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Presenter: Mary Rozance, Portland State University
Mary Rozance, Portland State University; Kathleen Wolf, University of
Washington

Abstract: The Puget Sound Basin is surrounded by human settlements that range from
small resource-dependent communities, to metropolitan areas that are experiencing rapid
population growth. Scientific studies in the biophysical disciplines have documented the
Puget Sound's ecological decline, established baseline conditions for recovery, and
identified human-based sources of ecosystem impacts. The Puget Sound region is a
complex socio-ecological system thus making equal attention to human dimensions an
important goal, even a necessity. Social scientists across a variety of disciplines (such as
economics, geography, anthropology, sociology, and psychology) can contribute to largescale ecosystem health and recovery in two general ways. First, studies can serve to
describe and highlight the human systems conditions that generate negative impacts on
Puget Sound health. Second, and more importantly perhaps, the social sciences seek to
understand how to better engage diverse human populations in greater awareness,
deeper understanding, and committed behavior toward ecosystem recovery. We offer a
comprehensive overview of human dimensions topics (that are generally aligned with
various social science disciplines) that can serve to inform policy and action. This extensive
literature review seeks to reconcile common perceptions that regard people as the source
of ecological problems with knowledge that can support strategies to engage people in
solutions. We present a framework of the human dimension of ecosystem recovery,
describing how human activity at different scales can affect change in social-ecological
systems. Each of the eight topics in our framework (Table 1- attached) is highlighted using
a combination of general principles, theory and prior research, incorporating examples
from studies done in the Puget Sound region when possible. Better understanding of this
rich potential can contribute to better integration with biophysical knowledge to achieve
recovery of large, complex ecological systems. The comprehensive overview of human
dimensions topics will foster and support dialog about the scientific basis of a socioecological systems approach for Puget Sound recovery.
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409 Improving access to regional conservation assessments through
an online encyclopedia

Room:
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Date:
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Presenter: Jeff Rice, Puget Sound Institute
Authors:

Jeff Rice, University of Washington

Abstract: Landscape and watershed-scale conservation assessments provide a
foundational understanding of the Salish Sea ecosystem and are important tools for
environmental protection and restoration. In recent years, many assessments have been
created within the Puget Sound watershed, but there is currently no comprehensive
source of information compiling or describing these efforts. In many cases, this
information is widely scattered across the Web or is simply not available online. This
presentation will describe how the University of Washington Encyclopedia of Puget Sound,
in collaboration with the Puget Sound Partnership and the Washington Department of Fish
and Wildlife is creating an online compendium with summaries of the region’s
conservation assessments. The Encyclopedia of Puget Sound (www.eopugetsound.org) is a
new resource funded by the Environmental Protection Agency that fosters collaboration
and information synthesis related to Salish Sea ecosystem science. The Encyclopedia will
provide a searchable and dynamic index along with project descriptions and background
about what conservation assessments are and how they can be used. In cases where
researchers and agencies want to share GIS data, the Encyclopedia will feature dynamic
online maps, allowing for crosscutting comparison and analysis of projects. This resource
will be useful to planners, researchers and stakeholders throughout the region.

#

570 Reporting on the Health of the Salish Sea using Transboundary
Ecosystem Indicators

Room:

602/603

Date:

5/2/2014

2:45 PM - 3:00 PM

Presenter: Cecilia Wong, Environment Canada
Authors:

Cecilia Wong, Environment Canada; Michael Rylko, US EPA

Abstract: The Salish Sea ecosystem is a transboundary area of ecological, social and
economic significance. In 2000, the USEPA and EC signed a Joint Statement of Cooperation
to facilitate cross-border understanding, dialogue, and collaboration on Salish Sea issues.
From this partnership came the Transboundary Ecosystem Indicators project to track
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progress in managing the Salish Sea ecosystem, and to identify priorities for action. The
most recent report, which was published in 2013, updates previous indicators and expands
the suite of information to increase their relevance to ecosystem health, including human
well-being. Mixed trends have been observed among transboundary indicators, reflecting
the complexity of the ecosystem. Improvements were demonstrated among indicators of
air quality, freshwater quality and toxics in the food web. Declining trends were observed
among indicators of marine water quality, marine species at risk, Chinook salmon and
summer stream flow. Variable or neutral trends were observed among indicators of
southern resident killer whale abundance, access to shellfish beaches and access to
swimming beaches. The suite of transboundary indicators represents an integrated
system of receptors to multiple drivers and pressures. Two primary drivers of change in
the Salish Sea ecosystem health are climate change and population growth. Global scale
climate change impacts on marine dissolved oxygen, summer stream flow, and habitat and
species composition have been reported in the literature. Population growth and
associated conflicts in landscape and water demands have also reported, however their
impacts take place on more localized scales than climate change. Impacts of these key
drivers on Salish Sea ecosystem health should be better characterized and responses to
ecosystem change should be discussed to facilitate the sharing of best management
practices. Partnerships that were developed over the course of the Salish Sea
Transboundary Ecosystem Indicators project will likely prove beneficial to understanding
drivers and identifying responses to indicator trends.
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Session: S-10G Green Infrastructure to Achieve Ecosystem Recovery
Goals and Natural Hazard Mitigation
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Date: 5/2/2014

1:30 PM - 3:00 PM

6E

Date:

5/2/2014

1:30 PM - 1:45 PM

Presenter: Stephanie Chang, University of British Columbia
Authors:

Stephanie Chang, University of British Columbia

Abstract: This paper provides an overview of the disaster vulnerability of coastal
communities on the Salish Sea. In addition to natural hazards such as earthquakes,
tsunamis, and floods (both riverine and coastal), coastal communities in this region are at
risk from human-induced and technological disasters such as oil spills and terrorism
threats. Vulnerability – or the propensity to suffer loss when a hazard event occurs – is
affected by many factors related to geographic setting, the built environment, economic
conditions, socio-demographics characteristics, and institutional context. In a case study
of Metro Vancouver, this paper identifies and compares key vulnerability factors in the
context of three major hazards: earthquakes, coastal flooding, and oil spills. The paper
then provides a qualitative discussion of the potential for green infrastructure approaches
to reduce these key vulnerability factors. Worldwide, some coastal communities struck by
disasters have been undertaking ecosystem restoration and green infrastructure initiatives
to reduce their future vulnerability (e.g., following Hurricane Katrina, Hurricane Sandy, the
2004 Indian Ocean tsunami, and the 2011 Tohoku earthquake/tsunami). The benefits of
green infrastructure for reducing disaster vulnerability are, however, both contextdependent and as yet poorly understood. In the case of Metro Vancouver, this paper
suggests that some vulnerability conditions, including development in low-lying delta
areas, may be ameliorated by green infrastructure approaches such as tidal wetlands
restoration. Other vulnerability conditions, such as the high reliance of most coastal and
island communities on maritime transportation systems that could be severely disrupted
in a disaster, are less amenable to green infrastructure approaches.
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626 Coastal Resilience for Habitats and Humans: Integrating Green
and Grey Infrastructure Solutions
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Presenter: Roger Fuller, Western Washington University
Authors:

503 Tidal marsh as green infrastructure: Evaluating marsh capacity to
reverse historical coastal retreat and mitigate future coastal
hazards in a Salish Sea estuary

Authors:

608 Reducing Disaster Vulnerability of Coastal Communities on the
Salish Sea

Room:

about their performance and cost. This knowledge gap leads to greater investment in grey
at the expense of green. In addition, green infrastructure provide other benefits to human
communities, and are often the restoration target of recovery plans for ecosystems and
endangered species. In Puget Sound we evaluated the changes in vulnerability for both
ecosystems and built infrastructure that may result from climate change, including
changes in high and low river flows, sea level, storm dynamics, sediment recruitment and
salinity intrusion. We developed an interactive tool called Coastal Resilience that allows
users to examine community risk in a way that integrates both green and grey
infrastructure. The tool allows users to evaluate different sources of risk, such as “dike
freeboard” which indicates how close a dike comes to being overtopped under various
current and future storm scenarios. Another tool provides a model that quantifies the
reduction in storm wave energy and height that is provided by tidal wetlands which
protect adjacent dike systems from erosion and overtopping. In areas where tidal
wetlands are receding, it can indicate how community risk and financial cost may change
as a result of this loss of protective green infrastructure. With this information,
communities can develop better response plans that reduce the costs of disaster
prevention and recovery, and increase the economic efficiency of both risk reduction and
ecosystem recovery actions.

Roger Fuller, Western Washington University; Eric Grossman, U.S. Geological
Survey

Abstract: Communities are protected from floods and storms by both engineered
infrastructure like levees, and natural habitat infrastructure like wetlands. We understand
the performance and cost effectiveness of engineered or grey infrastructure well.
However, recent natural disasters have illustrated both their insufficiency in protecting
communities and the high repair costs. We know that green infrastructure, or natural
habitats, also protect communities from river floods and coastal storms but we know little
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Eric Grossman, U.S. Geological Survey; Roger Fuller, Western Washington
University

Abstract: Coastal retreat of up to 1 km since the 1960s in Port Susan Bay has led to loss of
tidal marshes that historically buffered coastal overwash of important agricultural lands
and dike infrastructure. The associated coastal change rates of 5.0 to 20.0 meters per year
are thought to have resulted from multiple factors including emplacement of shoreline
armoring that deflected fluvial sediment delivery away from the marshes. In addition, the
combined influence of sea level rise and waves that resuspend and redistribute sediments
may also have changed. In 2012 restoration of PSB reduced these barriers to sediment
transport and research to quantify the recovery of sediment connectivity and the
influence of waves today and under projected sea level rise commenced. Initial models
indicate that loss of tidal marsh habitat has led to a notable loss of the ecosystem service
that marsh contributes to buffering shorelines and coastal communities from wave and
coastal storm surge impacts. A network of instrumentation and integrated sediment
transport-wave modeling is being used to quantify the sediment budget and physical
processes that influence sediment retention and marsh accretion. Using historical
reconstructions of the marsh extent, we model the amount of sediment required to
recover the lost marshes (green infrastructure) and associated benefit of wave
attenuation. These models are run for a range of projected seal level rise and sediment
delivery rates likely to be affected by changes in precipitation and runoff to evaluate the
importance and value of tidal marsh as green infrastructure to protect coastal lands in
Port Susan Bay and similar environments around the Salish Sea and coastal United States.

#

683 Communicating coastal risks and responses through 4D
community visioning processes

Room:

6E

Date:

5/2/2014

2:15 PM - 2:30 PM

Presenter: David Flanders, University of British Columbia
Authors:

Flanders, David

Abstract: While the province of British Columbia (BC), Canada, provides guidelines for
flood risk management, it is local governments’ responsibility to delineate their own flood
vulnerability, assess their risk, and integrate these with planning policies to implement
adaptive action. However, barriers such as the lack of locally specific data and public
perceptions about adaptation options mean that local governments must address the
need for adaptation planning within a context of scientific uncertainty, while building
public support for difficult choices on flood-related climate policy and action. This research
demonstrates a process to model, visualize and evaluate potential flood impacts and
adaptation options for the community of Delta, in Metro Vancouver, across economic,
social and environmental perspectives. Visualizations in 2D and 3D, based on hydrological
modeling of breach events for existing dike infrastructure, future sea level rise and storm
surges, are generated collaboratively, together with future adaptation scenarios assessed
against quantitative and qualitative indicators. This ‘visioning package’ is being used with
staff and a citizens’ Working Group to assess the performance, policy implications and
social acceptability of the adaptation strategies. Recommendations based on the
experience of the initiative are provided that can facilitate natural hazard mitigation and
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green infrastructure for sustainable future adaptation actions and decision-making in
Delta and other jurisdictions.

education on traditional foods and cultural keystone species, partnerships with tribal
fishermen to enhance catch value, and engagements with recreational and commercial
harvesters in food security and environmental stewardship initiatives.

#
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269 Estimating Socioeconomic Benefits from a Multiple Benefits
Project: The Fisher Slough Case Study
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665 The Herring School: Long-term Perspectives on Herring in the
Salish Sea and Beyond
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Presenter: Kris Knight, The Nature Conservancy

Presenter: Iain McKechnie, Simon Fraser University

Authors:

Authors:

Kris Knight, The Nature Conservancy; Polly Hicks, National Oceanic and
Atmospheric Administration (NOAA)

Abstract: The Fisher Slough Freshwater Tidal Marsh Restoration project, located in the
Skagit River Delta, was designed to improve habitat for juvenile Chinook salmon as well as
provide benefits to the Skagit agricultural community in the form of improvements to
drainage, irrigation and flood protection infrastructure. This was the first estuary
restoration project completed on private lands in the Skagit Delta. The Nature
Conservancy (TNC) collaborated with local diking and drainage district partners to
establish and ensure that the project met its common, and equal goals of; 1) Create tidal
rearing habitat for juvenile Chinook salmon; 2) Improve passage for coho and chum
spawning access; 3) Increase flood storage to protect agriculture and; 4) Create a diversity
of native habitats. TNC, and NOAA worked with ECONorthwest to conduct a
socioeconomic study of the project to estimate the non-fish benefits that would be
derived from the project. In addition to providing improved passage to 15 miles of stream
and restoring 60 acres of freshwater marsh habitat, the $7.7 M project is estimated to
provide $9-$21 M in benefits to the community over the next several decades. These
benefits were derived from both green and grey infrastructure elements of the project.
Fisher Slough was also found to create trust between sectors of the agricultural and
restoration communities and build Social Capital. This presentation will provide an
overview of the project, a discussion of the socioeconomic benefits as well as some of the
ecological benefits as time allows, while also discussing how these results and the trust
generated between parties is being leveraged to create future multiple-benefit projects in
the Skagit.
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130 Connecting Ecosystem Service Science to Valuation: We Can Do
Better

Room:

6E

Date:

5/2/2014

2:45 PM - 3:00 PM

Presenter: Kai Chan, University of British Columbia
Authors:

Kai Chan, UBC; Terre Satterfield, UBC

Abstract: The valuation of ecosystem services (ES) is central to many efforts to
communicate the importance of ecosystems and the human consequences of
environmental change. Researchers have argued convincingly that ES research ought to
include such valuation, which should be linked to biophysical science, and explicitly
connect social change with ecological change. We conducted a systematic literature
review (a stratified random sample of 306 studies using ES as a keyword) to assess the
proportion of ES studies that (a) includes valuation, (b) is grounded in biophysical science
of ES change and/or (c) in social science of such change. We compared these proportions
with that of (d) using ‘ES’ in a perfunctory manner as a symbolically loaded keyword. The
ratio of studies explicitly mentioning ES without characterizing ES either biophysically or
socially to those valuating ES with biophysical grounding was ~26:1. Specifically, in the
studies reviewed, there was little biophysical characterization of processes explicitly
relevant for ES (20.8 ± 2.5 %), far less valuation (7.7 ± 1.6 %), and minute fractions doing
biophysically-grounded valuation (2.7 ± 1.0 %) or characterizing relevant social patterns or
processes (2.4 ± 0.9 %). The vast majority of studies were instead using the language of ES
to symbolically valorize or signal the importance of ES and/or the study (71.0 ± 2.7 %).
While the absolute number of ostensibly ES-related studies has increased greatly, these
ratios have not changed significantly over time, suggesting that the field is apparently not
maturing in these ways. The bulk of ES research is not living up to its promise or potential.
For ES research to improve understanding of the values of ecosystems and ES, and to
improve decision-making, it will require a major expansion of existing ES research to
characterize the linked biophysical and social dynamics underpinning ES, and to employ a
diverse set of approaches to ES valuation and decision-making.

Session: S-10H Salish Sea Foods: Cultural Practices, Sustainable Markets,
and Environmental Stewardship
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607

Chair:
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Iain McKechnie, Simon Fraser University; Dana Lepofsky, Simon Fraser
University

Abstract: For many Indigenous peoples, the right and ability to fish is inseparably linked to
their history, social relations, economy, and physical well-being. In the western North
America, and in the Salish Sea, specifically, Pacific herring (Clupea pallasi) plays a
foundational role in coastal food webs and is a cultural keystone species of First Nations.
However, beginning in the late 19th cen, herring has severely declined throughout much of
its North Pacific range, thus threatening both the cultural and ecological systems that rely
on this once abundant fish. In this presentation, we describe the efforts of the "Herring
School" a multi-disciplinary and multi-community effort that blends western scientific,
local, and traditional knowledge to understand the cultural, social, ecological, legal, and
economic contexts of herring in British Columbia. In particular, we focus on the oral
historical and archaeological evidence of the Salish Sea, which indicates that for millennia
herring have been central to economic and social systems of Salish communities.
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479 The Gift of N.W. Native Foods Teaching Box

Room:
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Date:
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Presenter: Elise Krohn, Northwest Indian College
Authors:

Elise Krohn, Northwest Indian College

Abstract: The Northwest Indian College Traditional Plants and Foods Program offers
classes, train the trainer workshops and educational resources to build tribal community
health and sovereignty. In collaboration with elders and culture keepers, staff are
developing the “Gift of N.W. Native Foods Teaching Box.” This educational tool is a cedar
bentwood box with twelve culturally and nutritionally important Salish preserved foods.
The box also includes teaching cards, a booklet with activities, a DVD and a board game on
harvesting native foods throughout the seasons. Themes include sustainable harvesting,
stewardship, cultural preservation and wild food safety. The box can be used in many
teaching contexts including conferences, community gatherings and classroom settings for
grades 6 through adult. The Burke Museum will host a train-the-trainer workshop in
spring of 2014 and the box will be available for checkout at tribal museums. In this
presentation Traditional Plants Educator Elise Krohn will share some of the highlights of
the box including how it is raising awareness about the precious wild foods of the Salish
Sea region.
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621 Encouraging safe and responsible recreational harvest of Salish
Sea marine and shoreline resources

Room:
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Date:

5/2/2014

2:00 PM - 2:15 PM

Presenter: Jeffrey Adams, Washington Sea Grant
Authors:

Jeffrey Adams, Washington Sea Grant

Abstract: The Salish Sea’s natural resources have supported the diet and culture of First
Nations for millennia. In the last two centuries, newcomers have intensively utilized those
same resources to support rapidly expanding population and development. For many,
recreational and cultural uses of marine and shoreline plants and animals have been an
effective way to connect to the land while supplementing diet or hobbies. Such interests
are not unique to inhabitants of the Salish Sea region. For foragers, hunters, and fishers
who arrive in our region, understanding recreational harvest opportunities, regulations
and health considerations can be daunting. In addition, historical and cultural connections
and impacts of harvest and development may of special consideration. In response to
needs expressed by volunteers in naturalist programs and objectives of Washington Sea
Grant, a program to encourage well-informed recreational harvest and use of marine and
shoreline resources is being developed with input from potential participants and will be
piloted in 2014. The program will provide seasonal short courses and harvest
opportunities and enhance information provided by Washington Fish and Wildlife and
other agencies. Evaluation of the pilot will consider the need and applicability of
recreational harvest outreach in other areas of the Salish Sea.

This session presents integrated approaches to Salish Sea Foods, including collaborative
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154 Upgrading Tribal Fish Handling and Quality to Enhance Value and
Value-added Opportunities

Room:

607

Date:

5/2/2014

2:15 PM - 2:30 PM

Presenter: Pete Granger, Washington Sea Grant
Authors:

Pete Granger, Washington Sea Grant

Abstract: Presenting on work with Western Washington tribal fishermen to enhance the
commercial value of their catch. Today’s challenges include stiff competition from highquality seafood products and limited markets for tribal harvests. This project works with
tribal fishermen to addresses those challenges through improved handling, storage and
quality practices, and by expanding opportunities to sell their products to a tribal retail
seafood market. Salmon is primary species, but dungeness crab, molluscan shellfish also.
Tribes include: Lummi, Nisqually, Squaxin, and Swinomish. Working primarily with small
skiff fishermen in neighboring rivers: Nooksack, Nisqually, Skagit. Tribal retail seafood
market is operated by Lummi Nation.
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166 Seafood subsistence, fish recovery, and informal livelihood
dimensions of Salish food species

Room:
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Date:

5/2/2014
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Presenter: Melissa Poe, Washington Sea Grant and NOAA NWFSC
Authors:

Melissa Poe, Washington Sea Grant and NOAA NWFSC

Abstract: The Salish Sea supports diverse seafood practices. Noted for its commercial
fishing activities, the Salish Sea also supports important cultural, subsistence, and
noncommercial food systems. Incidental by-catch, seafood waste products, culturallyimportant species, and other seafood with little commercial value (i.e. “trash fish”) might
play a key role in addressing hunger and food insecurity, as well as support social and
cultural practices. This paper discusses noncommercial wild ocean food practices through
a focus on subsistence use and food recovery networks (i.e. "gleaning" efforts). For
example, between 1990 to 2010 vessel landings in Puget Sound ports recorded over 30
million pounds of fish and shellfish being kept for personal use. Elsewhere, chum carcass
discards were diverted from Salish waters to regional food banks as a novel approach for
utilizing lower-value salmon species for emergency food security. Other examples include
incidental by-catch utilization in regional food systems. This oral presentation analyzes
mixed socioeconomic datasets: (1) quantitative data on personal use by Puget Sound
commercial harvesters; (2) qualitative data using open-ended interviews with key
individuals involved in (a) seafood recovery through food bank donations, and (b) by-catch
utilization.
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391 Ancient Mariculture in the Salish Sea: Documenting the Past for
the Future

Room:
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Presenter: Dana Lepofsky, Simon Fraser University
Authors:

Dana Lepofsky, Simon Fraser University; Skye Augustine, Parks Canada;
Nathan Cardinal, Parks Canada; Amy Groesbeck, ; Marco Hatch, Northwest
Indian College; Julia Jackley, Simon Fraser University; Eric McLay, University of
Victoria; Michelle Puckett, Simon Fraser University; Kirsten Rowell, University
of Washington; Anne Salomon, Simon Fraser University; Nicole Smith, ; Elroy
White, Central Coast Archaeology

Abstract: In the Salish Sea, as elsewhere, the recognition and re-establishment of
traditional mariculture practices are linked to issues of food security, health, economic
development, governance, and community engagement in heritage. The "Clam Garden
Network" is a collaborative team of First Nations knowledge holders, archaeologists, and
ecologists who focus on traditional marine resource management systems throughout the
Northwest Coast. In several locations in the Salish Sea, we have 1) documented the
location of ancient mariculture features (clam gardens and cleared beaches) and
associated terrestrial archaeological sites; 2) conducted ecological surveys and
experiments that suggest clam abundance, growth and survival are higher in extant clam
gardens beaches than in other beaches; 3) collected zooarchaeological samples to assess
ecological changes in ancient clam gardens; 4) recorded local knowledge about the social
and ecological aspects of traditional mariculture; and 5) dated the construction of ancient
mariculture features. Inter-disciplinary and inter-community efforts are an effective way
to document traditional resource management systems, as well as situating them within
current socio-political and ecological contexts.
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