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MONDAY, MARCH 26, 2007

Panel 1A: The Power of Water: Potential Clean

Energy Sources
Chair: Linda Lyshall

Starting with an overview of how tidal and wave energy works,
potential environmental concerns, and tribal rights, this panel will
oddress issues such as fidal energy in the GBPS region, technology,
regulotory and research issues, fundamental limits to the power potential
of tidal streams, and the utilization of water from streams to produce
hydrogen energy.

Panel Members:
* Daryl Williams, Tulalip Tribe
» Jennifer Hennessey, Washington Department of Ecology
* Craig Collar, Snohomish Public Utilities District
* Dr. Chris Garrett, University of Victoria
» Patrick Cummins, Institute of Ocean Sciences
* Monly Raisinghani, University of British Columbia

Tidal Energy in the Puget Sound

Craig Collar, Snohomish PUD

Roger Bedard, Electric Power Research Institute

Presentation will provide an averview of tidal energy technology ond
application as well os an overview of the challenges and opporiunities
faced by the Snohomish PUD in the face of rapid service area load
growth and the implementation of Renewable Porlfolio Standards. The
presentation will discuss the potential of tidal energy in Puget Sound
from a technological, ecenomic, and environmental standpoint, and will
discuss the current status of Snchomish PUD’s efforts to responsibly study
the tidel energy resource in the Sound.

Fundamental Limits to the Power Potential of Tidal Streams
Chris Garrett, University of Victoria

Patrick Cummins, Institute of Ocean Sciences

The exploitation of strong tidal currents for electricity generalion is
being proposed for many locations in the Salish Sea. Small-scale
installations can be evaluated using stondard formulae and do not
have a significonl impact. As more and mare turbines are added,
however, the flow will tend fo be slowed. Quite apart from the possible
environmental impact of this, it implies an upper bound to the power
available. Simple general theories, supported by detailed numerical
modeling, provide easily opplied formulae for the maximum power
available at any particular location, and for the reduction of flow

that would occur in this maximizing siate. The results differ from many
published evaluations based on erroneous assumptions. Present
medels assume that o fence of tidal turbines occupies the whole cross-
section of a channel, though this might be ruled out by shipping needs,
Preliminary results on the loss of polential caused by partial tidal fences
will be presented. The achievement of optimum configurations, and
determination of environmental impact, will require further collaboration
between engineers, ocean physicists, and other marine scientists. While
tidal stream energy may contribute to our needs, particularly in remote
locations, its limited patential and possible environmental impact suggest
that we should also consider other non-fossil energy sources such as
nuclear power, taking advantage of the sirong tidal currents to provide
a plentiful supply of cooling water.

Tidal Current Energy Technology, Regulations, and
Research

Jennifer Hennessey, Washingion Department of Ecology

The need for clean energy has prompted the development of various
types of turbines designed to capture tidal current energy and transform
it into eleciricity, as wall as various jurisdiclions requesting permits for
installation of turbines. This presentation will explore the various types

of turbines proposed, the current regulatory siructure, and research that
is needed to determine the potential environmental impacts of this new
technology.

The Hydrogen Economy-Utlizing Water From Streams to
Praduce Clean Energy

Monty Raisinghani, UBC

Ovur world hos been dependent on the oil and gas indusiry for decades.
As the Kyoto Protocol becomes a growing concern, industries must do
their part to ensure that the environmental standards are met. Alternative
energy research has been soaring, and companies are frying to find
novel sclulions to the energy crisis facing our world today.

Hydrogen power, is one cf those solutions. Hydragen production
process requires intense amounts of energy input, to attain the final
product. Additionally, with compression at higher pressures, the fanks
become velatile. Hydrogen Power Inc.'s process, however, produces
hydrogen on demand in an environmentally friendly manner. There
are no carbon dioxide or carbon monoxide emissions during the
process, and the hydrogen can be used for everyday applications.
The presentation will consist of an analysis of the process, and how it
benefits from other hydrogen production mechanisms.

As chemical engineers not only are we called upon 1o control @
chemical process, but also to ensure that every process we conduct
is environmentally and economically vigble. It is up to the chemical
engineers of todoy to secure a greener future.

Session 1C: Modeling and Decision Support Tools |
Chair: Julia Bos

Green Infrastructure Assessment Tool Applied to an
Alternative Futures Application

Erik Neatherlin, John Jacobson, John Carleton®, Washington State
Departrent of Fish and Wildlife

Under the auspices of several state laws, including the Growth
Management Act {RCW 36.70A) and the Shorelines Management
Act [RCW 90.58), local governments in the State of Washington are
responsible for making and implementing land use decisions that
accommadate expected growth while limiting environmental impact.
The Washington Depariment of Fish and Wildlife is supporting locel
government planners in these efforts by developing wildlife habitat
svitability assessment tools and providing guidance applicable

over multiple spatial scales. We introduced o Green Infrastructure
Geographic Information System [GIS) assessment tool applied to an
Alternative Futures application within Kitsap County, Washington,
GIS data, including ecoregional assessments, road density, land use/
land cover, priority habitats and species, as well as local empirical
knowledge, were used to produce a map that depicts current wildlife
habitat suitability for the entire county. A process that combined this
suitability map with citizen input and county planned development
information was used to estimate three different alternative futures for
wildlife habitat suitcbility in the Silverdale community watershed.

Linking Lands: Integration of Wildlife Habitat Mapping into
Municipal Policies and Programs

Eloine Anderson™, langley Environmental Pariners Society

Jenyfer Neumann, Patrick Marples, Township of Langley

Over the past 7 years LEPS has been working with the Township of
Langley, all levels of government, as well as community groups to
develop a municipal Wildlife Habitot Conservalion Strategy. From the
outset, the intent of the multi-stakeholder parinership was to identify
habitat in the Township and work with the municipality to identify tools to
protect wildlife habitat. The partnership has been extremely successful.

The entire Township has been mapped using 13 habitat classifications.
A habitat-species databese based on “Wildlife-Habitat Relationships in



Oregon and Washington” {O'Neil et al. 2001) finks habitat types with
species thal use that type of habital. The database indicates that the
Township provides habitat for over 250 species of wildlife.

LEPS is working with representatives from the Township to identify
municipal policies and programs that can be used ta support wildlife
habitat conservation, enhancement, and restoration. Goals include:

* Protection of wildlife habitat patches and connectivity

* Integrafion of habitot protection into policies, ond programs

* implementation progrom to protect wildlife habitat

« Assessment of the financial implications of wildlife habitat protection,
enhancement and restoration

This initiative is an excellent example of how collabaration between
government, non-government organizations, and community groups can
lead to positive changes both on the ground and in govemment policy!

Fergus Creek Integrated Watershed Planning

Jim Dymont”, McElhanney Consulling Services Lid.

Remi Dube, City of Surrey

The Fergus Creek Watershed within the City of Surrey is under pressure
for development and requires environmenlal protection to assure

a viable fish and wildlife presence in the future. The City of Surrey

has proactively undertaken the preparafion of an integrated Plan

to preserve exisling areas while allowing targeted development of
urban and recreational opportunities in the watershed. The Integraled
Plan balances the need to maintain and enhance natural areas while
providing recreationel and urban development opportunities.

Urban planning for largely rural portions of the watershed includes
accommedation for high density housing while protecting habitat,
wildlife corridors, and critical forested areas. Large contiguous green
space areas will provide opportunities to provide wildlife habitat,
riparian stream setbacks and interconnect park areas for recreation.

To accommodate the requirement to maintain stream health, advances
in analysis techniques have lead to a system that provides a quantitative
analysis of both the polential erosion and the availability of aquatic
habitat. A complex set of rainwater BMP's have been optimized for
implementation within the watershed. The optimized systems provided
a reduction in stream erosion potential while maintaining the stream
duration of flows for aquatic habitat and velumetric runoff and reducing
the sediment washoff from the watershed.

Supporting Fish-Friendly Land and Water Resource
Decision Making

Keith Folkerts *, Kitsap County

Hal Beecher, WDFW

Brian Skahill, US Army Corps of Engineers

Terra Hegy, WDFW

Throughout the Puget Sound land and water resource managers

plan for salmon recovery and habitat protection by addressing future
urbanizalion and groundwater withdrawals. Often planning and
development result in direct impacts to sensitive salmon streams. The
timeJag between decisien making and the impact fo the resource can
be decades; the impacts are oflen incremental and appear insignificant.
in Kitsap County these temporal and spatial land use and environmenial
planning issues are being successfully bridged using “clternative
futures” planning process which simulates and assesses future watershed
conditions under verious land use and water use scenarios.

This paper will present how policymakers use the "alternative futures”
planning process fo assess and make important land use and populalion
growth decisions while protecting and conserving salmon and water
resources.

Cumulative Impact Assessments for Shoreline Management
Cinde Donoghue™*, Thurston County Long Range Planning

Anthony Gabriel, Central Washington University, Dept. of Geography
and Lond Skudies Center for Spatial Information

Woashington's Coastal Zone Management Program is implemented
primarily through locally adopted plans and reguletions approved by
the state. The cumulative effects of shoreline development and activilies
must be addressed in the updated local Shoreline Master Programs.
We have developed a conceptual model for systematic quantitative
and qualitative evaluation of the cumulotive impacts resulting from
shoreline modifications and uses as described in the WA State Shoreline
guidelines 173-26 WAC. We address the SEPA/NEPA requirements

to complete Environmenial Impact Statements ond Environmental
Assessmenis for SMP updates. We develope a fromework for
interpretation and use of existing geospatial information and suggest
some preliminary case examples.

Driving Forces, Uncertainty, and the Nearshore: Scenarios
for the Puget Sound Nearshore

Michal Russo®, Marina Alberti, University of Washington

As with coostal ecosystems around the globe, the Puget Sound
nearshors is experiencing increasing degradation due to direct and
indirect impacts of urbanization. While mulfiple strategies have been
proposed fa protect and maintain the current nearshore ecological
functions, we do not know their effectiveness under alternative future
conditions. In the past, planners have relied on predictive models and
visions for crealing management sirategies. However, the major driving
forces currently influencing this region may change and interact in
unpredictable manners to create a suile of plausible futures. Our cbility
to imagine these futures will determine our capacity to plan accordingly.
In this paoper, we present scenario planning as a tool to delineate a set
of planning strategies that seek to protect the Puget Sound Nearshore
ecosystem based on the changing needs of the Region over the next
50 years, This paper highlights the first four steps of the entire scenario
planning process including: selecting a focal issue, identifying driving
forces, ranking importance and uncertainty, and selecting scenario
logics. The results of thirty three expert interviews and o one day
workshop lead to initial scenario sketches and a regional Puget Sound
perspective about where we might be headed.

Session 1D: Fresh Water Quality
Chair: Zita Botelho

Island County’s Surface Water Monitoring Program
Christopher Wilson®, Island County
Paul Adamus, Ph.D., Adamus Resource Assessment, Corvallis, OR

island County, Washington, has begun a 5-year program of monitoring
water quality in streams, lokes, and wetlands of Whidbey and Camaono
Islands. Local funds are being used partly to measure effactiveness of
the Counlty's critical areas protection ordinance and to identify and
reduce pollution potentially exported to Puget Sound. During the first
year, nondidal surface walers in 45 of the County’s 126 small rural
watersheds are being monitored for nutrients, temperature, dissolved
oxygen, coliform bacteria, turbidity, conductivity, hardness, pH, and
{wetlands only} vegetation composition. Many streams How only
secsonally. Inilially, mest walersheds are being sampled at just one
location, generally just above the marine interface. Monitaring in

24 watersheds will be conducted twice monthly each year. Eight of
these watersheds are largely agricultural (mostly pasture), eight have
signficant residential development, and eight are relatively natural.
Other wotersheds will be sampled for shorter periods until nearly all

of the County’s watersheds have been assessed and major sources

of pollution are traced and remedied. Walersheds were prierilized
systematically for menitoring based on scores for valued resources and
pollution risk. Results will be reported regularly beginning next year.
Response actions, including intensified monitoring, will be based on
measured Irends and chronic exceedences of standards.

STTANVd ANV SNOISSdS AYONOW
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Exploring Seasonal Dynamics of Some Antibiotic
Resistance Genes and Antibiotics in an Agricultural
Watershed

Patricia Keen ™, University of British Columbia

Charles Knapp, David Graham, University of Kansas

Ken Hall, University of British Cofumbia

Located in the heart of Georgia Basin is the trans-boundary Sumas
watershed. Recognized as one of the most productive agricultural
regions in British Columbia and Washington State, the watershed has
seen an increase in intensificotion of agricultural activities, especially
preduction of food animals, over recent decades. Increase in livestock
and poultry production is coupled with increased need for veterinary
use of antibiotics. Concern that antibiotic use in agriculture could
impact ecosystem and human health through the development of
antimicrobial resistant strains of pathogens led to this study conducted
in the Sumas watershed between July 2004 and March 2006. During
this period, four tetracycline resistance genes and fourteen antibiotics
used in veterinary medicine were monitored monthly in the Sumas River
receiving environment. Microbiological methods of realfime PCR were
used to measure tefracycline resistance genes and high performance
liquid chromatography tandem mass spectrometry analyses determined
antibiotic residues in samples from various ecosystem compartments.
This paper will discuss the results of the monitoring effort that suggests
the observations are a function of agriculturel point source contributions,
receiving water quality and hydrographic conditions in the region.
Seasonal patterns of the observations appear consistent from year to
year.

Status of Nitrogen, Phosphorus and Potassium in

Lower Fraser Valley Agricultural Soils in Relation to
Environmental and Agronomic Concerns

Orlando Schmid*, British Columbia Ministy of Agriculture and Lands
Grant Kowalenko, Agriculture and Agrifood Canada

Soils within the Fraser Valley of British Columbia are among the most
fertile in Canada supperting a diverse range of agricultural production.
As livestock density has increased, census based nufrient balance
models have pointed towards nutrient surpluses within the region

but there has been a lack of scientific data to quentify soil nutrient
concentrations. A study was undertaken in 2005 to determine soil
nitrogen, phosphorus and potassium status in the Fraser Valley for
establishing baselines and monitoring the effectiveness of government
activities, including the Canada-British Celumbia Environmental Farm
Plan Program.

Scil lesting and analysis methods were already available for agronomic
purposes, but methods for environmental interpretations were limiting.
Residual |after-harvest] sail nitrate has been used for environmental (and
agronomic) assessment but nothing was available for environmental
assessment of soil phosphorus ond potassium. The study included

iwo types of sampling; 1. those to develop analytical methods and
interpretations for phosphecrus and potassium {Phase A) end to examine
the influence of sampling time on residual soil nitrate {Benchmark],

and 2. those lo use the developed methods to examine the relafive
environmental status of nutrients in soils of six geographic zones that
had previously been calculated to have contrasting nutrient balances
[Phase B). All samplings were replicated to distinguish field diferences
from random variability.

Session 1E: Restoration Foliowing Dam and Pier

Removal
Chair: Sorah Brace

Evaluating Recovery Endpoints in a Rocky Intertidal

System
Terrie Klinger *, University of Washington

Determination of recovery following pulse disturbance o marine
communities requires that recovery endpoints be defined. This can be
especially difficult in marine systems characterized by high spatial and
temporal variability. | performed experimental removals in a rocky
interfidal community to evaluate the performance of alternative methods
of determining recovery. | tested whether 1) disturbed plots would
resemble their starting conditions after o recovery period; 2} disturbed
plots would converge with undisturbed {control} plots after a recovery
period; and 3} the abundance of focal taxa in disturbed plots would
fluctuate in parallel with those in undisturbed plots after o recovery
period; ond 4} recovery of focal taxa would indicate community
recovery. Resulls suggest that 1) recovery to pre-disturbance condifions
is not a reasonable recovery endpoint because the systems themselves
are dynarnic; 2) both convergence and parallelism between disturbed
and undisturbed plots is reasonable endpoint ot small spotial scales, but
their performance declines with increasing spatial scale of comparison;
and 3} recovery of focal taxa can occur in the cbsence of community
recovery, suggesting that taxon-specific endpoints are less robust than
community-level endpoints.

Tracking Nearshare Habitat Recovery After Removal of
Overwater Dock Structures

William Taylor *, Jennifer Hayworth, Taylor Associates, Inc.

Jomes Shannon, David Evans and Associates

In February, 2006 the Port of Seattle removed 1.3 acres of an aged
dock in the East Watarway of the Duwamish River. The Port of Seatile
was interested in documenting the nearshore habitat recovery ofter
remaving the existing dock structure. The Port of Seattls hired Taylor
Associates, Inc. (TAl} to conduct an assessment of the physical and
biological effects of the dock removal. The objectives to support this
assessment included:

1. Collect physical hobitat data at control and impact sites.

2. Collect biological data at control and impact sites.

The impact sites included the newly removed dock area {Dock removal
2006), and a second dock removed in 2000 {Dock removal 2000}. A
control site was also sampled. Data collection methods were duplicated
for each of the three site and included four methods:

1. Substrate and vegetafion (macrophyte] menitoring transects

2. Water temperature and light intensity data loggers

3. Epibenthic invertebrate sampling

4. Insect fall-out traps

Visual observations confirm the Dock removal 2000 site has abundant
macrophytes and the beginnings of a vegetated backshere. The Dock
removal 2006 site had no macrophytes or vegetated backshore.
Ironically, initial benthic invertebrate results indicate greater numbers of
harpacticoid copepods in the Dock removal 2006 site. The site with
more abundant macroalgae did have more corophium amphipods,
however.

Nearshore Fish of the Strait of Juan de Fuca- Implications
for Removal of Elwha Dams

Joshua Chamberlin®, Kurt Fresh, Anna Kagley, NOAA Fisheries, NWFS
C,Seattle, WA

Larry Ward, LEKT, Port Angeles, Wa

Nikki Sather, Qregon State University/Batielle, PNNL Sequim, WA
Mindy Rowse, NOAA Fisheries, NWFSC, Seattle, WA

Removal of two dams along the Etwha River, scheduled to begin in
2009, is expected to help restore natural sediment processes fo the
estuary and nearshore near the mouth of the river. Understanding the
potential effects of increasing sediment in the nearshore is an essential
part of evaluating biclogical responses to dam removal. Since 2006,
we have been collecting data on nearshore fish communities at sites
in the eastern ond central Strait of Juan de Fuce from Discovery Bay
to Crescent Bay. Sites were sampled on o monthly basis, as weather
and tides permitted, using @ 32m Puget Sound beach seine between



April and Septembe:. Overall 36 species were identified including four
species of Pacific salmon, steelhead trout and cutthroat frout. We found
wide distribution of several salmon species, juvenile ling cod, and oll fife
stages of surf smelt. Pink salmon were the most cbundant of the salmon
species. We also found evidence that multiple spawnings of surf smelt
were occurring in the same oreas. Information collected during this
study will provide a baseline to track the effects of dam removal on the
distribution and abundance of nearshore fish communities and aid in
future dam removal assessments.

Elwha River Dam Removal: An Update on Collaborative
Menitoring Efforts

Sarah Moriey®, NOAA/NMFS/NWFSC

Jefirey Duda, Western Fisheries Research Center, USGS

Michael McHenry, Lower Eiwha Klallam Tribe

George Pess, Northwest Fisheries Science Center, NOAA

Holly Coe, frank Orth and Associates

Timothy Beechie, Northwest Fisheries Science Center, NOAA

Bill Eoton, Peninsuia College

Martin Liermann, Northwest Fisheries Science Center, NOAA

The impending removal of two lorge dams from the Etlwha River on
Woashington State’s Olympic Peninsula offers a unique opportunity

to study ecosystem restoration at a watershed scale. Numerous
government and academic agencies have parinered with the

Lower Elwha Klallam Tribe to collect critical boseline dota prior to

dam removal. This mulidisciplinary monitoring effort is focused an
understanding whot impacts the two dams have had on the Elwha

River ecosystem and on formulating testable hypotheses regarding river
response fo dam removal. Above the dams, the absence of anadromous
fish has contributed to decreased marine-derived nutrient subsidies and
changes to periphyton and benthic invertebrate assemblages. Below
the dams, curtailed wood and sediment delivery has led to decreased
channel movement, habitat complexity, and diversity of loodplain forest
age. Current salmon populations below the dams have been greatly
reduced from historical levels ond are largely hatchery dominated.
Following dam removal, many of these impacts are expected o persist
and perhaps even worsen in the near term as sediment stored behind
the dams moves through the system. The extended timeline predicted for
ecosysiem recovery highlights the need for longterm monitoring in the
Elwha River Basin,

Eelgrass Mapping of the Elwha Nearshore
James Norris*, Marine Resources Consulfants

lan Froser, Marine Resources Consultonts

Anne Shaffer, Washington Depcriment of Fish and Wildlife
Cathy Lear, Clallam County

The goal of this project was to gather pre-dam removal nearshore
habitat data along the “Elwha Shoreline” by mapping the location,
extent, depth, and patchiness of eelgrass (Zostera maring) from the
west end of Freshwaler Bay to the fip of Ediz Hook. Our methods
were idenfical to the underwater videographic methods used by the
Washington State Depariment of Natural Resources Submerged
Vegetation Monitoring Projecl. We observed three eelgrass beds
within the study area: one along the north shore of Ediz Hook and
two in Freshwater Bay. No eelgrass was observed within 1 nm of the
Elwha River mouth. The dominant feature of the nearshore habitat
was understory kelp and large schools of juvenile Pacific sand lance
{Ammodytes hexapterus). The project, funded by the Claliam Marine
Resources Committee [MRC], is part of o multi-disciplinary effort to
understand and optimize the nearshore restoration associated with the
upcoming dam removals.

S‘ession 1F: Impacts of Human Population

Growth On the Ecosystem
Chair: Charlie O'Hara

When Concerned About Toxic Stormwater Pollutants in the
Built Environment: Sweep Before You “Treat”

Roger Sutherland™, Pacific Water Resources, Inc.

Gary Minton, Resource Planning Associates

There is strong momentum towards the treatment of stormwater with

wet ponds, swales, sand filters, and other structural devices. While
treatment devices have their place, in new developments and ceriain
relrofils, jurisdictions should first consider the establishment of o cost
effective pavement cleaning program 1o reduce toxic stormwater
pollutant contributions from existing urban lands. Studies completed

by the senior author clearly establish that the most costeffective BMP
from o stormwater sediment and toxic pollutant reduction standpoint
ond therefore the first BMP to consider is street sweeping. In fact,

with the highly effective newer machines, whether those are vacuum,
regenerative air or mechanical, the practice should now be called
“street cleaning”. Where treatment devices currently exist, street
cleaning will improve their overall performance and reduce their
maintenance requirements and associated costs. It is not a question

of whether povement cleaning will improve water quality, but of

how to most effectively use limited public doliars to obtain the most
pollutant reduction benefit. The paper will provide an overview of: the
origin of the urban myth that cleaning streets is not an efective BMP,
demonsiraled improvements in stormwater quality due to street cleaning,
other on-going street sweeping pilot projects, how sireet sweeping
pollutant removal unit costs compare to structural BMPs, and how a cost-
effective cleaning program can be developed.

Quantification of Peak Season Marine Vessel Traffic
Pressure in the San Juan Islands

Jeffrey Dismukes®, San Juan County

Jonathan Riley, Western Washinghion University

Dovid Wolker

The marine waters surrounding the San Juan Islands appear to
communicate high levels of vessel traffic, especially during the sunny
summer days of peak vacation season. This perception is corroborated
by several factors: 1. international commercial shipping lanes serving
two major North American porls; 2. Alaskan Marine Highway,
Washington State and several international ferry routes; 3. a plentiful
sport and commercial fishery with 4 major game fish providing year
round opportunities; 4. an extiremely popular yachiing ond pleasure
cruising environment featuring several noture parks accessible only by
water; and, 5. Orco pods and numercus seafoul rookeries providing
very appealing on-water tourist alractions. However, prior to this study,
there have been no published atiempts to quantify vessel pressures in
the San Juan Islonds. In this pilot study we develop methods for deriving
statistics on vessel traffic utilizing spotters and digital photography from
fixed wing over{lights during the peck tourist season {August-September
2006). Samples were stratified by weekend/holidoy days and week
days. Dala was collected for 4 week days and @ weekend/holiday
days. Results indicate average total of 253 vessels on water at any
given daylight time for weekend /holiday days and 659 for week days.
Vessels were also identified by general type as: power, sail, commercicl
fishing, cargo and ferry. Rough location markers were plctted in a GIS
yielding relative concentration gradients.

Urbanization, Private Property Rights, and The Fate of
Coho Salmon Habitat in Puget Sound

Alex Uber®, Woshingfon State Department of Fish and Wildlife

Jennifer Trunkey, Antioch University, Seatle WA

Puget Sound coha salmon {Oncorhynchus kisutch), which cre dependent
on perennial first, second, and third order streams for reproduction and
survival are in dacline, and are currently listed as o &species of concern’
under the US Federal Endangered Species Act. Urbanization of the
Puget Sound lowlands (PSL) has contributed greatly to the decline of
these fish. Development and growth is occurring throughout the PSL and
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the vast majority of coho salmon habitat exists on privately owned lands.

Public awareness of, and support for the concept of protection and
restoration of salmen haobitat is generally high in the Puget Sound
areo. However, as government agencies increasingly rely on private
landowners for the conservation of salmon habitat, and as protective
regulations are imposed on these landowners, an organized resistance
movement has been fostered that demands monetary compensation
for davelopment and other private property rights lost to government
regulation of private lands. The colliding rends of increasing human
population growth, declining coho populations, and increasing
resistance to government regulation of privately owned lands in the
Puget Sound basin must be reconciled if coho salmon decline is to be
reversed.

Effectively and Efficiently Meeting Multiple Local
Jurisdiction Resource Protection Mandates through
Landscape Characterization

Stephen Stanley*, Washingion State Department of Ecology

JeFf Chalfant, Whatcom County Planning Depariment

Susan Grigsby, Washington Department of Ecology

Dick Gersib, Washington Department of Transportation

Harriet Beale, Puget Sound Action Team

Krista Mendelman, U.S. Environmental Protection Agency

Douglas Peters, Washington Community Trade and Economic
Development

Joanne Schuett-Hames, Washington Department of Fish and Wildlife
John Carleton, Washington Depariment of Fish and Wildlife
Whatcom County, in a parinership with Federal and State resource
agencies, is developing o watershed-based management plan for

the Birch Bay watershed. This innovative effort attempts to develop o
unified approach for characterizing, analyzing and developing a local
plan that sustains nalural resources and addresses storm water while
accommodating population growth. The effort will: 1) offer statewide
watershed characterization tools and analysis methods that are tested
and applied ot a local level by a local government; and 2) demonstrate
how watershed-based planning improves local planning and decision-
making, reduces workload and cost, and increases predictebility while
meeting multiple mondates and impreving the health of local end
regionol ecosystems

The Birch Bay management plan uses on integrated set of watershed
characterization tools that are applied from landscape to site scales.
This includes assessment and analysis of watershed processes and fish
and wildlife needs at the landscape to sub-basin scales, and wetland
functions at the site scale. The resulting series of characterization and
synthesis maps demonsirate the most appropriale areas for protection,
restoration and development. This information is incorporoted into
development standards and regulatiens that guide future development
more effectively than site based environmental review and permitting.

McKee Peak: Development Planning in Consideration of
Ecological Sensitivities

Caroline Astley*, Madrone Environmental Services Lid.

Darren Brown, City of Abbotsford

In early 2005 the City of Abbotsford retained Madrone Environmental
Services Lid. to camplete Terrestrial Ecosystem Mapping (TEM) and a
rare element survey of the McKee Peak Planning Area in Abbotsford.
Located at the southwest end of Sumas Mountain, McKee Peak
represents an excellent example of undisturbed deciduous and mixed
forest. The area provides habitat for ot least 21 threatened and
endangered plant, animal, and invertebrate species, including Phantom
orchid (Cephalanthere austinige), Pacific Water Shrew (Sorex bendirii)
and Cregon Forestsnail {Allogona townsendiana).

There has been a great deal of public concern in regards to the
development of McKee Peak, specifically os development pertains to

environmental impact. However, the majority of McKee Peck is privately
owned. Real estate markets are driving the value of land in the Froser
Valley to astronomical levels and there is increasing pressure on the
landscape as land owners sell, subdivide and develop to maximize their
investmenlts. Recognizing that McKee Peak is a valuable environmental
asset, the City of Abbotsford took the initiative to identify the most
sensitive areas of the Peak. Knowing where the most important habitat is
located, will guide neighbourhood planning and ensure that habitat for
rare spacies is considered.

Treatment of Ballast Water: Good Possibilities or o Pipe
Dream

Russell Herwig*, leffery Cordell, David Lawrence, University of
Washingion

Naon-indigenous aquatic species are transferred around the world in

the ballast water of ships. The only “lechnoiogy” presently evailable

is midccean ballast water exchange. Ships planning to discharge
ballast must exchange their ballast with water coliected ot least 50 or
100 miles from shore. Our research leam documented the presence

ol large numbers of non-indigenous and nearshore zooplankton in

the ballast of ships that reported @ mid-ocean exchange. In recent
years, several different Ireatments were examined in experiments
performed in bench to fullscale shipboard tests. The University of
Washington has participated in tests of ultraviclet light, SeaKleenA,
ozone, elecirolytically produced sodium hypochlorite, and a sequential
filtration and UV light system. DiHerent reatments have different positive
and negative attributes. Pending legislation and regulations have
established standards that permit very low numbers of organisms in
ballast water discharge. For example, proposed International Marilime
Organization (IMO) regulafions permit 10 or less viable organisms that
are between 10 and 50 um in their minimum dimension in 100 ml of
ballast water. For organisms 250 pm, 10 are permitted in a cubic meter.
The limits proposed for the different size fractions of organisms are very
challenging for treatment technologies to achieve and the numbers

are much less than what would be expected in ballast water that is
exchanged in the middle of the ccean

Opening Plenary Session

Welcome and Introduction from the Co-Chairs
Justin Longo, Conference Co-Chair, Environment Canada

First Nations Welcome
Chief Leoh George-Wilson, Tsleil-Waututh Nation

Welcome from the Co-Hosts

Pradeep Kharé, Regional Director Generol, Environment Conado
Elin Miller, Regional Administrator, Environmental Protection Agency
Region 10

Keynote Address: Dr. Daniel Pauly, University of British
Columbia Fisheries Centre

“The Mille-feville Between Science and Decision Making: How Scientists
Need to More Effectively Engage in Politics ond Society”

Panel 2A: Puget Sound Partnership-the Path to a

Healthy Sound by 2020
Chair: Kathy Fletcher

Governor Gregoire charged her Puget Sound Partnership with
recommending the necessary ingredients of an effort to restore Pugel
Sound to health by the year 2020, addressing the aclion agendq,
funding, science, pubiic involvement, and how to structure the effort. The
Partnership made its recommendations to the Governor in November
2006, in time for the Governor's recommendations to the 2007 session
of the state legislature. What was recommended, where does it stand,



what remains to be done2 What are the key ingredients for a successhul
effort to restore the health of Puget Sound and the Georgia Basin? Did
the Partnership {and the lagislature) get it right? What are the most
urgent action items to restore Puget Sound’s health by 20202 This panel
will also address other efforts at iransboundary ecosystem management
in the Salish Sea.

Panel Members:

* Brad Ack, Executive Direclor, Puget Sound-Action Team and co-
manager of Governor’s Puget Sound Portnership

* Josh Baidi, Special Assistant to the Director of the WA Department
of Ecology

s Jay Manning, Cochair Puget Sound Partnership

* Rod Dobell, Emeritus Professor of Public Policy, University of
Victoria Centre for Global Studies and former President, Narth
American Institute - Canado

* Digna Gale, Faculty, Deniel J. Evans Graduate School of Public
Afairs, University of Washington, and cansuitant on governance lo
the Governer’s Puget Sound Parmership

Session 2B: Salmonid Habitat Use and Recovery
Chair: Fred Goelz

The Early Bird Might Get the Worm, but the Early Sockeye
Gets Wormed: Mechanisms and Consequences of Early
Freshwater Entry by Fraser River Late-Run Sockeye
Salmon.

Scoft Hinch, University of British Columbia

Michae! Cooperman™, University of British Columbia

Steven Cooke, Carleton University

Glenn Crossin, University of British Columbia

van Olsson, University of British Columbio

Kyle Hanson, Carleton University

Anthony Farrell, University of British Columbia

Dovid Paterson, Fisheries and Oceans Canada

Karl English, LGL Limited Environmental Research

David Welch, Kintama Research Corp

Rick Thomson, Fisheries ond Oceans Canada

Mark Shrimplon, University of Northern British Columbia

Glen Van Der Kraak, University of Guelph

Kristi Miller, Fisheries and Oceans Canada

The Fraser River is the most productive salmen river in Canade, and
sockeye care the most economically important salmon in the watershed.
Prior to 1996, populations of the Fraser's laterun sockeye complex
were unique in that upon arrival in the Strait of Georgia they milled
within the estuary for several weeks prior to entering the Fraser and
proceeding to spawning grounds. Since 1996, large proporlions

of laterun sockeye have entered the Fraser without holding in the
estuary, resulting in pre-spawn mortality rotes upwards of 95% tor
early-entry fish. Causes for the mal-adaptive shift in freshwater entry
timing are unknown. In 2002, we initiated o mulli-year interdisciplinary
{ecology, physiclogy, oceanography, genomic) research program to
explore the causes and consequences of early entry. We combine

field collections, experimental manipulations, and telemetry tracking to
test how individual physiological condition corresponds with timing of
river entry and ultimate fate. Initial findings indicate early entry laterun
sockeye are characterized by unusual ionic, osmotic, and energefic
states, and that advanced sexual maturation appears incompatible with
survival in marine waters. Our efforts should yield a predictive model of
sockeye migration behavior and survival, which should encble rescurce
managers to optimize management and conservation of these important
runs.

Puget Sound Bull Trout Estuarine and Marine Habitat Use

- What Have We Learned After Five Years of Study
Fred Goetz*, U.5. Army Corps of Engineers

Eric Jeanes, R2 Resource Consultants

Ed Connor, Seatile City Light

Russ Ladley, Puyallup Tribe

Chuck Ebel, US Army Corps

Reginald Reisenbichler, Steve Rubin, Michael Hayes, US Geclogical
Survey

Bull trout [Salvelinus confiuentus) are known as an apex predator in the
rivers and streams of the Pacific Northwes!. They are also one of three
federally listed fish spacies that are found in the estuarine and marine
waters of Puget Sound and the Pocific Coast of Washington.  Until
2001 there had been no monitoring or study of these large migratory
fish in marine waters of Puget Sound or British Columbia. In 2002 we
began a multi-year study of bull trout in all rivers and estuaries of the
Puget Sound Distinct Population Segment where bull trout ore known
to spawn and rear. Our work hos focused on estuarine and marine
behavior and habitat use of larger juveniles and adults. We use
acoustic felemelry, transmitters that emit a caded signal and receivers
that detect and record the signal, to follow these mobile animals. To
dote we have tagged over 250 fish with acoustic tags and have
developed a raceiver network thal covers much of the eastern Puget
Sound shorelines ond estuaries. We will describe estuarine and marine
habitat use of bull lrout over the past 5 years of study.

Salmon Recovery Initiatives by the Squamish Nation
Bettina C. Sander*®, Golder Associates Lid.

Randoll W. Lewis, Squamish Nation

Melissa Evanson, Golder Associates Lid

The Squamish Nation is deeply tied and connected to the land and
waters that encompass their troditional territory and fishing is vitolly
imporiant to the Squamish culture. As such, the Squamish Nation has

a vital interest in management of the fishery and has been instrumental
in driving a number of inifiatives in the watershed. These are reviewed
herein and include: an annual salmon spawner enumeration program; a
salmon recovery plon, and a stock assessment framework. Throughout
these processes the Squamish Mation has developed successful
partnerships with community orgenizations and government agencies to
assist with the long-term goal of salmon recovery in the Squamish River
Watershed.
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Movement and Behavior of Steelhead {Onchorhynchus
mykiss) S5molts Through Hood Canal

Megan Petrie*, NOAA/NMFS/NWFSC

Skip Tezak, NOAA Fisheries

Barry Berejikian, NOAA Fisheries

Unexplained declines in Hood Canal and Puget Sound steelhead
populations have been detected in the last 10 to 20 years, and have
been shown to contrast markedly with the relatively stable condition

of populations along the Washington and Oregon coasis. This
discrepancy between the health of Coastal as opposed o Puget Sound
steelhead populations indicates that nearshore smolt migration may
constitute a major ¢cause of mortality. Acoustic telemetry was used

to investigate survival, migration timing, and migratory behavior of
steelhead smolts from four Hood Canal streams and one Strait of Juan
de Fuca stream. Estimated survival rates for wild smolts from river
mouths to the northern end of Hood Canal was 71% for Skokomish,
67% for Dewatto, and 85% for Big Beef Creek, and 746% for hatchery-
reared smolts released into the Homma Homma River. Residence

time and migration patierns within Hood Canal were highly variable
within and among populations. The extended duration of residence

in Hood Canal exhibited by some fish suggests that it may provide
growth opportunities and function as more than simply o migration
corridor. Receivers positioned in nearshore habitats did not detect a
disproportionately large number of migrenis. Cetailed knowledge of
steelhead survival and patterns of nearshere habitat use not only aid in
determining causes of population decline, but also help define extinction
risk and recovery actions for this potentially ESA-listed species.
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Puget Sounda Cutthroat Trout Marine Migration and Habitat
Use

Fred Goetz*, U.5. Army Corps of Engineers

Sarah Haque, Evergreen State College

Scott Stelizner, Squaxin island Tribe

Skip Tezak, NOAA Fisheries

Thomas Quinn, University of Washingfon

Eric Jeanes, R2 Resource Consultants

Kyle Brakensiek, Chris Ellings, Joe Jouquet, Sayre Hodgson

Coastal Cutthroat trout {Salmon clarki clarki) are an anadromous
salmonid found throughout the marine waters of Pugetl Sound. They are
more widely disiributed in streams and rivers than any other salmonid
in Puget Sound. They are also highly sought affer by recreational
fishers in rivers and estuaries. Even wilh their widespread presence
these fish are one of the least studied salmonids in the waters of Puget
Sound. We have begun a multiyear study of the behavior and habitat
use of cutthroat trout in the Puget Sound. We use acoustic telemetry,
transmitters that emit a coded signal and receivers that detect and
record the signal, to follow these mobile animals. We are studying all
marine life-stages including smolts, sub-adult and adult cuithroat. Qur
study areas include Shilshole Bay in Central Puget Sound, South Puget
Sound marine shoreline areas, Big Beef Creek and shoreline areas

of Hood Canal, and the Skagit River delta and Skagit Bay. We will
present preliminary information on the first 1 £ years of our lelemelry
study. This work is a companion to a multiyear study of Puget Sound
bull trout. We hope the work in this study along with study of bull trout
will help inform planners and biologists of the full scope of salmonid
habitat use of nearshare marine areas.

Comparison of Juvenile Salmon Diets in the Strait of
Georgia and Puget Sound 1997-2006.

Ruston Sweeting, Richard Beamish, Chrys Neville*, Fisheries and
Oceans Conada

Juvenile Pacific salmon {Oncorhynchus spp.) enter the ocean in

early spring/summer. In the Strait of Georgia and Puget Sound, they
generally spend several weeks to months rearing before migrating to
other areas. During this fime, growth and predation avaidance are
the major priorities, and interspecific competition for food could be a
limiting factor in successful migration and/or overwinter survival. This
report will present the results of 10 years of summer {luly) and fall
(September) surveys in Puget Sound and the Strait of Georgia, during
which stomach data was collected for several thousand juvenile coho
(O. kisutch), Chinook (O. tshawytscha), and chum [O. keta) salmon. In
addition to examining similarities and differences in dietary preferences,
the influence of size, season, and environment will be discussed.

Panel 2D: Climate Change: The IPCC Fourth
Assessment Report and Implications for the
Salish Sea

Chair: James Tansey

The Intergovernmental Panel on Climate Change has undertaken

its Fourth Assessment Report. This panel will provide an overview of
the IPCC Fourth Assessment Report and will moke observations on
the possible implications for the Salish Sea. The panel will address
mitigation efforts, but will also oddress adaptation through landscape
and ecosystem based management, cltered policy and regulation.

Panel Members:

* Hadi Dowlatabadi, CRC Chair, Institute for Resources, Environment
and Sustainability, University of British Columbia

* Alison Shaw, Research Associate, Forestry, at University of British
Columbia

» Sarah Burch, PhD Candidate, Institute for Resources, Environment
and Sustainability, at University of British Columbia

* Mark Johannes, University of Victoria and Golder Associates Lid.

* Nate Montua, University of Washington - Climate impacts Group

How Can We Adapi? Lessons From Pacific Salmen on the

Impacts of Climate Change.
Mark Johannes, Golder Associates, University of Victoria

| present same of the important issues and lessons from Pacific

Salmon to be learned on impact and adaptation responses to

climate change in the Puget Sound and Georgia Basin. To improve
predictions of climate change “impacts” on future resource use,
management and conservation acfivities will require more effort and
greater refinement of climote scenarios. As an immediate respense, o
second “adaptation” approach can be used to reduce risk and help
capitalize on ¢conservalion and biodiversity inifiatives by assuming and
preparing for adverse effects of climate change; this approach defines
vulnerability to climate change and develops anficipatory adaptation
in management and conservation of important plants, animals and
ecosystems in Canada. Adaptation to climate variability and change
can be used to adjust perspectives, practices, processes, management
and statutory and legal systems based on projected changes in climate.
Early edaplation to climate change can assist in adjusting human and
community expectations to sustainable resource use and development,
and protection of habitats, ecosystems and sensitive species in the
context of communities within the Puget Sound and Georgia Basin,

Seasonal, Interannual and Interdecadal Scales of
Variability in Puget Sound Oceanography and Climate
Stephanie K. Moore, Nothan J. Mantua, Jonathan P. Kellogg, Mitsuhiro
Kawase, Jan A, Newton, University of Washington

The influence of climate on Puget Sound oceonographic properties is
investigated on seasonal to interannual fimescales using continuous
profile data from the Washington State Department of Ecology’s Marine
Waters Monitoring Program for the time period 1993 to 2002, Principle
component analysis identified indices representing 42, 58 and 56%

of the total variability at depth-station combinations for temperature,
salinity and density variability, respectively, and 22% for water column
stratification. Long term records of sea surface temperature and salinity
from Race Rocks were used to extend the time series of the leading
principal components to 1950 and ollow for an examination of
relationships with climate on interannual to interdecadal timescales. In
general, regional climate forcings strongly influence oceanographic
properties with significont relationships between air and water
temperature, and between streamflow, salinity and density. Large scole
patterns of climate variability such as El NiQo/Southern Oscillation and
Pacific Decadal Oscillation, also significantly influence oceanographic
properlies but relafionships are less pronounced than those with
regional factors, and exist only during winter and fall. By providing
insights into the space-time patterns of physical oceanographic

changes in Puget Scund this study contributes towards an enhanced
understanding of linkages between climate, oceanography ond the
frequency, duration and magnitude of harmful algal blooms.

Session 2E: Seafood Safety and Human Health |
Chair: Joe Gaydos

Human Health Evaluation of Puget Sound Fish

Joan Hardy™, Gary Palcisko, Washingtan State Department of Health
Woashington Department of Heolth conducted a humon health
evaluation of contaminants in Puget Sound fish. Over 100 contaminants
were measured in muscle fissue [without skin) from English scle, four
rockfish species, and two salmon species. DOHM concluded that wo
contaminants were of potential public health concern: polychiorinated
biphenyls (PCBs) and mercury.

Based on contaminant concentrations in fish and on estimates of
consumption by recreational anglers, tribal members, and consumers
of fish from the Asian Pacific Islander community, DOH determined that



frequent consumers of certain Puget Sound fish may be exposed 1o
contaminants above a level of concern. DOH considered risks, benefits,
and data uncertainlies when providing meal advice for anglers and
other consumers.

No meal restrictions were necessary for English sole (flatfish) from non-
or near-urban areas of Puget Sound. DOH recommended one rockfish
meal per week unless otherwise noted for urban areas. Puget Sound
Chinook had higher levels of PCBs and mercury than cohe, resulling in
a recommendation of one meal per week. Additionally, those eating
Chinook salmon from the Puget Sound winter fishery {blackmouth) were
advised fo limit consumption to two meals per month. Puget Sound coho
salmon were relatively low in contaminants. A list of low contaminant
fish, including those from the market, was created to assist consumers in
making healthy selections.

A Survey of Cadmium in Pacific Oysters: Spatial
Distribution, Influencing Factors and Ways to Minimize
Concentrations

Aimee Christy*, Pacific Shelifish Institute

lan Stupakoff, integral Consuliing Inc.

Rosclee Rasmussen, Oregon State University Seafood Lob

Cadmium (Cd} is a toxic frace metal known to bicaccumulate in
molluscan shellfish, particularly Pacific oysters [Crassostrea gigos. )
Over the past few years, several shipments of Pacific oysters from

Puget Sound and Canada have been rejected by Hong Kong for
exceeding the 2 ug/g import standard. This study evaluates the spatial
distribution of Cd concentrafions in Pacific oyster lissue harvested from
31 commercial, recreational and tribal shellfish growing areas located
throughout Puget Sound and Washington Siate coastcl estuaries.
Findings indicate that a weak spatial trend exists with ayster Cd levels
increasing in a northward and seaward direction with the excepticn

of consistently elevated ievels along the length of Hood Conal. Cd
concentrations from 92 oyster composites ranged from 0.44 o0 2.5
ng/g with o state-wide average of 1.24 +0.57 ug/g. Seventsen
percent of compasiles exceeded Hong Kong's 2 1Lg/g import standard.
Factors influencing the spatial distribution of Cd in oysters (water quality,
sediment chemistry, seasonality) will be discussed as well as ways to
minimize tissue concentrations (site selection, time of harvest, grow-out
method, processing technique), having practical implications for growars
and harvesters throughout Georgia Basin and Puget Sound.

Assessment of Trace Metals in Tissues of Geoduck Clams
from Eastern Puget Sound

Tom Ostrom, Suquamish Tribe

Paul Williams, Suquamish Tribe

Gory Paleisko®, Washingtor State Department of Health

The Suquamish Tribe and the Washington State Department of Health
recently parinered to assess the conceniralions of trace metals [As,
Cd, Cr, Pb, and Hg) in the tissues of geoduck ciams harvested from
the Richmond Beach tract, located between Edmonds and Seattle,
Woashington in eastern Puget Sound. The purpose of this assessment
was to evaluate the human health risks associated with consumption of
geoducks from this area of Pugel Sound. Evoluoting the human health
risks associated with contaminants in fish and shellfish tissue requires
that samples be processed in @ manner consistent with how they would
be prepared by consumers. Considering the preparation practices

of end consumers, geoduck fissues from 60 geoducks collected from
the Richmond Beach tract were segregated into three paris: gut ball
{viscera), neck/strap (siphon and mantle], and the outer skin of ihe
siphon. Gut balt and neck/sirap tissues from each geoduck were
seporately analyzed for tolal As, Cd, Cr, Pb, and Hg. A subset of
tissues from the outer skin of siphons wos also onalyzed. In general,
trace metal concentrations were highest in the outer skin, and lowsst
in the neck/strap. The results from this study have helped to explain
inconsislent results amang past studies and suggest some important

considerations in future studies of geoduck tissues, particularly when the
objective is the assessment of human health risks.

Results and Discussion of the Swinomish Health Risk
Assessment of Contaminated Seafood

Jamie Donatuto *, Swinomish indian Tribal Community

Barbara Harper, AESE inc., and Confederated Tribes of the Umatiila
Indian Reservation

This presentation will summarize the Swinomish Indian Tribal
Community’s Bioaccumulative Toxics in Native American Shellfish
Project. The project, initicted in 2002, hypothesized that Swinomish
people are exposed to low level, bioaccumulative foxics when gathering
and consuming local shellfish. Results will be presented from the human
health risk ossessment of two species of clams, associated sediment, and
Dungeness crab, which were tested for heavy metals, organotins, PCBs
(both aroclors and the WHO list congeners), chlorinated pesticides,
polyaromatic hydracarbons, and dioxins/furans. The presentation will
also discuss shortcomings of the current risk assessment methodology,
data gops and uncertainties, and provide more culturally appropriate
alternatives to remady some of these faults. Other lopics to be touched
upon include: the use of tradifional harvesting techniques in sompling
procedures, and culturolly competent mitigation options, outreach

and education efforts. The project was funded by U.S. EPA grant #R-
829447

Science, Policy and Practice: Washington’s PBT Chemical
Action Plans

Robert Duff*, Department of Health

Michael Gallagher, Department of Ecology

Maria Peeler, Department of Ecology

Joanne Prade, Department of Health

There are currently about 80,000 registered chemicals in the US, and
1,500 new chemicals are registered each vear. A small class of these
chemicals, called “persisten! bicaccumulative texics (PBTs), present o
parficular problem because:

+ PBTs remain in the environment for a long time {Persistent),

* People and animals accumulate PBTs in their bodies
(Biooccumulative).

* PBTs threaten human health and the environment. New information
points to risk to children’s healthy development, since some PBTs harm
the central nervous system, as well as cause reproductive and other
problems {Toxic).

* PBTs readily migrate between our air, land and water

Public concern is increasing regarding exposures by children to
PBTs. Children are more susceptible to PBT exposures since they are
still undergoing growth and development of their bodies and brains.
Children are closer to the ground and have greater “hand-to-mouth”
behaviors. Many PBTs are present in breast milk, which results in
additional loading of chemicals during infancy.

Special efforts to bring together the best science, the most meaningful
policy and effective public health education practice are required to
oddress the sericus problems that PBTs pose. In 2000, the Washington
State Depariment of Ecology (Ecology) drafted the nation’s first PBT
reduction sirategy. Since that time, Ecology has parinered with the
Washington State Department of Health {DOH) to create and implement
chemical action plans for Mercury {2003) and PBDEs [2004) and to
develop rules for PBTs in Washington. In addition, Ecology has adopted
the nation’s first PBT regulation,

Next steps call for Ecology and DOH to develop chemical action
plans for lead in 2007, polyaromatic hydrocarbons in 2008 and
perfluorooctane sulfonates in 2009. However, a much greater
challenge is that current US chemical policy has resulted in:

» a lack of data on chemicals in commerce;

* high burdens for agency action;

* afocus on review of new chemicals withoul adequate attention to
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existing chemicals; and
¢ chemical by chemical approach to chemicals management that is
slow and cumbersome.

There has also been relatively litile attention paid to chemicals in
products. Due 1o these limitations, many efforts to reduce and substitute
chemicals are largely voluntary and dependant on the willingness of
industry and commerce to participate.

Cryptosporidium and Giardia Species in Marine Wildlife:
Do they Present a Risk to Human Health?

Joseph Gaydos®, SeaDoc Sociely, UC Davis Wildlife Health Center
Woutrina Miller, UC Davis Wildlife Heolth Center

Kirsten Gilardi, SeaDoc Society, UC Davis Wildlife Health Center
Christine KreuderJdohnson, UC Davis Wildlife Health Center

Patricia Conrad, UC Davis Wildlife Health Center

Ann Melli, UC Davis School of Veterinory Medicine

Heather Zornetzer, UC Davis School of Veterinary Medicine

Steven Jeffries, Washingtor Department of Fish and Wildlife

Manique Lance, Washington Department of Fish and Wildlife
Cryptosporidium and Giardia species are protozoal pathogens that
infect humans, domestic animals and wildlife. Historically they have
been thought of as terrestrial and hreshwater pathogens but their
infective stages can survive in marine waters for up fo a year and

be concentrated by filter feeding bivalves. Little is known about the
epidemiology of these pathogens in marine ecosystems, especially

the role that marine wildlife could play in their transmission. We tested
harbor seals, marine-foraging river otters, and hybrid glaucous-winged
/ western gulls, three common marine wildlife species in the Georgia
Basin / Puget Sound, for infeclion with Cryplosparidium and Giardia
species. Giardia cysts were defected in 4% of gull samples [n=78),
19% of river otter samples {(n=57], and 43% of secl samples (n=99).
Fourteen posifive seal samples were amplified by PCR and confirmed
as G. lamblia. Three were from one site and were identitied as the G.
iamblia dog genotype, suggesting iransmission to seals from coyotes or
domesiic dogs. Sequences from the other eleven samples represented o
novel G. lamblia genotype. Cryptosporidium sp. oocysts were detected
in 7% of river otters sampled but not detected in gulls or seals. The one
amplified ofter sample was most similar to the ferret genotype of C.
parvum. Marine wildlife shed Cryptosporidium and Giardia species

in the Puget Sound region but preliminary data kailed to identify the
genotypes most commonly infecting humans. More work is needed to
better understand the zoonetic potential of the wildlife isolates identified
and the potential that sewage outflows could be contaminating marine
waters with Cryptosporidium and Giardia of human origin.

Panel 2F: Greening West Coast Marine Ports
Chair: Darrell Desjardins

Chaired by Vancouver Port Authority’s Environmental Director, Darrell
Desjardins, panelists representing British Columbia, Washington
State and California {LA/Long Beach) Port Autherities will discuss the
opportunities and challenges of greening marine port activifies.

Session 3A: Ocean Observations
Chair: Brian Grantham

The Impacts of the Fraser Plume on the Optical
Characdteristics of the Strait of Georgia Waters, British
Columbia, Canada

Eduarda Loos, Moycira Costa, University of Victoria Dept. Geography
Light, along with nutrients and winds, in the waters of the Central Strait
of Georgia affects primary productivity directly. The availability of light
is however dependent on the many dissolved and particulate materials
in the water, such os photosynthetic pigments, inorganic suspended
matter, and chromophoric dissclved organic matter (CDOM). Upwelling

radiance, downwelling irrediance, absorption, attenuation, CDOM and
chlorophyll a fluarometric data, and suspended load were collected in
the waters of Cenlral Strait of Georgio in April and July 2006 along
with oceanographic data for the purpose of identifying the influence of
CDOM and suspended solids on the horizontal and verticel distribution
of phytoplankton. The results show a significant spatiol and vertical
variability of the water on the Strait. Accordingly, the walers can be
divided in three main opficol classes: waters highly attenuated, with a
strong scattering coefficient [closer o the Fraser); water with medium
attenuation coefficients; and water with relative higher absorption due
to phytoplankton (farther from the Fraser). These results indicate that the
influence of the Fraser River on the light fields of the Strait of Georgia
waters can be tracked by the opfical variables in addition to regular
oceanographic variable, such as temperature and salinity.

Nutrient Levels in Puget Sound: Decadal Changes and
Controlling Factors in Regional Basins and the Strait of
Juan De Fuca.

Juiia Bos™, Skip Albertson, Carol Maloy, Adrienne Stutes, Mindy
Roberts, Greg Pefletier, Washington State Department of Ecology

One of the greatest concerns for the Puget Sound ecosystem is nutrient
inputs and subsequent negative impacis on waler quality. Human

and natural factors oll contribute to nutrient loading. In some regions,
loadings of nitrogen are significant enough for it to be considered a
pollutant. Historically, scientists thought that nulrient concentrafions
would not increase enough to be a concern in the Puget Sound system.
To assess this idea of unlimited capacity, seasonal and inter-annual
nutrient concentralions for the past three decades are compared to
historical values in the Main, South Sound, Whidbey and Hood Canal
basins and the Strait of Juan de Fuca. Data to support this analysis is
from the Department of Ecology’s ambient monitoring program where
nutrient data is collected monthly from 40 core and rotalional stations.
In addition, datasets from intensive or seasonal surveys throughout Puget
Sound are used. The use of nutrient levels s a measure in marine water
quality and eutrophication indices will also be discussed.

Estuarine Versus Transient Flow Regimes in Juan de Fuca
Strait

Richard Thomson, Steven Mihaly*, Institute of Ocean Sciences

Evgueni Kulikov, P P Shirshov Institute of Oceanology

Residual currents in Juan de Fuca Strait are observed to switch between
two fundamental states: estuarine and transient. The esluarine regime

- which prevails “90% of the fime in summer and ~55% of the time in
winter — has a forinightly-modulated, threelayer structure characterized
by strong {50 ¢ms-1) cutflow acbove 60£15 m depth, moderale (25
cms-1) corelike inflow between 60-125 m depth, and weak (710
cms-1) inflow below 125210 m depth. Rotational effects increase the
upper layer depth by 40 m on the northern side of the channel and
upwellingfavourable coastal winds augment inflow in the bottom layer
by as much as 5 cms-1. Formightly modulation of the estuarine flow by
tidal mixing in the eastern strait leads to cross-channel “wandering” of
the residual current such that surface culflow leads intermediate inflow
by 180° at the forinightly period. Transient flows - which occur ~10%
of the time in summer and ~45% of the time in winter - are rapidly
avolving, horizontally and vertically sheared “reversals” in the estuarine
circulation forced by poleward wind events along the outer coast.
Major events can persist for several weeks, lead to current reversals

of 25 to 50 cms-1, and generate a net volume flux into the strait. A
striking feature of major events is the formation of an O[10} km wide,
surface-iniensified, O(100) ems-1 inflow current along the southern
boundary. This “Olympic Peninsula Countercurrent” is accompanied by
an abrupt decrease in salinity indicafing that it is a buoyancy-driven flow
originating on the outer Washington shelf.

Remote Sensing of Chlorophyll-a in the Strait of Georgia
Nicholas Komick*, Maycira Costa, University of Victaria



The Strait of Georgia is an important marine resource and is subject o
significant anthropogenic forces. Satellite imagery can be a valuable
tool for monitoring the Strait and its associated biophysical processes.
As an importfant step towards this goal, an algorithm must be developed
to estimate dominant oplical constituents from ocean colour imagery

in the Strait. This developed algerithm incorporates known optica!
properties of various conslituents to astimate the influence of each on
measured water colour. To evaluate the effectiveness of the developed
algorithm, in situ radiometric and biophysical measurements collected
during three research cruises carried out in winter, spring, and summer
of 2006 were used. During the cruise, chlorophyll-a concentralions
ranged from 1.9 to 25.0 ug I*-1 and total suspended solids ranged from
1.1 t0 22.0 mg I*-1. This data set allows the chicrophyll-a algorithm

to be evaluated against the range of conditions found in the Strait,
inciuding varying influence from lerrestrial environments,

VENUS: A Cabled Ocean Observatory in Saanich Inlet and
The Strait of Georgia

Richard Dewey*, Verena Tunnicliffe, University of Victoria

The Victoria Experimental Netwaork Under the Sec [VENUS) is a
cabled ocean observatory, with orrays in both Saanich Inlet and the
Strait of Georgia. The first leg was deployed in February 2006 with

an observatory node at 100m depth in Saanich Inlet. The second,
deeper [300 and 175m} array will be deployed in the Strait of
Georgia during the summer of 2007. The cabled observatory allows
for unprecedented power and bandwidth to and from instruments
connecled to the observatory “nodes”. Data is retrieved ond available
over the web in near realtime. Preliminary instruments include standord
oceanographic devices such as CTDs and ADCPs, as well os inverted
acho-sounders, broadbond hydrophones, and user controllable pan
and tilt digital cameras. Advanced systems under development include
vertical profilers and a dedicated delta dynamics loboratory. The data
archive and instrument access are provided through the VENUS web
site {http://www.venus.uvic.ca/), where galleries can be searched and
data products requested. An overview cof the observatory infrastructure,
some preliminary scientific resulls, and how new users can access the
facility will be presented.

Spatial and Temporal Chiorophyll Distribution in the Straits
of Georgia and Juan de Fuca

Diane Masson ™, Angelica Pena, Institute of Ocean Sciences

We investigate the spatial and temporal distribution of planktonic
biomass along with some factors influencing its distribution within the
Straits of Georgio and Juan de Fuca. These two straits are the main
constituents of a large coastal estuary system on the southern coast

of British Columbia. A large amount of freshwater enters the coastal
basin, with the main source being the Fraser River, and drives a two-way
estuarine circulation. Complex biological dynamics {responses to light,
nutrients, grazing, etc) dictate complex biomass distribution. However,

a unique data set from a relatively long duration {over 5 years} and
systematic (every season, at the same 70 stations) sampling program
allows us to accurately describe the chlorophyll distribution in both

time and space within the coastal basin. Over the study areq, the main
features of the spatial distribution of chtorophyll are shown 1o be closely
related to variations in upper waler column stratification. In addition, it is
shown that, during the summer, plankion growth is nutrient limited within
the central Strait of Georgia. Finally, the possible role of light limitation
of the plankton production within Juan de Fuca Strait is discussed.

Panel 3B: International Joint Commission:
Special Consultation Session on the 2006
Progress Report under the Canada-United States
Air Quality Agreement

Co-Chairs: Commissioner Jack Blaney {Canada) and
Commission Irene Brooks (U.S.)

The Infernational Joint Commission is required to gather public
comments on biennial progress reports under the Canada-United Stotes
Air Quality Agreement, which wes put in place by the lwo countries

in 1991 as an instrumeni to address shared concerns regerding
transboundary air pollution.

The 2006 Progress Report was released in November ond is the eighth
prepared by the Air Quality Committee. It highlights actions undertaken
by Canada ond the United Stales over the past two years to address
transboundary air pollution within the context of the Agreement

- namely, acid rain and groundlevel ozone.

Comments gathered by the Commission will assist the Air Quality
Commiltee in implementing the Agreement and preparing the next
report in 2008, As part of this broad consultation process, a special
consultation session for Georgia Basin Puget Sound Research
Conference delegates is being convened. Conference delegotes

ore invited to attend this session in order to provide feedback to the
Commission on the 2006 Progress Report. Delegates attending this
session are asked 1o read the Progress Report prior to attending the
session. Copies of the Progress Report are available at the conference
registration desk.

Session 3C: Modeling and Decision Support Tools

il
Chair: Carol Maloy

Development of a High Resolution 3-D Unstructured Grid
Circulation Model of the Whidbey Basin in Puget Sound
Zhaoging Yang ™, Battelle Pacific Northwest National Laboratory
Tarang Khangaonkar, Pacific Northwest National Loboratory

Greg Heod, Skagit River System Cooperative

Kurt Fresh, NOAA

Eric Beamer, Skagit River System Cooperative

Correigh Greene, NOAA

Eric Grossman, USGS

The Whidbey Basin is Puget Sound’s largest supplier of freshwater
and sediments and has been identified as a key region of acalogical
importance, especially for salmen. It consisis of three maijor estuaries
(Skagit River, Stillaguamish River and Snohomish River) that are
characterized by large intertidat zones and multiple tidol channels
which provide important habitat for the production of Chinook
populations within the basin.

The fidal mixing, inundation, and tidal circulation processes in each
estuary, ond the interaction among these three estuaries play important
role on nearshore habitat restora-tion and fish migratory pathways.

This paper describes the development of a three-dimensional (3-D)
hydrodynamic model for the Whidbey Basin. A companion paper titled
Application of a 3-D Hydrodynamic Model of Whidbey Basin to Assess
Cumulative Effects of Restoralion Projects in the Snchomish River Estuary
provides an example of the utility of the tool developed.

The Whidbey Basin hydrodynamic model was developed using the
unstructured, finite volume, 30 coastal ocean model (FYCOM). A fine
grid resolution, as small as 10 m, was specified in the in the nearshore
areas. The model was driven by tides, salinity and temperature along
the open boundaries, and wind and solar heating at the surface.

The model was successfully calibrated against observed data for o
neap-spring lidal cycle collected during foll of 2006. Model results
demonstrated that the Whidbey Basin model has the capability of
simulating the physical processes al the required resolution and
occuracy to help assess the feasibility of nearshore restoration projects
and provide useful information for marine fishery habitat research.
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Application of a 3-D Hydrodynamic Model of Whidbey
Basin to Assess Cumulative Effects of Restoration Projects
in the Snohomish River Estuary

Tarang Khangaonkar*, Battelle Pocific Northwest Notional Laboratory
Zhaoging Yang, Battelle Marine Sciences Laboratary

Maria Calvi, Tulalip Tribes

Kurt Nelson, Tulalip Tribes

Vaughn Collins, Snchomish County

The Whidbey Basin is Puget Sound’s largest supplier of freshwater

and sediments and has been identified as a key region of ecological
importance, especially for salmon. With a high percentoge of shallow,
low-gradient, shorelines which are imporiant for ju-venile salmonid
rearing, Whidbey Basin provides critical habitals to several Chincok
populations within this area and supports populations krom other parts
of Puget Sound. However, over the last century, considerable near-
shore tidal marshland habitat within the Basin has been lost due to dike
construction.

EHforts are underway to restore the degraded estuary habitat and
re-establish migratory pathways for salmon. To help ossessing the
feasibility of improving these estuarine functions through proposed
restoration actions, a hydrodynamic model, specificolly suited for near-
shore restoration design was developed for the Whidbey Basin. Details
of this mode! are described in o companion paper titled Development
of a High Resolution 3-D Unstructured Grid Circulation Model of the
Whidbey Basin.

In this paper we describe the apglication of this model to the Snohomish
River estuary. The fresh water plume interaction within the river delta
region, inundation of the morsh-lands and the salinity variability in the
eskuary were simulated for the existing conditions. The model was

then applied for the Qwuloolt Marsh, Smith Island, Union Slough,

and Biringer Farm restoration projects. located relatively close o one
another near the mouth of the estuary, these projects form one of the
largest restoration efforts in Wash-ington. The results provide valuable
information regarding potential affects on morphology, and merine
habitat conditions under the influence of restoration projects.

Landscape Metrics for Monitoring Landscape Change in
Western Washington

Daniele Spirandelli*, Marina Alberti, University of Washington

This study identifies and applies a set of lendscape metrics for
moniloring landscape change in Western Washington over the period
of 1991 to 2001, The objective was to select metrics that may be used
as indicators to quantify and monitor landscape patterns trends at the
basin and sub-basin scale. The study is based on a multi-year NOAA
Coastal Change Analysis Program {C-CAP} Land Cover, a land cover
classification of Landsat Thematic Mapper 5 imagery developed for the
National Land Cover Database [NLCD). The analysis was performed
at three fime-steps (1991, 1996, and 2001} for Western Washington.
A multi-scale analysis was conducted using two watershed basin scales
using USGS hydrologic units (HUCs), 4 and 4, to evaluate landscape
trends of two different scales. We quantilied the sensitivity of the
selected metrics to changes in land cover and population density that
cccurred in Wastern Washington to assess their usefuiness as indicators
fer menitoring regional londscape change.

This work was conducted with support from the U.S. Environment
Proteclion Agency, Region 10, Regional Geographic Initiative.

Sensitivity Analysis of Spatial Population Viability Models
for Criticol Habitat Identification

Jonelle Curtis*, llona Naujokaitis-Lewis, Peter Arcese, University of
British Columbic

Jordan Rosenfeld, British Columbia Ministry of Environment
Metapopulation dynamics are strongly influenced by the size, quality,
and spatial orrangement of populations, the dispersal rates and
correlations among populations and the structure of habitat surrounding

populations. Varying such spatial parameters in sensitivity analyses

of population viability anclyses {PVAs) helps evaluate the influence of
parameter uncertainty on model predictions, but few studies conduct
such analyses, perhaps because no computationally-efficient tools exist
to facililate comprehensive sensitivity analyses for spatial PVAs. This
paper presents GRIP 1.0 {Generation of Random Input Parameters), a
program that vories both spatial and non-spatial input parameters for
PVAs crealed in RAMAS Metapop 4.0. GRIP is used here to explore the
consequences of spatial variation on the persistence of 40 threatened
species and rank the influence of spotial and non-spatial parameters on
extinction probability using standardized regression coefficients. Our
results underscore the importance of including spatial parameters in
sensitivity analyses; the most influential parameters were either spatial
in nature (e.g., dislance among ond number of populations) or linked
to the number and configuration of populations (e.g., correlation of
vital rates among populations). GRIP supports computationally-efficient
sensitivity analyses for spalial PVAs for prioritizing research and
identifying crifical habitat for species that cccupy habitat patches of
varying size, quality and distribution.

A Simple Population Forecast Model for Purple Martins in
British Columbia

Bruce Cousens™, J. Chorlene Lee, Georgia Basin Ecological Assessment
and Restoration Society

Loura M. Darling, Parks and Protected Areas Branch, BC Min. of
Environment

J. Cam Finlay, Independent, Victoria, BC

Thomas W. Gillespie, Independent, Victoria, BC

Western Purple Marfins (Progne subis orboricola Behle 1968)

have been the subject of an extensive and highly successful mainly
volunteer-based nest box recovery program in the Georgia Depression
Ecoprovince of southwest British Columbia since 1985, following
major population declines after the mid-1900s, with over 600 pairs
nesting in BC in 2006. Since 1997 a scientific monitoring program
was implemented involving documented annual nest box inspections
at almost all nesting colenies within the province to monitor and track
progress of the recovery and obtain relioble data on abundance,
produclivily, nesting success and fledgling production for this
geagraphically confined population. Analysis of the resulting data
accumulated over a decade has allowed development of a simple
populafion forecast model based on nesting pair abundance, fledgling
production and annual survival that fairly occurately {within 5-10% so
far} predicts return of breeding birds the following year. Input criteria
{number of nesting pairs and number of nestlings fledged) are easily
obtained from nest box inspections prior to fledging and average
overall annual survival (oll age classes combined) can be calculated
from previous years’ dala. These data con be used with average
fledging success to iteratively predict returns in subsequent years, with
accuracy subject to primerily weather-related fuctuations in nesting and
fledging success, as well as variation in annual survival.

Session 3E: Seafood Safety and Human Health 11

Chair: Vera Trainer

A Public Health Approach to Low Dissolved Oxygen in
Hood Canal

Leslie Banigan*, Kitsap County Health District

Hood Canal in Puget Sound hes a history of low dissolved oxygen and
anecdotal information suggests periodic fish kilis dating back to the
early 1900s. Recent oxygen levels are the lowest in recorded history,
resulting in fish kifls in 2002, 2003 and 2006 and prompting concerns
about longterm health of the canal.

A "Preliminary Assessment and Corrective Action Plan”, (PSAT, May
2004) [PACA) thecrized nutrient contamination as a source of the
dissolved oxygen problem because excess nutrients stimulate algal




growth, which uses oxygen as it brecks down. The PACA used
mathematical estimates to identify nitrogen from onsite sewage systems
(OSS) as the major anthropogenic source to Hood Canal.

The Kitsap County Health District conducted a fecal coliform Pollution
Identification and Correcfion project in 2005 ta: protect public health
by correcting failing OSS; assess the relationship between FC ond
nitrate+nitrite nitrogen in fresh water drainages, and determine net
nutrient reducfions after correciing failing OSS.

Twelve failing OS5 were identified and corrected in nine miles of
shoreline comprising 340 residences (4% failure rate}. No statistical
correlation between FC ond nitrate+nitrite nitrogen was found
Shoreline fiows demonstrated statistically significant nitrate+nitrite
nitrogen reduction after correction at wo OSS correction sites.

Tracking Bacteria Sources in Oakland Bay

John Konovsky *. Squaxin Island Tribe

Debby Sargeant, Department of Health

Stephanie Harris, Environmental Profection Agency

Oaklend Bay is located at the south end of Puget Sound. A very
productive shellfish harvest is threatened by high bacleria levels from
rural nonpoint pollution. Two creas are of immediate concernéa marine
station af the upper end exhibils summer bocteria exceedonces. No
livestock are nearby and dye testing of necrshore on-site sewage
lreatment systems showed no failures. Nearby freshwoter streams have
relatively low bacleria levels and upwelling groundwater is bocteria
lree. Marine sediment has o significant bacteria reserve. In Chapman
Cove, the exceedances are more closely linked to rainfall events. An
obvious source is livestock grazing along the shoreline. A fributary to
the cove, Uncle Johns Creek, has high bacteria levels. The local Health
Department’s efforts to conduct dye testing of on-site systems have

not been successful, but the conservation district has been actively
working with livestock owners. A microbial source tracking study
sponsored by EPA using Bacterioides has identified that both ruminant
and human markers are ubiquitous. A separate study by the University
of Washington is looking at F+RNA coliphage typing. Stokeholders
confinue lo meet to address the issues. While the agriculture community
is responsive lo pollution control actions, on-site owners conlinue to resist
inspection of their systems. Evaluation of incentive ond enforcement
options is ongeing, plus additional investigation of the role of sediment
bacterial reserves.

BEACH Program - A Four Year Review of Data

Lynn Schneider*, Jessica Archer, Washington State Department of
Ecology

High levels of enterococcus bacteria in marine waters can be indicative
of an increased risk of illness for recreational beach users. The Beach
Environmental Assessment, Communication, and Health {BEACH]}
Program is currently being implemented in Washington Stete in
response to the BEACH Act which was passed by the US Congress

in 2000 to create a uniform system to protect users of marine waters,
The Departments of Ecology and Health implement the EPA funded
program in cellaboration with county health jurisdictions and volunteer
organizations. This presentation will include a brief overview of the
Program and an analysis of four years of beach results, focusing on
beaches that have levels of enterecoccus above background levels.
Several factors are known te cause increases in enterococci in marine
waters. These factors include proximity of known contamination
sources, number of swimmers, freshwater input from streams and rivers,
rainfall, and sediment type. The presentation will conclude with @ few
examples of how an increased level of bacteria ot beaches hes lead to
remediation efforts.

Intrusion of Domoic Acid into Puget Sound, Washington
State

Vera Trainer *, NOAA/NMFS/NWFSC

Aleta Erickson, Jamestown S'Klaliam Tribe

William Cochlan, Romberg Tiburon Center for Environ Studies, SFSU
Brian Bill, NOAA Fisheries, Northwest Fisheries Science Center

Frank Cox, Washington State Department of Health

Jerry Barchert, Washington State Department of Health

Kathi Lefebvre, NOAA Fisheries, Northwest Fisheries Science Center
Several species of the toxigenic dialom Pseudo-nitzschia, together with
low concentrations of domoic acid in shellfish have been observed in
Puget Sound, Washington State, since 1991, However, only recently
have high-density blooms of Pseudo-nitzschia forced the closure of
recreational, commercial, and fribal subsistence shellfish harvesting

in northern Puget Sound. Here we report on the environmental
conditions associated with shellfish closures in two Puget Sound
embayments during the closure events in Fall 2005, In Sequim Bay,
shellfish harvest losses occurred on September 12 following the
measurement of elevated macronutrient levels on September 2, and

a bloom of P. pseudodelicatissima {up to 13 million cells per L} on
September @. Ambient NH4 cancentrations > 12 UM (measured on
September 2) were due to anthropogenic inputs, likely from farm runoff
and/or sewage inpuls near Sequim Bay. The closure of a Penn Cove
commercial shelifish form on October 16 was caused by a bloom of

P. qustrolis that followed a period of sustained precipitation, elevated
Skagit River flow, and persistent southeasterly winds. The relative
importance of a number of environmental factors, including ocean
temperature, siratification caused by rivers, and nutrient inputs, whether
natural or anthropegenic, must be carefully studied in order to better
understand the recent appearance of massive bloems of toxigenic
Pseudenitzschia in Puget Sound.

Alexandrium Cysts in Puget Sound, Washington, USA
Chery! Greengrove *, University of Washington, Tacoma

Rita Horner, Jim Postel, University of Washington, Seattle

Sian Davies-Vollum, Jim Gawel, University of Washington, Tacomo
Annie Cox, University of Rhode Island

Simone Hoffer, Washington State Department of Ecology

Kyle Sorensen, Jeff Hubert, Jonathan Neville, University of Washington,
Tocoma

Bruce Frost, University of Washington, Seattle

Alexandrium catenella bloomed in central Puget Sound in late summer
2006. Toxin levels in blue mussels reached 17,000 ug/100g resuliing
shellfish closures (F. Cox, Washington Department of Health). Paralylic
Shellfish Poisoning is often present in shellfish in Puget Sound, but litle
is known about the distribution and biclogy of either the motile cells or
cysts of the major causative species, A. catenella. Our survey of 32
sites in March 2005 found cysts of A. catenella in surface sediments
throughout Puget Sound. Sequim Bay with 200 cysts/ml sediment and
Quartermaster Harbor with 12,000 cysts/ml sediment had the highest
abundances; other areas ranged from <10 to about 100 cysts/ml.
Sediment parameters—grain size, total organic carbon (TOC) content,
and metal (Cu, Cd, Zn, As, and Pb) concentrations-were measured

to evaluate correlations with cyst cbundance. Initial results indicate
thot there is no correlation between grain size, TOC content or metal
concentrafions with cyst abundance. Cyst concentralions and 210Pb
were measured in sediment cores from some sites to determine historical
cyst presence. Cysts were present to the bottom of cores from Sequim
Bay and Quartermaster Harbor in abundances consistent with surface
sediment counts,

Climate Variability and Paralytic Shellfish Toxins in Puget
Sound Shellfish

Stephanie K. Moore*, Nothan J. Mantua, University of Washington
Vera L. Trainer, NOAA Fisheries, Northwest Fisheries Science Center
Barbara M. Hickey, University of Washington

Long term observations of Paralytic Shellfish Toxins {PSTs) in Puget
Sound shellfish from the WDoH Biotoxin Program are used as a proxy
to describe bloom dynamics of the harmful dinoflagellote species
Alexandrium catenelle from 1957 to 2002. Observations are selected

STANVYd ANV SNOISS3S AVANOW

21



MONDAY SESSIONS AND PANELS

22

for trend analyses based on the ability of the shellfish species to retain
or depurate PSTs, frequency of cbservations at individual sites, and
consideration of timescales of selected climate forcings. On secsonal lo
interannual fimescales, Blue Mussels are used to identify "PSP hot spots”
at Mystery Bay, Discovery Bay, Dockton and Sequim Boy. Hot spots are
used fo indicate exceptionally toxic events for case studies of preceding
environmental conditions, and to develop annual indices of A. catenella
bloom behavior for quantilaiive comparison with regional and large
scale climate forcings. On longer timescales, PST accumulation in
Sequim Bay Butter Clams covaries with warm phases of the Pacific
Decadal Oscillation and the window of optimal growth conditions for A.
catenelio as determined by warm sea surface temperatures. Results from
this study of observed climale influences on PSTs will be used to develop
PSP risk forecasts at seasonal o interannual time scoles, and to evaluate
the potential influence of global warming on intensity and duration of
future toxic events in Puget Sound. Recommendaticns are made for
future monitoring of shellfish toxicity and environmental parameters to
improve forecasting skill.

Sessién 3F: Governance in Transboundary

Ecosystem Management |
Chair: Rod Dobell

The Forsoken Fjord: Science, Society, and Biclogical
Decline in Puget Sound

Casimir Rice*, University of Washington and NOAA Fisheries

Today we see severe and expanding humon influence throughout
most of the Puget Sound landscape, and multiple, continuing signs

of biclogical decline. At the same time, research ond monitoring

to understand, protect, and recover Puget Sound is o fragmented,
uneven collection of efforts, surprisingly littie of which considers Puget
Sound in ecosystem and landscape contexts or focuses specifically

on the biological effects of human activity. As a result, we hove no
comprehensive, coherent narrative of how the Puget System ecosystem
works, how it has been aftected by human activity, and what can and
should be done to improve its condition. This presentation briefly reviews
the history of environmental research, assessment, and moniloring

in Puge! Sound; considers the strangths and weaknesses of severcl
historical, ongoing, and proposed efforts; and offers suggestions for
improvement.

Economic Development in a Tribal Community:
Opportunities and Challenges to Ecotourism in Neah Bay,

WA
Morgan Schneidler*, School of Marine Affairs, University of Washington

Coastal communities in Washington State have historically been
dependent on natural resource extraction to support and maintain
social and economic health. During the past decades many costal
communities have experienced economic recessions due to natural
resource policies which have increasingly regulated harvest. In

turn, tourism is being explared by many as a teol to diversify coastal
economies. Ecotourism is of parficulor interest as o means of economic
growth as it has to potential to preserve naturel and cultural resources,
educate tourists, and employ local people.

Native American tribes have unique obstacles to economic development
which includes 150 years of oscilloting federal and state policies. The
Makah Tribe, located on the Northwest corner of the Olympic Peninsula
in Washington State, is interesled in improving the economic conditions
on their reservation by expanding the tourism sector. Currently, the
Makoh Cultural and Research Center (MCRC), a Makah run non-profit
is highly regarded for its lecdership in teaching and preserving Makah
culture, The MCRC is pursuing oppertunities to expand their tourism
function by sponsering forms of coastal and marine ecotourism.

Using the Broker-Local-Tourist sociological model, this paper exomines
opportunities and challenges that concern ecotourism development

on the Makah reservation. Findings emphasize the importance of
defining appropriate sociocultural projects, and creating broker-broker
pormerships.

Shared Decision Making Across $’aalh Tumuhw (“Our
Land”): The Hul’'qumi’num Approach Towards The Design
of Shared Decision Making Over Land, Water and Natural
Resources in Their Traditional Territory

Jess Rogers, Hul'qumi’'num Treaty Group

Brion Qlding®, Consultant to the Hul'qumi’num Treaty Group

The determinaltion of how decisions are made about the use of resources
across First Nation traditional territories lies at the heart of reconciliation
between First Nations and other governments. The Hul'qumi'num Treaty
group has been working to address this issue over the past two years.
An interim strategic land use plan was completed to describe the vision
of the Hul'qumi’num mustimuhw {"people”) and how decisions are
made about the use and protection of terrestrial and intertidal resources.
An analysis of the state of particular resources (e.g. beaches, cultural
heritage, rivers, fish, forestry and wildlife) was carried out to provide

a statys of well-being across the Hul'qumi’num tumuhw {“land”). The
way in which the provincicl government was organized to administer
resource decisions across the territory was studied and evalucted on

a sectoral basis. The key land struggles which have tcken ploce in
British Columbia over the past ten to fifteen years {Clayoquot Seund,
Great Bear Rainforest, and Haida Gwaii) were studied in detail with a
view towards identifying successful co-governance models for decision-
making on land and resource uses. These studies provided the basis for
the preliminary design of o Shared Decision Making Model between
Hul’qumi‘num governments and with the provincial government in
particular. The Hul'qumi‘num Treaty Group, with the six Hul'qumi'num
Mermber First Nations, are working on developing the internal siructure
for how the six Hul' qumi’num Member First Nations will work together,
The concept is to build the internal capacity of the six First Nations to
make effective, efficient decisions collaboratively on land and resource
decisions that affect their collective rights and title. It is envisioned

this approach will prepare the Hul'qumi‘num for inter-governmental
discussions on Shared Decision Making across s'aalh tumuhw, working
within the principle of Nutsa’'maat (“working as one”)

Collaborative Oceans Governance Arrangements in British
Columbia
Jomie Alley*, British Columbia Ministry of Environment

Canado and British Columbia have had a variety of experiences over
the past two decades in developing governance arrangements for
oceans and coastal resources. Current governance arrangements
range from formal, legal agreements between governments, to less
formal and more inclusive arrangements among government and
non-government parties. Far the most part, these arrangements have
evolved on an informal, ad-hoc basis to meet the needs of particular
circumstances and initiotives. Recently however, more formal structures
have evolved. For example, to ensure collaboration between Canada
and British Columbia in the implementation of the federal Oceans
Strategy, in September 2004, the two governments concluded the
Canada-British Columbia Memorandum of Understanding Respecting
the Implementation of Canada’s Oceans Strategy on the Pacific Coast
of Canada. The MCU provides for additional subsidiary agreements in
six specific areas and on cther matters that may be identified for future
collaboralion. To date, five sub-agreements are nearing completion,
implementation plans are under development and joint funding
agreements for specific projects have been concluded. This aclivity
has alsc required the development of a more structured ond disciplined
approach to governance for shared policy development and joint
program delivery.

This presentation describes existing institutional and erganizational
arrangements between Canado and British Columbsia to ensure a



common understanding of what exists now, and as a contribution to the
development of more permanent, practical, and effective governance
arrangements for the future. An examinafion and analysis of existing
institutionol arrangements for managing coastal and marine resources
will aid in the development of processes that ensure a shared vision
between governments for sustainable oceans management, enhance
cross-border cooperation and facilitate relationships between
government and non-government parties.

Transboundary Aggregations as Learning Settings:
Exploration of three Cases in the Salish Sea Watershed.
Henriette Bastrup-Birk *, Catholic University of Leuven

The presentation will outline research in progress cimimg at distilling
insights useful to organizations engaged in transboundary aggregations
dedicated lo ecosystem and habitat restoration and stewardship. It will
propose turning to the transformative learning perspective, coupled

with a social learning model, social reprasentation and multi-actor
framing theory, fo explore whot learning processes and outcomes such
seltings may bring about. These outcomes may include inventive oplions
for heeding ecological connectivity, increased acknowledgement of
differences in perspectives among member arganisations, greater
copacity to deal constructively with such differences and a sense of

collactive responsibility. Closer serutiny may disclose still other outcomes.

The transboundary cggregations proposed as showcases are the Puget
Sound/Georgia Basin International Task Force, the International Orca
Pass Stewardship Coolifion and the Coast Salish Aboriginal Council.
Comparative analysis will focus on the representations of the different
member organisations north and south of the border regarding what to
do together, how these representations evolve over fime and in relation
to each other and the extent to which different representations are
acknowledged in joint statements, agreements or programmes,

Insights regarding overseen or underestimated outcomes of engaging
in transboundary aggregations may spur active participation in exisling
seftings or formation of new ones.
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Session 4B: Northern Abalone Recovery
Chair: Don Rothaus

Changes in Abundance and Size of Pinto Abalone (Haliotis
kamtschatkana) in the San Juan Archipelago (1979 to
2006)

Don Rothaus ™, Washingfton State Department of Fish and Wildlife
Carolyn Friedman, Brent Vadopalas, University of Washington, School of
Agquatic and Fishery Sciences

Pinto abalone |Haliotis kamtschatkana) populations in the San Juan
Archipelago (SJA) have been monitored periodically by the Washington
Department of Fish and Wildlife from 1979 through 2006. Alerming
decadal changes in abundance and size frequency have been
documented. A comparisan between fimed twenty minute dive surveys
at 23 sites showed a roughly 50 % decrease in cbalone from 1979 to
1921, In 1992 o new methodology was adopted using ten permanent
index stations located throughout the SJA. These have been re-surveyed
in 1994, 1996, 2003, 2004, 2005 and 2004. A decrease in total
abundance oceurred from 1992 10 1994 (n=351 to n=288). The
fishery was closed shortly after the 1994 survey based on the continued
declining trend. From 1992 to 2006 there has been o 77% reduction

in abalone abundance at these index stations. A significant 10 mm right
shift in mean size of abalone occurred during this same time period.
Linear regression of abundance data predicis that these 10 sites will be
extirpated by 2010. Literature suggests that sedentary invertebrates,
such as abalone, must be at densities > 0.33-0.15 abalone/m?2 for
successful ferfilization. Currently, all index stations have densities well
below 0.15 abalone/m2. Abalone < 0 mm represent < 4 % of the
individuals encountered in 2004. These data are indicative of “Aliee
Effect” respense to low populotion densities. Both WDFW [in 1996) and
NOAA Fisheries (in 2004) have listed pintc abalone as a "Species of
Concern”.

Northern Abalone and Engineering Species in the San
Juan Islands: Implications for Restoration Strategies

Laura Rogers-Benneit*, California Department of Fish and Game

Brian Allen, Puget Sound Restoration Fund

Dan Rothaus, Washington Department of Fish and Wildlife

Northern abalone, Haliotis kamischatkana, once common on subtidal
rocky reefs may now be scarce in the Sen Juon Islands and throughout
the Pacific Northwest. We compared the abundance of northern
abalone teday with data from 25 years ago in the San Juan Islands and
northern California. In the San Juan Islands, we examined which habitat
enginesrs were associated with the presence of adult northern abalone.
Cur resulls show that northern abalone have declined to critically low
levels in the San Juan Islands and in northern California. Furthermore,
no juvenile or small northern abalone {<75mm) were observed at any
of the sites, Adult northern abalone were significantly more abundant at
sites with kelp beds (X2=18.8, d£.=2, p=0.01} compared with sites with
seq urchin spine canopy. Abalone abundance was correlated with other
mollusks including rock scallops and white cap limpets (R2=0.542, F=
9.52, p=0.01). Reserve status of the site was a poor predicior of adult
northern abalene and rock scallop obundance. The combination of no
juvenile abalone coupled with low abundances of adults is indicative

of recruitment failure and the need for aggressive conservation actions.
Determining critical habitat features and associated species can guide
future site selection for management and restoration efforts.

Early Life History Dynamics of the Pinto Abalone {Haliotis
Kamtschatkana) in the San Juan Archipelago, Washington
State

Joshva Bouma®, Brent Vadopalas, Carelyn Friedman, University of
Washington, Aquatic & Fishery Sciences

Don Rothaus, Washington Department of Fish & Wildiife

Pinto abalone (Haliolis kamtschatkana) are in serious decline in
Washingfon state, possibly due in part to Allee effects ond recruitment
failure. Sixty-six cbalone recruitment modules {ARMs) deployed at
three sites in the San Juan archipelago (SJ1) and surveyed in situ six
fimes over 26 months aftracted only three juvenile abalone. Declines
could also be attributed in the northern Sils to elevated temperatures
and lowered salinities observed from the Fraser River summer plume.
To test this hypothesis, a 3x3 full factorial experiment was implemented
to examine the influence of environmentally relevant temperature

and salinity combinations on postlarval survival. By day three 100%
mortality was observed in all 14psu treatment groups regardless of
temperature. Mortalities in each of the remaining temperature/salinity
combinations over the 14 day study were not significont. Based on these
resulls, singlefactor experiments were conducted in which postlarvae,
veliger larvae, and trochophore larvae were challenged with a range
of treatment salinilies {14-32psu). 100% mortality was observed in all
postlarval reatments below 23psu. Over 98% mortality of trochophore
larvae was observed when exposed to salinities below 26psu, while
larvae challenged as day three veligers showed greater tolerance of
salinities between 23.26psu. These studies suggest early intolerance to
salinities af or below 23psu, conditions that ore cften observed in the
northern S)is during summer months.

Evidence for a Cryptic Form of Abalone in Washington
State, and Impact on the Census Size of Populations of
Pinto Abalone in the Region

Kristina Straus*, lyndsay Newion, Robyn Estes Strenge, University of
Washington

Don Rothaus, Washington Department of Fish and Wildlife

Carolyn Friedman, Kerry Naish*, University of Washington

In Washington State, where fishery closures in the 1990s have failed ta
prevent the decline of pinto abalone, genelic analysis of the population
structyre of the species has direct relevance to its conservalion. We
extended the northern and southern ranges of o previous genetic
survey, and detected minor differentiction between pinto populations.
However, we noted that populations from the interior coasts [northern
Puget Sound, Washington and Ketchikon, Alaska) were significantly
different from those on the outer coast (British Columba and Sitka,
Alaska). Population assignment methods discriminated a group of
divergent individuals aggregated around South Long Island in northern
Puget Sound. These individuals were morphologically indistinguishable
from pinto abalone, and also occurred at lower frequency in samples
throughout the species range. We further clarified the laxonomy of this
newly identified form using maternally inherited mitachondrial DNA
and reproductive proteins, ond derived a full census of both forms of
abalone in the region. To date, our results indicate that this form may be
flat abalone, but the full range of phenotypic diversity ond distribution
in this species has not been previously recognized. Our findings hove
significant impact accuracy of population counts of pinte abalone, and
highlight the reduced polential for recovery in this species.

Three Approaches to Out-Planting Hatchery-Reared
Pinto Abalone {Haliotis kamischatkana) British Columbia,
Canada.

Robert Whyte ™, Pacific Trident Fishing C. Lid.

Dr. Dawn Renfrew

The Bamfield Huu-oy-aht Community Abalone Project has been
conducling research on the out-planting of pinto abalone (Hcliotis
kamtschatkano) in Barkley Sound, B.C. Canada. BHCAP has laken a
3-pronged approach to outplanting young abalone: 1. larvae 2. 1.2
month-old juveniles, and 3. 1 year-ald juveniles. Wild broodstock are
collected from the field and conditioned for spawning in the hatchery.
Lorvae generated are raised for their 2-week plankionic phase and
when competent for settlement, are either out-planted or set in the



hatchery, There are practical and biclogical advantages to out-
planting very young animals. For larval outplanting, larval development
is monitored and anatomical and behavioural characteristics indicate
when they are approaching competence lo setile. The larvae are
counted and packaged for transport (up to 24 hours by land, sea or
air). Al the outplanting sile, larvae are treated with GABA to trigger
setilement, then put into wide-bare syringes with a dye marker, taken
underwater by divers and released into crevices and spaces between
rocks. Out-planiing of 1-2 month old juveniles is dane by seftlement of
the larvae onto concrete blocks contained in modules, in the hatchery.
The modules are held for 1-2 months in the hatchery until the juveniles
reach approximately 1 mm shell length. They are then ransferred in
totes of seawater, loaded onto the dive boal and ploced on the sea
bed by divers. The use of modules protects the fragile juveniles from
handling damage, provides a refuge frem predators for them in the
field and increases the chance that out-plants will remain in the same
location. Year-old juveniles were out-planted prior to their conversion
to a kelp diet (prior to a subsequent change in shell colour in the
hatchery). The juveniles are removed from hatchery plates, packaged
for ransport and placed on cleanly brushed substrate by divers. Since
November 2003, BHCAP has out-planted 4 million larvae, 150,000
1-2 month old juveniles and 2000 year-old juveniles {8 mm mean shell
length) at 3 sites. Baseline populalion surveys were conducted prior to
out-planting and follow-up surveys will soon be completed to determine
the success of the project.in Brifish

Wild Brood-Stock Aggregations as a Recovery Tool for the
Northern Abalone {Haliotis Kamischatkana) in the Pacific

Rim National Park Reserve of Canada, British Columbia.
Tomas Tomascik*, Heather Holmes, Parks Canada

One of the five key cbjectives of the National Recovery Strategy for
the Northern abalone {Haliotis kamischatkana) in British Columbia is
lo conduct research on rebuilding methods. The strategy prioritizes
studies to assess the efficacy of wild abalene transplant aggregations
li.e., brood-stock aggregations) to enhance lacal spawning success
and reproductive output. Abalone recruitment was studied at eight
locations (each with two replicate skations) within the Broken Group
Islands along a modeled current pathway in the fall of 2004 and the
winter of 2005. The resulis suggest thot wild brood-stock aggregations
may be an effective rebuilding technique for Northern abalone. We
found a significant inverse relationship {r2 = 0.86; P < 0.001) between
recruit [i.e., shell length £ 30 mm] density and distance (km) from the
brood-stock aggregation. A significant pesitive relationship (r2 = 0.63;
P < 0,02} was also detected between recruit densities and the relative
index of expasure. Potentiol effects of various habilat characteristics
{e.g., abundance of competitors, predators, subsirate type, etc.) are
discussed. These results provide sirong evidence for o downstream
dispersion gradient of juvenile Northern abalone from o wild brood
stock oggregation, and suggest that wild brood-steck aggregalions may
be a viable and cost effective rebuilding tool.

Federal Protection for Northern Abalone in the USA:
Comparing and Contrasting the Process and Potential
Outcomes of Species of Concern Versus ESA Listings

Scott Rumsey, NOAA/NMFES/NWFSC

Melissa Neuman *, NOAA, National Marine Fisheries Service

In 2004, the National Marine Fisheries Service {NMFS) established
a Species of Concern {SOC] list for spacies about which NMFS

has concerns regarding status and threats, but for which insufficient
informafion is available to indicate a need to list under the Endangered
Species Act [ESA}. NMFS added northern abalone fo the SOC list to
promote research and proactive conservation efforts and potentially
negate the need for ESA listing. Progress has been made to identify
data deficiencies, stimulate cooperative research efforts, and foster
voluntary efforts for providing stewardship. The scope of the SOC

program is constrained, however, by limited funding opportunities and
NMFS’s inability to regulate activities that pose threats. If evidence
suggests that an ESA listing is warranted, NMFS may consider initiating
the listing process for a species. This process involves compiling the
best available data, determining what conslitutes a species, assessing
extinction risk, and evaluating conservation efforts underway to
determine if they mitigate extinction risk such that listing is not warranted.
The goal of an ESA listing is to conserve and protect at risk species

by prohibiting take and by ensuring that federal agencies do not
jeopardize the continued existence of the species or odversely modify
their habitot.

Developing a Sound Recavery Strategy for the First
Endangered Marine Invertebrate, White Abalone {Haliotis
Sorenseni)

Melissa Neuman™, NOAA/NMFS/NWFSC

lohn Butler, NOAA, National Marine Fisheries Service

White abalone, a deeper-water species inhabiling kelp forest habitats of
the southern California and central Baja California coasts, became the
first marine invertebrate to be added o the Endangered Species List in
May 2001. Critical 1o developing a recovery plan for white abalone

is better understanding the factors that led to its decline, improving
estimates of abundance, gaining a better understanding of the species’
lite history, and refining the focus of future conservation eftorts. A
threats assessment revealed that the impact of fishery exploitation was
likely the major cause for the species’ decline. Recent surveys revealed
that the total population size in the US may be higher than previously
eslimated because the amount of suitable habitat identified ot these sites
{3, 646 ha) is more than 10 times greater than previously estimated
{202 ha). However, densifies remain at least an order of magnitude
lower (3-50 per ha) than pre-exploitation densities (479-2,300 per

ha). Future recovery aclivities should focus on determining the critical
densities required for successful spawning, the spatial scale over which
recruitment dynamics are operating, and whether arfificial enhancement
may help in achieving the critical, scale-specific densities necessary for
recovery and longHerm vicbility of the species.

Session 4C: Seagrass Biology and Ecology
Chair: Sandy Wyllie-Escheverria

Lipid Biomarkers as Proxies of Past Eelgrass Abundance
and Organic Matter Composition of Sediment in the
Nearshore of Puget Sound, WA

Robert Rosenbaver*, Eric Grossman, Renee Takesue, U.S. Geological
Survey, Santa Cruz, CA

The widespread loss of eelgrass in Puget Scund has ecological
implications including loss of essential habitat for juvenile salmon. We
developed and applied a multi-index technique using lipid biomarkers
for investigaling the paleo-occurrence of eelgrass to help determine
whether these losses are naturally occurring or have been exacerbated
by anthropogenic activities. Specific hydrocarbons, in particulor C17
and C19 nalkanes with an odd-over-even carbon number preference

in combination with higher-plant sterols: stigmasterol, fi-sitosterol, and
campesterol, are good indicalors of eelgrass. Analyses of sediment
cores from Wastcott and Padilla Bays show variation in these compound
concentrations downcore suggesting the biomass of eelgrass has

varied over the post 150 years. This interpretation may be confounded
by a C19 n-alkane derived from algae, and terrigenous plant sterols
suggested by the presence of C27 and C29 n-alkanes. Algae, often but
not clways, can be identified by a bellshaped pattern of n-alkanes, C20
and C25 highly branched isoprenoids, or sterols such as cholesterol,
desmosterol, and brassicasterol. Compound specitic isotope ratios may
help resolve these interferences because Z. marina is a C3 plant with
some C4 characteristics such as 13C-enriched n-alkanes. Measurements
of 213C for the C17, ond C19 n-olkanes from leaves of Z. marina were
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124, in conirast with typical ranges of 18-224 for algae-derived n-
alkanes and 20-274 for terrigenous-plant nalkanes.

Variation in Floral and Seedling Development as Indicators
of Seagrass Meadow Condition.

Loreen Allphin*, Department of Plant and Animal Sciences, Brigham
Young University

W. Judson Kenworthy, Cenler for Fisheries and Habitat Research,
NCCQOS, NOS, NOAA

Whereas the condition of seagrass meadows is often linked to variation
in the density of sterile shoots, even though these plants flower rarely is
floral development, seed viability or the potential of seedling recruitment
considered as indicator of the status and health of the meadow. Using
field-collected samples and laboratory experiments we describe the
potential of these biotic processes as potential indicators of meadow
condition. In 2006 floral development akter fertilization was assessed
at eight sites throughout the range of Zostera morina (eelgrass) within
the continental United States. Labaratory experiments, with seeds
collected in 2005, were designed to test germination frequency and
seedling development of individual seeds from three sites in the San
Juan Archipelage in Washington State. Results from the floral condition
study indicate differences in seed set due to variafion in the rate of
abortion among developing seeds across the study populations. We
also found significant differences for seed/avule ratios between sites
and habit {perennial vs. annual). Maoreover results from laboratory
experiments revealed significant differences in germination rates,
seadling development and condifion of seeds remaining in the sediment.
This study demonstrates the importance of factoring sexual reproduction
data into programs designed to assess the condifion of seagrass
meadows.

Population Status of the Seagrass Zostera Marina in the
San Juan Archipelago

Ginger Shoemaker*, Sandy Wyllie-Echeverria, University of Washington,
Seattle

Victoria Wyllie-Echeverria, University of Victoria

Zostera marina meadows in the San Juan Archipelage contribute to
nearshore biodiversity and productivity and are protected by a no-net-
loss policy in Washington State. In 2003/04, refrospactive analysis,
using historical aerial photos revealed substantial losses had occurred
within several small embayments. As a cansequence a monitoring
sludy was inifiated in 2005 to track population status within the shallow
subtidal region at 11 sites as part of o lorger project to determine
causativa factors of population deciine. Al sites were re-sampled in
2006. At each site, shoor densities, flowering frequency, rthizome
internode lengths, sediment grain size and percent organic matter
were sampled. In addition, during 2005, lecf tissue wos coliected and
archived for genetic analysis. Shoot density and Howering frequency
increased in 2006 but leaf length oppeared to correlate more closely
with stress level as measured by sediment grain size than with the
yeor. In addition to providing baseline information at the site level,
these results can be used to interpret results of genetic analysis. Project
objectives are to provide baseline ecological information to guide
restoration efforts once factors in decline are known. We demonstrate
the value of monitoring at the site level for species under threat in the
Salish Sea.

Fish Assemblages Found in Eelgrass Meadows (Zostera
marina) of the New Gulf Islands National Park Reserve of
Canada

Cliff Robinson *, Guy Martel, Parks Canada

The Gulf Islands National Park Reserve of Canada {GINPRC)
encompasses about 35 km2 of near shore marine ecosystems within
its boundaries. There are many ecosystems in GINPRC that will require
monitoring to ensure for the conservation of ecological integrity.
However, ane ecosystem in parficular, nomely eelgrass (Zosfera

marino), is arguably the most productive and sensitive tc a wide variety
of land-use and marine activities. In this talk, we present results from an
assessment of eelgrass properties, environmental condifions and fish
assemblages collected at 16 eelgrass beds during August 2004-2006.
Overall, we conclude that fish assemblages in eelgrass beds in the
southern Gulf Islands tend to be in relatively poor health compared to
other Parks Canada regions on the west coast of British Columbia. We
discuss some possible recsans for the observed poor health in the fish
assemblages.

Assessing the Ecological Connectivity of Eelgrass Habitats
and Protected Areas: a Tail of the Population Structure of
the Eastern Pacific Bay Pipefish, Syngnathus Leptorhynchus.
Ramona de Graaf*, Eric Taylor, University of British Columbia
Populclions require a network of interconnected habitats lo maintain
biclogical processes such as reproduction. Defining the spafial scale
and patterns of exchange ameng interbreeding groups is critical to
establish breeding units and population boundaries. Investigaling
genetic connectivity (dispersal) of individuals among habitat patches is
an effective way to measure these population parameters and assess the
ability of protected arecs fo maintain population processes.

Eelgrass habitats play ¢ critical role for nearshore and offshore marine
ecosystems as nurseries, spawning habitats, and as habitat for resident
species. Locally, significant losses of eelgrass habitat have been
documented and ultimately these Icsses will affect ecological function
and species diversity. Monitaring eelgrass habitat function can be
achieved by siudying populations of such eelgrass specialists as the
eastern Pacific bay pipefish, Syngnathus leptorhynchus.

My masters’ research focuses on measuring the ecolegical connectivity
of eelgrass beds by investigating the genetic population structure of
Syngnathus leptorhynchus in Barkley Sound, British Columbia. | will
present my findings of pipefish population boundaries and breeding
units. This will include an assessment of the degree of connectivity
(gene flow) of the bay pipefish within and outside of a de facto marine
reserve, the Broken Group Islands, Pacific Rim National Park Reserve of
Canada. The influence of seascape features on gene flow will also be
discussed.

Panel 4D: The San Juan County Marine
Stewardship Area: A Local Approach to

Ecosystem-Based Management
Chair: Jody Kennedy

Located at the convergence of Puget Sound and Georgia Basin,

the San Juan archipelago is characterized by its rich diversity of
marine life and is one of the best functioning marine systems in Puget
Sound. In response to regional population pressures and declining
health of local marine species, County Commissioners declared the
county a Marine Stewardship Area and tasked the local Marine
Resources Committee [MRC) with identifying voluntary and regulatory
management measures that would protect and restore the marine
ecosystem for the needs of wildlife and humans. In partnership with the
Northwest Straits Commission and The Nature Conservancy, the MRC
engaged scientists, managers, citizens and stakeholders in a stralegic
conservation planning process, adapting The Nature Conservancy's
site-based conservalion action planning approach. The outcome is o
list of conservation strategies upon which to bese actions, measurable
benchmarks and research priorities. To be effective, the plan will require
a coordinated effort of local, skate, federal and tribal managers, the
science community, stakeholders, ond citizens who reside and vacation
in the San juan Islands. Panelisis will describe this local approach

to Ecosystem-based Management, the resulting strategies and the
necessary next steps for successful implementation,

Facilitator: Jody Kennedy, Surfrider Foundation



Panel Members:
* Kevin Ranker, San Juan County Council
¢ Jacques White, The Nature Conservancy
* Ginny Broadhurst, Northwest Straits Commission
* Kit Rawson, Tulofip Tribes, San Juar Counly Marine Resources
Committee

Panel 4E: PCBs and PBDEs in ih_e gtrﬁil of

Georgia Ecosystem
Chairs: Patrick Shaw and Peter Ross

Concerns about legacy contaminants in marine organisms in Puget
Sound and the Strail of Georgia were focussed with the discovery of
harmful levels of PCBs and elevated levels of PBDEs in resident killer
whales. Since 2004 a multiagency effort has been underwoy, with
funding from Environment Canada's Georgia Basin Action Plan, to lock
ot sources and fate of these contaminants in the Strait of Georgia, and
making progress on modelling their movement in the environment.

Panel Members:
* Peter Ross, Fisheries and Oceans Canada
* Patrick Shaw, Envirgnment, Canada
* Sophia Johannessen, Fisheries and Oceans Canada
* Robie Macdonald, Fisheries and Oceans Canada
* Mike Sonborne, UMA Engineering Lid,
* Frank Gobas, Simon Fraser University

Towards an Understanding of Sources, Fate and Effects of
PCBs and PBDEs in the Strait of Georgia Ecosystem

Patrick Shaw, Environment Canada

Peter Ross, Sophia Johannessen, Robie Macdonald, Department of
Fisheries and Oceans Canade

Frank Gobas, SImon Fraser University

While PCB levels worldwide have declined with regulatory action

and restricfion in use, their legacy persists in biota within the Strait of
Georgia ond Puget Sound ecosystem. This was evident when it was
discovered thot the transboundary southern resident killer whales

were “the most PCB-contaminated marine mammals in the world”.
Subsequently, related studies have shown elevated levels of brominated
flame retardants, polybrominated diphenyl ethers (PBDEs) in both local
seals and killer whales. A 2004 SETAC workshop at Friday Harbor
Marine Laboratory was convened to develop plans for a PCB madelling
effort in Georgia basin and Puget Sound. Efforts since then have led

1o an increased understanding of PCBs and related contaminants in

this region. Funding through the Georgia Basin Action Plan was made
available in 2004 to study this issue in the Strait of Georgia. Partnering
with mubiiple agencies, including Environment Canada, Fisheries and
Oceans Canada, Simon Fraser University, Greater Vancouver Regional
District and Capitel Regional District, has generated new understanding
of the loadings, histery and fate of these contaminants in the Strait. This
presentation will describe the genesis of the project and the activities
presently underway.

The Long Reach of PCBs and PBDEs in the Georgia Basin:
What are Blue Mussels Telling us?

Mike Sanbom, Institute of Ocean Sciences

Pat Shaw, Environment Canada

Mark Yunker

Peter Ross, Institute of Ocean Sciences. Fisheries and Oceans Canada
Blue mussels (Mytilus sp.) are sessile, fillerfeeding shellfish that sample
the water calumn for environmental contaminants. We meosured
congener-specific PCBs and PBDEs in pooled mussel samples thet were
collected from 22 sites around the Georgia Basin. Sample sites were
selected to 1) generate a spatial overview of contamination of the
Georgia Basin by banned PCBs and by currenily used PBDEs; and 2}
comprise nearshore areas adiacent to major human use categories,

including urben, agricultural, industrial, and remote locations. Total
PCB concentrations in blue mussels range from 62 - 5472 ng/g wet
weight, and were dominated by the penta- and hexa- congeners. Total
PBDE concentrations ranged from 32 - 1234 ng/g wet weight, and
were dominated by BDE-47 and BDE99 (accounting for ~70% of the
total PBDE concentrations). Principal components analysis {PCA) of the
PCB and PBDE data revealed litile inter-site variation, indicating that
PCBs and PBDEs in the Georgia Basin may be largely influenced by
broad regional signals rather than discreet point sources associated with
particular activities. Deca-BDE was detected in 100% of tissue samples,
indicating its bioavailability to the marine food web. Blue mussels

ore a keystone species in the marine foodweb of the Georgia Strait.
increasing concentrations in this organism of currently used Persistent
Organic Pollutants [POPs), such as PBDEs, may be an important
barometer of future trends in the contamination of higher trophic level
organisms.

What are Harbour Seals Telling us About PCBs and PBDEs
in the Georgia Basin Food Web?

Peter Ross, Fisheries and Oceans Canaduo

Donna Cullon, University of Victoria

John Calambokidis, Cascadia Research

Neil Dangertield, Fisheries and Oceans Canada

Steven Jeffries, Washington Department of Fish and Wildlife

As high ophic level, non-migratory mammals, harbour seals can
provide an integrated measure of aquatic food web contamination

by persistent organic pollutants (POPs) in coastal regions, Our

spatial research indicates that Puget Sound harbour seals are highly
contaminated with &legacy’ PCBs compared lo Georgia Basin seals.
However, while the levels of unregulated PBDEs are higher in Puget
Sound harbour seals compared to their Georgia Basin counterparts,
differences are less pronounced than for the PCBs {2x higher for PBDEs
compared to 7x higher for banned PCBs), likely reflecting widespread
current use of PBDEs in both BC and Washington. Harbour seal éfood
baskets’ indicale that PBDEs are now the 2nd and 3rd ranked POP by
concentration in Puget Sound and Georgia Basin, respectively. Studies
using stable carbon and nitrogen isofope ratios reveal that PBDEs

are accumulaling more slowly in the harbour seal food web, possibly
reflecting current use, rapid contamination of shorterlived organisms

at the botlom of the food web, and/or the larger molecular size of
PBDEs relative to PCBs, which may impede trophic transfer. However,
the exponential increase of PBDEs in the region’s harbour seals over the
past two decades underscores the emergence of o new conservation
threat at the top of the coastal food web.

A Comparison of PCBs and PBDEs in Strait of Georgia
Sediments

Sophia Joharnessen, Fisheries and Oceans Canada

Robie Macdonald, fisheries and Qceons Canoda

Cynthia Wright, Contractor

Albert van Roodselaar, Greater Vancouver Regional District

PCBs are relict contaminants in coastal British Columbia, while PBDEs
are in increasing use. Bolth classes of chemical are highly particle
oclive, so coostal sediments provide a useful archive of their historical
and current deposition. In Strait of Georgia sediments, PBDE congeners
47, 99, 100 and 209 predominate, as has been observed in local
biota. The concentration of BDE-209 is generally at least two orders
of magnitude higher than that of the others. Using seven sediment
cores collected in the Strait of Georgia, we demensirate how local
sediment accumulation and mixing rates offect the observed surface
concentrations of these contaminonts. We discuss local pathways of
PCBs and PBDEs and compare their distribution, depositional history,
ond likely future trends.
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Mass Balance Madel of the Movement of Toxic
Contaminants in the Georgia Basin Feod-Web

Frank Gobas, Colm Condon, Diego Natale, Simon Fraser University
Peter Ross, Deprtment of Fisheries and Oceans

As part of the Georgia Basin Modeling Initiative and related initiatives
in BC to improve the management of loxic chemicals in Vancouver
Harbour and the Straight of Georgia, we have conducted field studies
and mass bolance medeling studies to beftter understand the movement
of potenticlly toxic contaminants in the Georgia Basin food-web. The
need for the study arose s a result of observations that showed that
concentrations of PCBs and other contaminants in Killer whales of

the Georgio Basin are omaong the highest concentralions observed
worldwide. It is expected that current concentralions of several
cantaminants are sufficiently high to cause adverse effects in cerfain
vpperirophic level mammals. To address this problem and work lowards
soluions te reduce confaminant concentrations in the GB food-web

we have developed a preliminary model of the food-web transler

of PCBs in the Georgic Basin food-web. The resuits show that current
environmental quality criterio for the protection of aquatic life are not
able to protect higher trophic level species from the adverse effects

of PCBs and possibly other bicaccumulative contaminants. Medel
results are generally consistent with PCB measurements in freeranging
Harbour seals, although some variation in patterns and among sites

is evident. A strategy for developing environmental quality criteria for
bicoccumulative substances that are protective of upper irophic level
species in the GB food-chain is proposed and the application of mass
balance models lo improve environmental quality of existing substances
and chemicals of emerging concern are discussed.

A Preliminary Mass Balance for Selected PCB and PBDE
Congeners in the Strait of Georgia

Robie Macdonald, Fisheries and Oceans Canada

Brenda Burd, Research Associote, Instifute of Ocean Sciences

Niel Dangerlield, Department of Fisheries and Oceans

Sophia Johannessen, Department of Fisheries and Oceans

Peter Ross, Department of Fisheries and Oceans

Patrick Shaw, Environment Canada

Albert van Roodselaar, Greater Vancouver Regional District

Cynthic Wright, Contractor

During the past several years, we have collected data for PCB and
PBDE congeners from media in the Strait of Georgia including water,
sediments and air. Additional measurements have been made of
organochlorine composition in municipal effluent entering the Sirait of
Georgio. Using these data together with dated sediment core profiles,
and building on a budget for sediment and organic carben in the Strait
of Georgia, we will present a first esiimate of budgetary components for
these contaminants with the intent of establishing the dominont regional
contrals for PCB/PBDE cycling within this system.

 — ——]

séssion 4F: Governance in Trm:lsboundury

Ecosystem Management Il
Chair: Erik Karlsen

Collaborative Planning as a Catalyst for Transboundary
Environmental Governance

Jomes Carruthers *, University of British Columbia
International/ransboundary environmental issues are increasing ond
governance regimes are inadequate to deal with them. Governance
dimensions comprise; international/fransnational; state/substate;
markel-economy; civil society; and individual ogency. Collaborative
planning is proposed to enhance governance response to internafional
transboundary environmental issues, and existing Georgia Basin/Puget
Sound (GB/PS) international/transnational environmental governance
regimes are examined to illustrate this potential.

Three shartcomings of international/transnational regimes are: (1)

lack of horizontal and {2} vertical coordination between regimes, and
(3) lack of internal consensus within, and enforceability of regimes.

A conceptual transboundary collaborative planning environmental
governance framewerk is formulated and opplied to actual GB/PS
governance regimes, confirming that the three shortcomings exist

and reduce regime effectiveness, and that North American regional
transhoundary governance regimes tend to be single-issue and spatially
flow-criented. Minimal scope and depth is exhibited by GB/PS
rrensboundary institutions and individual agents are impeded by lack of
institutional leverage. The conceptuol framework lacks some necessary
attributes and is corrected. Recommendations are proposed for using
collaberative planning lo improve GB/PS internalional/transnational
governance ond for further research. Centribufion to collaborative
planning knowledge is made by showing that collaborative planning
can address international and transboundary environmental issues.

Environmental Governance in Georgia Basin/Puget Sound:
the Roles of Tribes and First Nations

Sara Singleton*, Garrett Bouldin, Western Washington University

The project analyzes the effect of the expanding role of First Nations/
Native American tribes in environmental and natural resource planning
processes affecling transboundary environmentol resources and
problems. A primary goal of the study is to provide managers on both
sides of the border with a better understanding of the constraints within
which each operates in terms of the obligations and opportunities
created by aboriginal trecties and/or treaty negotictions. The project
looks at how management responsibilities are shared among tribal/
nontribal managers, including the differances/similarities on either side
of the border; and how the inclusion of tribes/first nations is affecting
other colicborative planning processes organized by federcl and state/
provinciol managers. The project focuses on current processes to plan
and implement marine protected areas (MPAs) in and around the Puget
Sound/Georgia Strait transboundary marine zone.

Lessons in Accountability ond Governance of Large-Scale
Ecosystem Recovery Efforts

Kathy Fletcher®, People For Puget Sound

The US General Accountability Office has been severely critical

of large-scale ecosystem recovery efforts in Chesapeake Bay, the
Everglades and the Great Lakes, because of lack of accountability for
results and the absence of effective governance structures. This issue
was {will be) explored by representatives of GAQ, the Great Lakes,
the Gulf of Mexico and San Francisco Bay ot the Restore America’s
Estuaries national conference in December 2006 in a panel (to be)
moderated by tha author. What can we learn from these discussions,
and how can we apply the lessons learned to Puget Sound?

The International Watersheds Initiative
Commissioner Irene Brooks*, International Joint Commission

Population growth and urbanization, climate change, and chonging
uses of water put new stresses on watersheds. These, along with
pollution from both air and frem land uses, and exofic species
Population growth and urbanization, climate change, and changing
uses of water pul new stresses on wotersheds. These, along with
pollution from both cir and from land uses, and exofic species
introductions bring & continued and growing threat to water supply and
quality, hobitat, and biological diversity within watersheds. To better
meet these challenges in the boundary waters shared by both the United
States and Canadg, the Internafional Joint Commission {IJC), in its 1997
publication entilled The IJC and the 21st Century, propesed the creation
of internalional watershed boards. The IC is a binational Canada-U.S.
organization created by the Boundary Walers Treaty of 1909, and is
independent of the Canadian and U.S. Governments. With its successful
history and over twenty binational boards and task forces active in
boundary waters from the Pacific to the Atlantic, the 1JC is in @ unique
position to transform some in various basins into eco-system based



watershed boards. Such boards would adaopt an integrative, ecosystem
approach to transboundary water issues, involve local interests, and
build local capocity at the walershed level. They would offer o proven
means for dealing with situations of asymmetrical governance in the
two countries and an improved mechanism for avoiding ond resclving
transboundary disputes. In 1999, the governments gave a reference to
the L/C to advance the concept. In reperting on its further development
of the concept, and progress on the development of wotershed copocity,
the UC published Transboundary Watersheds in December 2000

and A discussion paper on the Internclional Watersheds Initiative:
Second report to the governments of Canada and the United States in
June 2005. The presentation will also cover progressive steps of the
international watersheds initiative, parficularly in the St. Croix, Red, and
Rainy River watersheds.

Tides of Change: Place Meanings and Social Ecological
Systems in the Broughton Archipelage

Matthew Bowes *, University of Victoria

Understanding the concepts of “place” can enable natural resource
mancgers to interpret more clearly the relationships people have to the
iand. However, inclusion of “place” in the dominantly technical miliev of
planning often poses interesting problems in appropricte and sensitive
representation.

In this qualitative study conducted in the Broughton Archipelago near
the north eastern tip of Vancouver Island, map-based interviews enabled
narrative data to spotially represent sense of place or landscape
meanings and values. This technique created o perceptive and

creative medium tor the elicitation of londscape values which revealed
socioeconomic and environmental fransformation.

As the greater story of place meanings in the Broughten Archipelogo
unfolded as salmon emerged as a symbol of the cullural landscape,
ecology and economy of the Broughton Archipelago. Moreover, salmon
surfaced as a metaphor for raditional rural livelihoods and a way of life
but also for globalization and its processes. Such symbols become more
important when threatened and the consequences of the loss of salmon
challenge the resiliency of o complex social ecological system in the
Broughton Archipslago. A ¢all for adaptive management emphasizes
fsedback from the environment and the stale of the resource through
social and ecological memory over time to develop policy. Moreover,
social networks that inform each other from a wide range of local and
international governance create an overall adaplive governance system.

Estuaries, and the Entire History and Future of Humans on
Earth

David Henry*, Padillo Bay National Estuarine Research Reserve

Estucries have been the gathering spot for humon civilizations for
9.000 years. Will they conlinue to be? The historical use of estuaries
by humans is fraced through time tc present day estuary megacities.
A review is given of human impacts to estuaries and scenarios for the
future, including solutions for the present situction.

Session 5A: Point Source Pollution: Outfalls
Chair: Christianne Wilhelmson

Siting a New Wastewater Treatment Facility Marine
Outfall: a Comprehensive, Ten-Year Study

Scott Mickelson ™, King County Marine and Sediment Assessment Group
Population growth in King County necessitated planning a new
wastewater treatment plant with @ marine outfall to Puget Sound. The
County undertook a ten-year program of studies designed both to
appropriately locate the marine outfall and to meet outfall lease and
permit requirements.

Field studies began in 1998 to evaluate potential sites for the

outfall. Physical oceanography studies included deployment of
current melers, drift cords, and drogues, along with Aucrescent dye

releases. Submarine geophysical studies included sidescan sonar,
sub-botom preliling, high-resolution seismic reflection, and precision
bathymetric mapping. Nearshore and offshore water quality studies
included analysis of microbiclogical, conventional, metal, and organic
parametlers. Offshore waler<aolumn profiling also included a primary
productivity study. Nearshore habitat studies included vegetation and
substrate mapping with sidescan sonar and videagraphy, along with
bicta surveys of geoducks, spot prowns, and forage fish.

Information from these studies was used in the project environmental
impact statement and the site selection process. The final ocutfall site
was chosen in December 2003, at Point Wells on the King/Snohomish
county line.

Baseline studies performed to meet outfall lease and permit requirements
included sediment characterization at the outfall diffuser, nearshore
benthic infauna characterization at the outfoll construction trench, an
intertidal biota survey, an eelgrass survey, a Dungeness crab survey,
and waler column menitoring.

Estimating the Impacts of Domestic Discharges to the
Ocean - A Case Study from Indian Arm

lan Dyck*, M.Sc., P.Eng., WorelyParsons Komex

Stephen Pond, Ph.D,, University of British Columbia

Don Dunbar, Ph.D., Lerax Environmenta! Services Ltd.

Alexi Zawadzki, M.E.S,, WorleyParsans Komex

Joy McNee, Ph.D., Lorax Environmental Services Lid.

Peter Howland, B.Sc., WorleyParsons Komex

Indian Arm is a small fjord connected te Burrard Inlet which enters

the Strait of Georgia; together they are Vancouver Harbour. A study
to investigate the discharge of domeslic wastewater into Indion Arm
was inifiated by the Vancouver Port Authority, the agency responsible
for dischorge of effluent into the Harbour. Funding for the study was
provided by the Burrard Inlet Environmental Action Program. The
study included hydrologic, sediment and nutrient loading assessments,
combined with modelling to assess potential impact and mitigation of
future efflvent loading. Exisling discharge was estimated at 64 homes
discharging 95 m3/day and a future worst case discharge scenario
was estimated at 233 homes discharging 380 m3/day. Hydrologic
analyses indicated that the 380 m3/day represents <0.06% of 100-
year dry weather freshwater inputs to Indian Arm. Annual efflyent
sediment was estimated to be <0.03% of natural sediment. For worst
case nutrient inputs, domestic efflyent would account for 5.4% of nitrate
and 8.7% of phosphate inputs to the surface layer. A 2-D [vertical and
along channel) madel of Arm circulation and a local dilution model
were used for a range of discharge scenarios. There is litle potential
for accumulation of wastewater constituents within indian Arm, provided
outtalls discharge at 10 m depth.

Linked Biotic/ Geochemical Indicators of Organic
Enrichment: Case study Using a Ubiquitous Bivalve

Albert van Roodselaar, Greater Vancouver Regional District
Brenda Burd™, Fcostat Research Lid

The observation of certain sheli staining patterns for o small ubiquitous
bivalve in the southern Strait of Georgia can be directly related 1o
sediment geochemical changes due to erganic enrichment. The
relationship depends on background levels of certain redox metals as
well. The distribution of shell staining types responds in a somewhat
sporadic manner until a threshold level of geochemicel change {as
measured by AVS) is reached, beyond which the change is rapid and
dramatic. The staining patterns are different in scale for adults and sub-
adults,

The shell staining may be o useful indicator of temporal patterns of
geochemical conditions over the lifespan of the bivalves. However,
the usetulness of this shell indicator would be greatly anhanced by the
concurrent understanding of the tolerance of the species to verying
levels of organic enrichment. This is discussed in context with other
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important habitat constraints using multi-year data from ambient and
outfall monitoring programs from the southern Strait of Georgia.

Subtidal Benthos of the Southern 5trait of Georgia in
Relation to Natural and Anthrepogenic Particulate
Seidmentation, Transport and Burial

Brendo Burd ™, Robie Macdonald, Sophia Johonnessen, Institute of
Ocean Sciences

Phillip Hill. Natural Resources Canada

Data on the softbottom communities of the southern Strait of Georgia
has been accumulating from various studies and monitoring pregrams
over the past 25 years. These data have been collated into a database
cross-linked using a taxonomic coding system developed for BC. As
part of the GYRD/DFO/NRCan collaborative Ambient Monitoring
program for the Skait, biotic patterns will be assessed in relation to mass
balance models of organic and inorganic cycling, sedimentation and
burial in the strait, as well as patterns of contaminant distributions.

As part of this exercise, the relative importance to the bicta of the major
drivers in the sedimentary ecosystem will be discussed, including; the
Fraser River; ocean dumping; outfalls; multiple discharge sources in
Burrard Inlet; unquantifiable potential hazards such as bottom trawling
or dredging, methane seeps, slope failures, etc.

Session 5B: Marine Debris Removal Programs in

Washington
Chair: Ginny Broadhurst

A Tool for Local Agencies: the Derelict Vessel Removal
Program

Melissa Monigomery ™, Sarah Dzinbal, Washington State Department of
Noatural Resources

Abandoned and derelict vessels often pose hazards to navigation,
detract from the aesthetics of our walerways and threaten the
environment with the potentiol release of hazardous materials. The
2002 legislature passed the Derelict Vessel Act, which provided

the basis for the Derelict Vessel Removal Program. Administered

by the Washington Department of Natural Resources, this progrom
provides local ond certain state government entities with the authority
ond funding to resolve derelict ond abandoned vessel issues within
their jurisdictions. The program is funded primarily by o $2 fee

on recreational vessel licensing. Since the program’s inception,
approximately 200 vessels have been successhully removed.

The derelict vessel statutes (RCW 79.100) authorize certain entifies to
take temporary possession of vessels in danger of sinking or breaking
up and therefore allow vessel removal in colloboration with emergency
response by Ecology and the US Coast Guard.

The 2006 legislcture improved the derelict vessel skatutes by making it
a misdemeanor fo cause a boat to become derelict or abandoned and
by allowing vessel owners to request a hearing to challenge a custody
decision. Though challenges still remain, this pragram is a useful tool
that agencies can use to resolve derelict vessel issues.

Survey and Removal of Creosote Debris from the
Northwest Straits

Lisa Kaufmon *, Washington State Deportment of Natural Resources
Ginny Broadhurst, Northwest Straits Commission

The Washington Department of Natural Resources (DNR) and
Northwest Straits Commission {NWSC) are working to remove creosote
and other treated wood debris from beaches throughout the Northwest
Straits.

Wood debris naturally occurs on beachss throughout the Northwest
Straits region. A significant portion of this debris however, comes from
derelict piers, docks and other structures and is heavily laden with
creosote. Creosote contains several hundred chemicals, many of which

are known to be hazardous. Creosote waad debris exposed to the sun
and elements on the shoreline is potentially harmhul to forage fish and
other marine life that utilize the beach for spawning.

Initial field surveys showed approximately 20-30% of accumulated
wood debris at some sites was Ireated with creosote. Further surveys
and removal operations have produced date on actual tonnage of
creosote and other treated wood debris ot levels above inilial estimates.
Maps are being produced that illusirate different accumulations at
different sites.

Since 2002, this partnership has removed over 600 fons of
contaminated malerials from shorelines in a highly cost effective manner.
Surveys ufilized trained volunteers and collected data on GPS units.
Removal operations employ work crews and either barges or helicopters
to transport woed to disposal containers. DNR is also removing creosote
pilings throughout Puget Sound in order to eliminate a major source of
this marine debris.

The Impacts of Derelict Fishing Gear to Species and
Habitats in Puget Sound

Ginny Broadhurst*, Northwest Straits Commission

Jeff June, Natural Resources Consultants

The Northwest Straits Initiative developed a derelict fishing gear survey
and removal program in Puget Sound with funding from Federal,
Tribal, State, and local governments and private foundations. Initial
occomplishments included establishing protocols for safe gear removal
and a reportfing system for fishermen and the public to report lost gear.
Over the past few years the program has focused on removing gear
and quantifying the impacts that derelict is hoving 1o the Puget Sound
ecosystem. During173 days of removal effort, divers have removed
46 derelict nets covering 94 acres of habitat and containing 13 dead
marine mammals, 111 dead seabirds, 779 live and dead fish and
4,971 live and dead inveriebrates. Of 1,179 derelict crab and shrimp
pots remaved, 39% were still actively fishing and contained 1,690

live and 334 dead crab and other animals. These numbers provide
just o snapshol in time of the species being harmed by derelict gear.
New methods to genetically identify bones ore providing improved
understanding of which bird species are most impacted by derelict
nets, In addition to entangling animals, derelict nets and pots frequently
smother and degrade the marine habitats in which they were found and
pose scfery threats to humans.

Out of Sight, Out of Mind: Derelict Fishing Gear and its
Impacts on Marine Fauna of the Puget Sound-Georgia
Strait Basin

Thomas Good™, NOAA/NMFS/NWFSC

Jeffrey June, Natural Resource Consultants, Inc.

Mike Einier, Applied Osteclogy

Derelict fishing gear-lost or abandoned commercial and recreational
fishing nets, lines, pots, and traps that sit or float underwater—can

remain in the marine environment for years. Unseen and thus largely
unquantified, this type of marine debris can trop and kill a variety of
marine organisms. Recovery and removal of derelict gillnets and crab
pots and traps from Puget Sound ond the Straits of Georgia and Juan de
Fuca since 2002 has enabled us to document the capture and mortality
of marine taxa. Specimens collected during gear recovery are identified
to the lowest possible taxon and enumerated: as nets are hauled
onboard; during laboratory dissections; and/or using osteclogical
charocters for skulls and post-cranial material. The proportion of
organisms found dead varied among taxa: marine mammals {100%);
birds (100%); fishes {25%); and invertebrates (15%). To explore the risk
to marine fauna posed by derelict gear throughout the regicn, we are
investigating the influence of gear location, habitat type, water depth,
net type, vintage, length, heighl, and fishing ability of derelict gillnets on
the number, identity and disposition {alive or dead) of marine organisms
found in recovered derelict gear. Derelict gear recovery from hotspots



for marine fauna [MPAs, haul-out sites, wildlife refugres) as well as
genstic analyses of bones will refine analyses fo estimate the impaci of
derelict gear mortality for regional marine taxa as well as species of
conservation concern.

Session 5D: Dynamics of Garry Oak Plant
Communities
Chair: Wayne Erickson

Origins and Sustainability of San Juan Archipelage Garry
Oak Populations

Madrona Murphy*, Russel Barsh, KWIAHT

Despite the growing interest in “releasing” older Gorry oaks in the

San Juan Archipelogo using clearing and prescribed burns, our
understanding of their history and ecology has been based on
assumptions from other oak populations in the western U.5. Itis

widely perceived that ook-dotted grasslands preceded Douglas fir
forests in the San Juans, either "naturally” or as o result of fire-sfick
management by Coast Salish peoples, and will regenerate if “released”
from the surrounding firs. Studies of regional pollen recards, and our
comparative studies of contemparary cak groves on Waldron, San Juan,
Oreas and Samish Islands raise questions about these assumptions.
Ock abundance has declined in the region for millennia; while Coast
Salish people may have encouraged groves in the past, today’s island
populations have been influenced more by 19th century logging and
planting. Releasing older oaks does not address the issue of recruiment
in on archipelage lacking in most caching animals. Without a focus

on recruitment recommendations have also ignored the growing
abundance and diversity of oak parasites, which has attracted attention
on Voncouver [slond. Other important endemic trees, e.g. cedars and
arbutus, historically formed a larger part of the islonds’ landscapes, but
their decline attracts less attention.

The Role of Local Environmental Conditions and Landscape
Context in Determining Plant Diversity In Garry Oak
Ecosystems on Southeastern Vancouver Island

Patrick Lilley *, Mark Vellend, University of British Columbia

Throughout the Georgia Basin Puget Sound region, human land use
pafterns are converting natural ecosystems to fragmented networks of
habitat patches. On southeastern Yancouver Island, the endangered
Garry ock {Quercus garryona) ecosystem has been fragmented by
urbon development, agriculture and foresiry such that less than 1-5% of
the ecosysiem remains in @ near-natural state. Many cf the remaining
patches of Garry oak ecosystem exist as &habitat islands’ in parks and
protected areas. These habitat patches are crucial reservoirs for the high
plant species diversity characleristic of this ecosystem. However, patches
vary substantially in their local environmental conditions as well as their
size ond position within the surrounding landscape. Designing effective
policies to conserve species can benefit from a thorough understanding
of how environmental characteristics and londscape context influence
species distributions and diversity.

We surveyed plont community composition and diversity in 43 Garry
oak habitat patches that vary in their topography, tree cover, soil
conditiens, areo and connectivity ta assess the relative importance of
these factors in influencing plant distributions and diversity patterns. The
resulting analysis provides o framework fo assess the valve of existing
protected sites, prioritize new sites for protection, and generate new
hypotheses for future experimental work on factors that control plant
populations and community dynamics.

Invading Geese Facilitate Invading Grasses in Canada’s
Gulf Islands National Park Reserve

Rebecca Best™, Peter Arcese, Uiversity of British Columbia

Non-notive Canada geese have been nesting in British Columbia’s Gulf
Islands since the 1980s, and are altering rare island plant communities

through grazing and seed dispersal. Some of the best remnants of
Garry ock ecosystem, these islands currently have high cbundances

of native plant species but are rapidly being invaded by non-native
grasses. Using open and exclosed plots at 19 sites on eight small
islonds, we found that geese feed selectively on these grasses, and that
the grasses produce more stems under grazing. By germinaling seeds
from goose feces, we also found that geese can disperse the seads of
these grasses in their guts. While the non-native grosses benefit from the
novel grazer, notive forbs not adapted to competition under grazing
are declining on these islands. Although theory suggests the grasses
should be limited by a selective enemy, our results show that co-evolved
grass and grazer strategies can benefit multiple non-native species and
degrade native communitias

Session 5E: Toxic Loading To the Marine

Environment
Chair: Scott Redman

Development of an Empirical Water Quality Model for
Stormwater and Watershed Land-Use in Puget Sound
Christopher May™, Jill Brandenberger, Valerie Cullinan, Battelle Pacific
Northwest National Laboratory

Robert Johnston, Puget Sound Naval Shipyard

Sally Lawrence, Waoshington Depariment of Ecology

A wotershed-based assessment of stormwater pollution in the

Sinclair Dye Inlet watershed was conducted as part of the Project
ENVironmental inVESTment (ENYVEST) being conducted by the Puget
Sound Naval Shipyard in cooperation with the U.S. Environmental
Protection Agency, Washingten State Department of Ecology, the
Suquamish Tribe, Kitsap County, the City of Bremerlon, the City of Port
Orchaord, and other local stakeholders. The goal of this study was to
identify stormwater polluion problems within the Sinclair-Dyes Inlet
watershed and to develop and empirical model of the relationship
belween stormwaler pollution and watershed land-use. This study
quantifies stormwater pollution based on extensive monitering and
sampling program. Data from this effort is then used to develap an
empirical model relating stormwater pollution to land-use and land-
caver choracteristics. In this manner, water-quality parameters can be
estimated for the entire watershed without having to moniter all sources.
As part of this study, an integrated watershed-receiving water model
was developed fo predict pollution levels for o wide range of land-use
scenarios. This study was conducted to provide the tachnical information
needed to continue current water quality clecnup efforts and tc help
implement future efforts to protect and restore beneficial uses. This
approach holds great promise for use in other areas of Puget Sound.

Urban Toxics Load to Puget Sound - A First Approximation
Gary Minton®, Sierra Club, Cascade Chapter

Steve Ruden, Woter Quality Consultant

The authors have used readily available information to develop

an annual looding estimate of key pollutants from primary urbon
sources. A loading estimate was first made for the City of Seatile. The
estimates were made for three primary sources: public wastewater
discharges, stormwater runoff, and combined sewer overflows. The
pollutants considered were fecal coliform, phosphorus, nitrogen,
aggregate metals, pesficides, and petroleum hydrocarbons. The
simple spreadsheet model generates loadings based on known

volume discharges and concentrations {CSOs and wastewaler planls),
or acreages and per unit acre loadings (slormwater). A per copila
loading was calculated knowing the population of Seate. The lotal
urban loading was estimated by mulliplying the total urbon population
of the Puget Sound watershed times the per capila loading estimated
for Seattle. The total urban population was obtained from U.S. census
information updated to 2005, The authors will aiso discuss the weak
points of the estimated loadings and recommendations on field research
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to better define key elements to improve loading estimates.

Preliminary Estimates of Toxic Contaminant Loading to
Puget Sound

James Maroncelli*, Deportment of Ecology

Sco#t Redman, Puget Sound Action Team

The Puget Sound Parinership and its advisors have recommended that
efforts to reduce toxic contaminant loading to Puget Sound be guided
by a beter understanding of the major pathways by which toxic
contaminants enfer Puget Sound and are transkered through the Sound.
In response to this recommendation, the U.S. EPA end Washington State
Department of Ecology have agreed to undertake a project to develop
preliminary estimates of the loading of toxic contaminants to Puget
Sound. This project, to be initiated in late 2006 and completed by mid-
2007, will use existing information to estimate (or identify the barriers to
estimating) toxic chemical loadings from direct-to-Puget Sound discharge
of industrial wastewater, effluent from sewage Ireatment plants,
stormwater from municipal stormwater management systems, stormwalter
from indusirial facilities. To the extent possible, this project will alse
attempt lo characterize loadings of toxic chemicals from discharge of
major rivers and streams, atmospheric deposifion to the waters and
tidelands of Puget Sound, nen-point runoff, groundwater discharge,
migration of biota, and transfer to and from bottom sediments. This
presentation will describe the types of data thot are available for the
project, the estimation approaches used, and preliminary estimates of
loadings from the various sources and pathways.

The Permitted Loading of Toxic Constituents to the Puget
Sound Basin

James Maroncelli*, Nancy Winters, Gary Bailey, Department of
Ecology

The Water Quality Program of the Washington Department of Ecology
reviewed available informalion to quantify the permitted discharge

of toxic constituents into the waters of the Puget Scund Basin. The
reviewed information included NPDES pointsource individual non-
stormwaoter permits and the manitoring data submitted by permittees

vio their Discharge Monitoring Reports. The review found that a
relatively small number of permils existed that identitied discharge

limits for toxic conslituents, though more of them did require periodic
monitoring for toxic consfituents. The calculoted permitted loadings
must be considered reasonable maxima for the permittees because

the design flow information in the permits and the accompanying Fact
Sheets often indicated a much greater potential flow than the permittees
typically reported as actual flow. Also, since Ecology permit managers
have typically erafted permits to closely fif the specific operations and
discharge characteristics of each facility, the extraction and aggregation
of comparable data was often difficult.

Mixing Zone Contributions of Persistent Bioaccumulative
Toxic Chemicals into Puget Sound

Heather Trim*, People For Puget Sound

Anna Yost, Jennifer Pengilly, Wm. Laird O 'Rollins, Ada Homilton,
University of Washington

Mixing zones are currently parmitted for wastewater discherges into
Puget Sound and its droinages. Mixing zones are roughly spherical
dilution areas in waterbodies around discharge pipes in which
conlamination levels are allowed to be higher than water quality
standards. Mixing zones in Puget Sound range in size from o few feet
to 1600 feet in diameter. Compliance with permit limitations is required
at the edge of mixing zones. Persistent bioaccumalative toxic {PBT}
chemicals are of concern in these areas because of their potential to
adversely impact the food web and to accumulate in salmon, seals,
orcas, and other species. Contaminants in permitted discharges with
mixing zones in Puget Sound include arsenic, chromium, copper, zinc,
PCBs, and dioxin. PBDEs are a huge unknown and are not addressed.
There are over 1000 permitted discharges in Puget Sound, including

over 100 sewage traatment plant ouffells - most with mixing zones
allowed. The elimination of mixing zones in Puget Sound could be o
strategy for reducing the harm from PBTs. An aggressive source control
program is needed.

Session 5F: General Management and Planning
Approaches/Tools

Chair: Scoit Brewer

Projecting Buildout Conditions in the Hood Canal
Watershed: impervious Surface Estimates for Watershed
Planning and Salmon Recovery

Gretchen Peterson ™, Peterson GIS

Scott Brewer, Hoed Cancl Coordinating Council

An important indicotor of watershed health is the ratio of impervious
surface to lond-area. In order to contribute to summer chum salmon
recavery planning, research on how much impervious surface area can
be expected for a given land use along with a rigorous error analysis
was carried oul and will be presented. A model of future land use given
zoning regulations and current land uses was subsequently developed
that used the impervious surface ralios as an input. From this model,
estimates of future impervious surface quentity within the watersheds of
the Hood Canal summer chum habitat were derived.

Data from two counties in Washington State containing more than
44,000 parcels were analyzed in conjunction with 5-meter impervious
surface data and zening delinections within a geographic informaltion
system. The impervious surface ratios in the study area ranged from 0%
16 52% for the various land use groups. Watershed impervious surface
esfimates under buildout conditions ranged from 0% to 32%, with some
watersheds increasing in impervious by more than 50% while others did
not change significantly. Calculations for riparian corridors, nearshore
zones, and esluaries were clso compuied. Mops of the analysis areas
and their resulis will be shown.

Land Use Permit Tracking: Monitoring and Evaluation
of Land Use Regulatory Programs for Salmon Recovery
Planning in Hood Canal

Scott Brewer *, Hood Canal Coordinating Council

Gretchen Peterson, Peterson GiS

John Kliem, Creative Community Solutions

As part of the implementation of the Hood Canal and Eastern Strait

of Juan de Fuca Summer Chum Salmon Recovery Plan {Plan), HCCC,
working with County and Tribal staff, is pursuing a tracking system for
the regulation of land use and development. The intent of this approach
is to gather information from each jurisdiction; sum up that information
and those trends at the regional scale; and assess significant departures
from current land use regulations. The HCCC is currently assessing

the magnitude of those differences and ways to overcome them. Also,
there is na current system in place that can aggregate data and assess
trends ol the ESU scale. This is crilical because the Plan analysis of
regulatory programs (build-out onalysis and regulotory program review)
concludes that current land use regulatory regimes cre adequate to cid
summer chum salmon recovery. But, this is the case only if those regimes
are maintained. If signiticont relaxation of those current regulations
tokes place, then that assumption of adequacy may be undermined.

To address this issue, the design and implementation of a land use and
development permit querying system is in development. The following
questions can then be discussed: 1) can a system be developed

that racks land use and development over lime?; 2) how does the
information impact Plan implementation and development?; and 3} can
this information be used to update land use codes, regulatory programs,
and affect implementation policy?

Ecosystem Status and Trends Assessment
Robert Rankin*, Rise Smith, Environment Canada



The Biodiversity Working Group of the Cenadian Council of Resource
Ministers is in the early stages of preparing a science based assessment
of Canada’s ecosystems. The Ecosystem Status and Trends Assessment
(ESTA) will provide an integrated assessment of current status, emerging
trends and significant stressors of Canada’s ecosystems. It is intended
to contribute recommendctions for a national system for ecosystem
moniloring and status and trends reporting, to add an ecosystem
component to species and protected areas assessments already
completed and to provide information on Canada’s contribution
towards the 2010 global target to reduce the rate of biodiversity loss.
As part of the preparatory work for the ESTA we have surveyed a

wide range of experts on ecosystem based indicators currently in use

in Canode, the temporal and spatial extent of data to supporl them

ond critical gaps in information necessary to understand the status of
our ecosystems. The results of this survey will presented along with

an analysis on how these results will be used to develop the ESTA. A
discussion with the cudience on the survey results and their relevance to
other ecosystem based assessments will be encouraged.

Use of Coast Salish Knowledge in Early Studies of Pacific
Salmon Zoology, 1855-1840
Russel Barsh*, KWIAHT

Ethnoscience, or the study of indigenous, tribal and local knowledge
systems, developed as a discipline within cultural onthropology

and psychelogy in the 1950s. However, one pioneering study by
American naturdlists in the Salish Sea relied upon local knowledge a
century earlier. In their efforts to compile a comprehensive zoology

of the salmonidae of the Pacific Coast, members of the Northwest
Boundary Commissicn’s scientific leoméDr. George Suckley, Dr. C.B.R.
Kennerly, and George Gibbséassiduously compiled the views of a
dozen Northwest nalive peoples on the laxonomy and behavior of
salmonidce, including extensive vocabularies in Coast Salish languages.
Native knowledge was used in many instances to resolve issues of
taxcnomy, as well as determining which specimens were juvenile forms
of species originally known only from observations of adults. Edited
transcriptions of the team’s field notes and correspondence, soon to

be published for the first time, offer insights inlo the nature and extent
of Coast Salish pecples’ understanding of salmonid bioclogy and its
influence on 19th cenlury Pacific Coast zoology. They also provide a
baseline for the spatial distribution and annual timing of salmonid runs
150 years ago.

Improved Decision Making with The Boater Information
System

Janet Olsonbaker*, David Jones, Troy Tanner, Applied Physics
Laboratory, UW

Boaters need improved weather and oceanographic tools to make
informed decisions about their use of Puget Sound. Boaters, i.e., sailors,
power boaters, koyakers, fishers, windsurfers, and kite boarders have to
search numerous websites, TV and radio stotions, and paper documents
to plan a irip in the highly variable Northwest environment. Access

1o this information is cumbersome and the intarmation is not always
understandable or usable by boaters. The Boater Information System
(BIS] is o decision-making tool designed through collaboration with
boaters to meet their needs. The goal of BIS was to improve boater
safety while protecting critical resources. Boaters were surveyed and
have served on a cilizen adviscry board to help scientisis, software and
web engineers build this cutting-edge tool boaters are now using. Vio o
web portal, BIS delivers winds, tides, currents, and other critical data on
on interactive map disploy. Oceanographic and meteorological forecast
infermation is translated and visvalized along the routes boaters select.
They can designate a threshold wind value that will color code winds to
meet or exceed this value. Puget Sound boaters want this tool expanded
for cruising in the Georgia Basin; access to similar data in the Georgia
Basin could make this a reality.

Enhancing Transportation Project Delivery Through
Watershed Charaderization
Richard Gersib*, Washington State Depariment of Transportation

Watershed characterizalion is a planning tool developed by
Washington State Department of Transportation to identify alternative
mitigation opfions lo conventional stoermwater flow control and the on-
site mitigafion of unavoidable natural resource impacts. This paper
presents the work of an interdisciplinary technicol team tasked with
answering the question: Where dc we restore degraded natural
resources that mitigate fransportation project impacts, maximize
long4erm environmental benefits, and reduce project cost? Guiding
principles, results, and lessons learned are presented from four
watershed characlerization projects completed on the -405, SR-520,
and SR-167 corridors in King, Pierce, and Snchomish Counties in
Washingfon State.

Panel 6A: Small Wood Debris and Impacts on

Nearshore Habitats
Co-Chairs: Hilary S. Culverwell and Andrec Maclennan

This panel will address a number of issues including: source of wood
waste in the Georgia Basin Puget Sound region, impacts to marine
communities, the extent of the problem in the GBPS region, examples of
impacts, remediation and restoration efforts, ond lessons learned from
restoration efforts.

Ponel Members:
* Joel Breems, University of Washington and Skagit Fisheries
Enhancement Group
*+ Russ McMillan, Woshington State Dept. of Ecology
¢ Jon Houghton
« Chris Picard, University of Victoria
« Joel Elliott, University of Puget Sound
* Clay Patmont, Anchor Environmental

Sediment Wood Debris: Potential Physical EHects, Toxicity
Relationships, and Implications for Restoration

Clay Patmont, Dan Hennessy, Anchor Environmental, LLC

Bill Gordiner, Weston Selutions

Joe Germano, Dave Browning, G&A

Steve Thiele, Stoel Rives

Numerous forest products facilities have historically operated in the
Northwest. While changing market condilions have closed many of
these fecilities, and regulations have centrolled ongeing discharges,
histarical releases of bark, wood chips, and sawdust have resulted in
wood debris accumulations in regional sediments.

A wide range of focused investigations of the adverse environmental
effects of wood debris in the aquatic environment have been conducted
in the Northwest. The type and degree of impacis have varied widely
depending on the concentration and type of wood debris and the
environmental setting. In many cases, benthic succession processes
have mitigated wood debris impacts.

The fibrous/Hocculent physical characteristics of certain wood debris
materials can render the sediment habitat less suitable for colonization
by certain species. However, chemical toxicity associated with wood
debris degradation chemicals has baen less commonly observed.
Distinctions between physical and chemical impacts associated with
wood debris in sediments moy determine the appropriate restoration
approach and the regulatory/legal authority upon which aclions are
often based.

Extensive wood debris restoralion octions have been completed within
the region, ond hove included o range of source control, capping, end
dredging remedies, all of which have been demonstrated to be effective
in particular situations. Lessons learned for future restoration actions are
summarized.
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Session 68: Marine Fish Dynamics |
Chair: Wayne Palsson

Regional Variation in ICUN Redbook Listings of Marine
Fish Species: Overzealous Listing Activity in the Atlantic or
Too little in the Pacific?

Doug Hay™, Fisheries and Oceans Canadao, Pacific Biologicai Station

The ICUN {International Union for Conservation of Nature and Natural
Resources) Redbook has nine categories of which six are &conservation
listings’. These describe incremental degrees of concern ranging

from vulnerable or neorthreatened lo &extinct’ or éexlincl in the wild'.
Three categories are relaled to instances of unwarranted concern, or
insufficient information. The frequency of conservation listings of marine
fish species varies significantly among the FAC marine areas and is
significantly higher in oll regions of the Atlantic than the Pacific. This
difference is significant (P<<0.01) when compared {i) according to

the number of listed species as a proportion of fotal species present or
{ii} as the proportion of listed species per unit area. Specifically, for
North America, there are more species listed in the north Ailantic {13)
than the north Pacific (4). The lower frequency of Pacific listings could
reflect geographic differences in species vulnerability. Alternately,

the difference may reflect a lowar profile for conservation biology of
morine fish species in the Pacific. A review of the status of key smelt
species [Osmeridae), which is endemic to the north Pacific, shows four
instances of valid conservation concerns where Redbook listings might
be considered. These include several populations of smelt species in the
Georgio Basin,

Fraser River White Sturgeon: Science, Knowledge and
Action in Support of a Sustainable Transboundary
Population

Troy Nelson™, LGL Limited Environmental Research Associates

Bill Gazey, W.J. Gazey Research

Karl English, LGL Limited Environmental Research Associates

Rick Hansen, Rick Hansen Man In Motion Foundation

White slurgeon [Acipenser fransmontanus) is an ancient species

and the largest freshwater fish in North America, attaining lengths in
excess of 6 m and weights of more than 600 kgs. Tough and resilient
to environmental change, they can tolerate both fresh and salt water
environments; however, white sturgeon spawn anly in fresh water. In
the lower Fraser River and estuary, white sturgeon sit at the apex of

a complex and fragile ecosystem that is also an integral component

of the greater Georgia Basin ecosystem. In November 2003, white
sturgeon in Canada were designated “endangered” by the Committee
on the Stctus of Endangered Wildlife in Canada {COSEWIC). Since
1999, the Fraser River Sturgeon Conservation Seciety has managed an
intensive stock menitoring and assessment program for white sturgeon in
the lower Fraser River. This significant, volunteer-driven mark-recapture
program (utilizing PIT tags) has successfully coordinated partnerships
and in-kind contributions from true stewards of the resource: sport fishing
guides, recreational, commercial, and cboriginal fishers, test fishery
ond enforcement personnel, and various fishery monitors. Program
results have reduced knowledge and dato gaps, and provided relicble
information used by resaurce managers for stock recovery ossessment.
Priorilized slock recovery actions have been identified in a Fraser River
White Sturgeon Conservation Plan, and a technical/community "team”
appreach has been adapted to implement these agtions.

Seattle Aquarium’s Sixgill Shark (Hexanchus griseus)
Conservation Ecology Project Update

Shawn Larson®, Jeff Christiansen, Joe! Hollander, Seattfe Aquoarium
Seatile Aquarium biologists have been informally menitoring sixgill
shark (Hexanchus griseus} sightings for the past 10 years and
formally studying sixgill population ecology for the past three years.
The aquarium’s Sixgill Shark Population Ecology project is a long-

term conservation research program to address gaps in the body of
scientific knowledge on these relatively unknown local animals. Living
mainly at abyssal depths {2000-5000 m) but also in shallow waters

of Puget Sound, Washington, sixgills are thought to be longlived and
slow-growing, and appecr to have established movement corridors
and territories that remain relolively fixed over time. No information
exists on how many sixgills are in Puget Sound, whether they are
year-rcund or seasonal, local or migratory, or whether they use local
water primarily for feeding or for recrvilment. The Aquarium’s sixgill
population ecclogy research involves three interwoven projects lo
determine aspects of basic sixgill biology using the techniques of (1]
genetics research, (2) visual marker tagging, and (3} acoustic tracking.
The project will ultimately expand from the Aquarium to include the
rest of Puget Sound and beyond, eventually including studying sixgill
populations worldwide. The Aquarium had to suspend its visval and
ocousfic tagging portion of the project in July 2005 because of
censtruction above and below the pier. The underwater tagging portion
of the project will begin again in 2007 when the underwater protected
contact research station is rebuilt. Here we update the progress of the
sixgill research since the 2005 conference. Specifically we will share
data on the number of tagged sharks returning to our research site,
our progress with tracking acoustically togged sharks and significant
population genetics resulls fo date.

Impacts of Disease to Wild Fish Populations with Special
Reference to the Salish Sea Region

Poul Hershberger*, Marrowsione Marine Field Station

Jim Winten, Western Fisheries Research Center

Infectious and parasitic diseases are integral components of
population dynamics and ecosystem function, and disease processes
in wild populalions are governed by a combination of natural and
anthropogenic factors. In human and terrestrial animal populations,
disease impacts are relafively easily observed and well documented;
however, in populations of wild fishes, anclogous disease events

often go unobserved, and the ecological impacts of epizootic and
chronic disease mortality are extremely difficult to enumerate. This
observational difficulty has resulted in a general lock of understanding
of disease ecology principles governing wild fish populations;
consequentially, inexplicably large errors okten occur in predictive
population models. We will review classic examples of chronic and
epizootic moriality in fish populaticns throughout the world and discuss
population and ecosystem-evel shifts that occurred as a result, We will
conclude by presenting examples of infectious and parasitic disease
concerns to fish populations in the Salish Sea region, ond providing an
empirical fromework that can be used to develop management aclivities
intended to mitigate the effacts of disease on wild fish populations.

Prevalence of Ichthyophonus in Copper Rockfish (Sebastes
caurinus) from Puget Sound, WA.

Jake Gregg *, Cristy Pacheca, Paul Hershberger, Marrowstone Marine
Field Station

ichthyophonus is a highly pathogenic protozoan parasite that has
repeatedly caused severe epizoolics in wild marine fishes in the North
Atlantic; however, until recently it was not known to exist in fishes from
the eastern North Pacific. Since the index case in the sastern North
Pacific, a single Pacific slaghorn sculpin collected from the coast of
Oregon in 1983, the reported host range, infection prevalences, and
infection intensities have expanded dramatically. Far example, infection
prevalence has reached 30 to 50% in some stocks of Chinook salmon,
Pacific herring, Pacific Ocean perch, and yellowlail rocklish, and the
prevalence of disease has reached epizootic proportions in Yukon River
Chinook salmon. In the inland waters of Washington State, >10% of
Puget Sound rockfish {S. emphaeus) are infected, and it is plausible that
this host represents a significant reservoir for the parasite in the near
shore rocky reef. Here, we describe the results from a recent survey of
copper rockfish from north and central Puget Sound, where 5% were



infected. We conclude that the future emergence of Ichthyophonus in
Puget Sound and Georgia Basin rockfishes is likely, based on currently
high prevalences in rockfishes from the coast of Washington and in
sympatric herring from the Selish Sea.

Panel 6C: Seagrass Distribution and Ecology in

the Salish Sea: Physical and Chemical Factors
Chair: Jessie Locy ond Jeff Gaeckle

Seograss is emerging as an indicator of ecclogical health for the
Salish Sea. Improved understanding of the ecology, status, and trends
of seagrass is critical to the management of this important resource.
Sciantists and resource managers are developing new technologies
and analytical techniques to advance monitoring of the status and
trends in seagrass distribution, as well as interpretation of these trends.
The ecology and habitat provided by seagrasses are also areas of
active research. This session will focus on status and frends, ecological
functions and values, and natural and anthropogenic controls on

the distribution of seagrass resources in Salish Sea. Innovative and
aliernative technologies, anclyses, and modeling used in research and
monitoring ot local and regional scales will be featured.

Panel Members:
* Renee Takesve, U.S. Geological Survey
¢ Zachory Hughes, University of Washington
* Michael Hannam, University of Washingion
* Anja Schanz, Washington State Department of Notural Resources
+ Jessica Llacy, U.S. Geological Survey

Linking Long-Term Eelgrass Monitoring with Local Research
and Management Projects

Helen Berry™, WA Dept. of Natural Resources

Blain Reeves, Washinglon Stote Depariment of Natural Resources

A major challenge that large-scale monitoring programs face is to
provide long-term trends data and also address current notural resource
management questions. The Washington Department of Natural
Resources Nearshore Habitat Program has worked to meet both of
these cbjectives in its eelgrass monitoring program. In addition to
providing yearly updates on the status of eelgrass throughout greater
Puget Sound, we have colloborated with managers and researchers

to provide data on issves of local concern. This presentation reviews

a series of projects that we have undertaken with local pariners over
the last five years. We review seven cose studies and discuss three in
detail: mooering buoy placement in Sucia Island State Park, county-
wide eelgrass mapping and subsequent monitoring in San Juan County,
and assessment of harmful green algel blooms thraugh National
Science Foundation funded research at Seattle Pacific and University

of Western Washington. These case studies demansirate the potential
sirengths of collaborations, along with the methodological challenges
and limitations. We believe that these case studies exemplify how
collaborations can improve the knowledge of seagrass resources,
increase the power of data sets collected aver o range of spatial scales,
and save morney.

Redox-Driven Bioavailability of Phosphate and Sulfide in
Eelgrass {Zostera Marina) Root Zones

Renee Tokesve, U.S. Geological Survey

Sandy Wyllie-Echeverria, Univ. Washington

Sediment reduction-oxidation (redox) conditions affect the bicavailability
of nutrients and sulfides to eelgrass. We measured sediment redox
potential (Eh); labile {pore water + weakly adsorbed) nutrients and
metals; solidphase phosphate bound to ferric iron oxides; and plant
characteristics at four sites in the San Juan Archipelage to explore
whether eelgrass health could be related to redox-driven bioavailability
of phosphate or sulfides. Sediments ranged from oxygenated (Eh =
+170 mV] in False Bay [<1% mud) to highly reducing {Eh <-150 mV}

in Shoal and Shallow Bays {both 3% mud} and in Weslicott Bay (34%
mud). In False Boy, eelgrass was sparse in the troughs of sand waves,
sadiments were well oxygenated, and labile phosphete concentrations
were very low. If exidizing conditions were persistent in False Bay
sedimants, phosphate concentrations may have been suboptimal for
eelgrass growth. Eelgrass grew in dense fringes in Shallow and Shoal
Bays, and has been absent from the head of Westcott Bay for at least
three years. Surprisingly, Westcoht Bay sediments had wo and five
times more sulfidebuffering capacity, in the form ol ferric iren, as Shoal
Boy and Shallow Bay sediments, respectively. We will compare redox
conditions, potentially bicavailable {labile + iron-bound) phosphate,
ferric iron, and eelgrass characteristics in Shallow and Shoal Bays,
and speculate whether phosphate or sulfide availability contributed to
eelgrass disoppearance in Westcott Bay.

Bathymetry, Boltom Mapping, and Recovery Projections of
Eelgrass for Anchar Buoy Relocation Project at Echo Bay,
Sucia Island, WA

Zachary Hughes, University of Washington, Environmental Science
Sandy Wyllie Echeverria, University of Washington

Gary Greene,

Ted Smith, Washington State Parks

Blaine Reeves, Washington State Department of Natural Resources
Mike Hannam, Kevin Britton-Simons, University of Washington

As part of a regional plan to protect marine biodiversity and
productivity and provide public access to remote stote parks in the

San Juan Archipelago, Washington State Parks {WSP] will relocate
ond alter existing mooring buoys within Echo Bay on Sucia Island

and establish a voluntary “no anchor” zone. This action is primarily
taken to avoid further disturbances to existing eelgrass (Zostera
marina) beds. Habitat mapping using multibeam bathymetry and
backscatter can guide removal and relocation efforts and provide o
baseline of eelgrass abundance against which potential recovery can
be compared. Statistical protocols associated with these techniques
allow us to estimate the amount of eelgrass presenl, determine the
minimum and maximum depth of plant growth, illustrate depth contours
and characterize surface sediment profiles. These source data are then
imported to ArcGIS for landscape-scale analysis. Our data and the
fact that eelgrass is faund at deeper depths (™ 10 m) within sites similar
to Echo Bay in the region, suggests that areas adjocent to the existing
maximum depth of eelgrass growth may support population expansion
once buoys are relocated. Finally, economic value of potential eelgrass
expansion will be assessed in terms of dollars per hectare per year
based on ecological function and relative importance lo economically
valuakle species.

Mapping Submerged Aquatic Vegetation in South Puget
Sound

Michael Hannom, University of Washington

Joel Elliott, University of Puget Sound

Kristin Williamson, South Puget Sound Seimon Enhancement Group

Submerged aquatic vegetation [SAV) contributes to biodiversity and
nearshore productivity in the Puget Sound. To guide future restoration
efforts, the South Puget Sound Salmon Enhancement group undertook a
project to assess the shoreline between Point Defiance and the Nisqually
River Delta in Southern Puget Sound, a reach highly impacted by rip rap
bulkheading associated with the Burlington Northern Sonta Fe railroad.
As a part of this assessment, we mapped SAV, focusing on eelgrass,
Zostera maring, along the same reach. Mapping was initioted on foot
during summer low tides with digital video and GPS receivers. We
outlined the perimeter of Z. morina beds and recorded other dominant
vegetation assemblages and substrate types. Underwater video was
used to delineate the deep edge of Z. marina beds and estimate

cover within the beds. Video and GPS$ dala were synchronized ond
video was coded lor Z. marina cover and substrate type prior to GIS
analysis. Preliminary observations suggest that Z. marina distribution
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along portions of our study area may be related to proximity o culverts
that pass freshwater and sediment underneath the railway. If this is
substantiated, efforts to restore more natural sediment delivery to this
reach may hold restoration potential,

Do Hydradynamics Initiate Changes in Ecosystem Function
of Intertidal Seagrass Beds?

Anja Schanz, WDNR, Aquatic Resources Devision

Recent and ongoing decline of seagrasses all over the world is
attributed to human impact and climatic change. In addition, the effect
of hydrodynamics is important, because it interlinks and alters various
processes in seagrass beds from species fo ecosystem level.

Field experiments in the Wadden Sea (SE North Sea, Germany)
demonstrated that water dynamics are a key factor in controlling the
species composition and the traphic transfer within the food web of a
seagrass community as well as the development of the seagrass bed.
Drop trap catches carried out in seagrass beds with strong and weck
hydrodynamics showed a distinct impact of water movement on the
composition of mabile, epibenthic macrofauna. Drasfic changes were
observed in the trophic guild of grazers. Experiments with an in situ
three-currentflume, modifying the entire current velocity, and cross
transplantation experiments between sheltered and exposed seagrass
beds, revecled o cascading impact of hydrodynamics on an epiphyte-
grazer system in intertidal seagrass beds by directly affecting the density
of grazers and indirectly leading to enhanced epiphyte growth, thereby
inhibiting seagrass development. Additionally, the results show that
cascading effects within the trophic web are not only triggered by biotic
interdependencies but can also be caused by physical facters. Further
investigations revealed that stronger hydrodynamics also directly aHfects
seagrass beds by reducing secgrass density and shoot morphology, as
well as the extent of seagrass beds.

Interaction of Eelgrass with Nearshore Tidal Currents
Jessica Lacy, U.S. Geological Survey

Sandy Wyllie-Echeverria, University of Washington

Guy Gelfenbaum, US Geological Survey

The seagrass Zostera marina [eelgrass) attenuates currents in the
nearshore region of Puget Sound, and at the some fime tidal currents
continually modify seagrass habitat. We conducted field studies of
seagrassflow interactions and sediment transport in 2004 and 2005
in subtidal meadows adjacent to Shaw and Waldron Islands in the
San Juan Archipelago. At both sites eelgrass aftenuated near-bed tidal
currents 70-80% when velocities above the meadow were less than

15 em/s. Velocities from 15 to 30 cm/s were aftenvated by 50-60%.
At Waldron Island, where median bed-sediment grain size ranges
from 0.12 to 0.17 mm, eelgrass reduced the near-bed tidal currents
from those capabie of resuspending sediment {30 - 40 cm/s) to @
level below the threshold for sediment motion, based on the Shields
parameter. Underwater digital video recorded the posture of the
eelgrass leaves and showed deflection in response to tidat currents,
Current speeds of approximately 10 ¢m/s decreased canopy height by
more than 50%. Reduction of canopy height decreases the volume of
habitat available to canopy-dwelling organisms and allows turbulence
generated o the top of the canopy to descend farther down inla the
meadow, potentially enhancing import of nutrients into, and export of
oxygen out of, the meadow. In our next deployment, at Possession Paint
on Whidbey Island, we will investigate the interaction of eelgrass and
waves, ond the role of wave energy in structuring distribution patterns.

Session 6D: Urban Landscape Restoration
Chair: Ken Brock

Bulkhead Removal Feasibility Study, Central Puget Sound,
WA,

Andrea Maclennan®, Jim Johannessen, Jonathan Waggoner, Coastal

Geologic Services

The objective of the study was lo determine the feasibility of removing
some or all of the bulkheads fronting this historic nearshore sediment
source without threatening a home located atop the bluff. The site

is located south of Seattle, Washington, in Central Puget Sound.
Residential development ond bulkheads are widespread resulting

in a substantial reduction in nearshore sediment supply to drift cells.
Assessments of the beach, bluff, and uplands were performed 1o
determine baseline conditions, and how the bulkheods have altered
beach and bluff processes at the site. An analysis of current and

historic bluff conditions was performed to identify the dominant drivers
of bluff erosion at the site, determine erosion rates and observe how
bluff processes have changed since bulkheading. Assessment methods
used in this study included: field surveys (habitat mapping and high
accuracy topology), GIS enalyses, and traditional geomorphic air
photo analysis. The results of these analyses were used to determine a
recommended phased plan for restoration of impounded bluff sediment,
Recommendations included a number of bulkhead remaval scenarios,
some of which included soft shore protection designs to enhance beach
sediment and moderate bluff erosion near the house.

Seattle’s Central Waterfront: Opportunities and Constraints
for Nearshore Habitat Restoration

Pau! Schlenger®, Anchor Environmental

Dovid Groves, Seatfle Parks and Recreation

Peter Hummel, Anchor Environmental

Kevin Stoops, Seattle Parks and Recreation

Pau! Korsmo, Anchor Environmenta!

John Owen, Makers Architecture and Design

The City of Seatfle Department of Parks and Recreation funded a
feasibility study and Environmental Impact Statement to develop

and evaluate alternatives for the redevelopment of Seattle’s Ceniral
Waterfront shoreline between Waterfront Park and Pier 62/63 in Elliott
Bay. Each of the clternatives included innovative elements of nearshore
habitat restoration while ufilizing various pier configurations o alse
maintain park uses. This presentation will not be o description of each
of the alternativesérather it will discuss the constraints ond opportunities
related to nearshore habitat restoration that were identified through

the process of alternative development. Site constraints include highly
altered sediment fransport and supply conditions, extensive overwater
structure, a seawall, and restrictive land use designations. The
opportunifies are equally significant and include creating shallow water
habitat waterward of the seawall, reconfiguring overwater structures to
provide a shallow water “corridor of light,” and adding habitat diversity
along the extensive stretches of deep subtidal sand ond silt habitet that
comprise the downtown waterfront. This presantation is intended to
shed light on the potential for meaningful habitat improvements despite
significant challenges of working in an urban area.

From Capitol Lake to Deschutes Estuary: Modeling
Restoration of an Impounded Estuary

Douglas George, Guy Gelfenbaum*, US Geological Survey

Giles Llesser, US Geological Survey/Delft Hydraulics

Andrew Stevens, US Geological Survey

The Deschutes Estuary Feasibility Study (DEFS) in Olympia, Washington,
is examining the restoration of the Deschutes Estuary by removing a
dam installed in 1951 to create Capitol Lake. The four component
studies of DEFS represent an interdisciplinary approach ta estuary and
ecosystem restoration. As one of these sludies, o sediment fransport end
hydredynamic modal was developed to investigate estuarine evolution
under resloration scenarios and provide information to the three
companion studies. The model predicts an estuary similar in merphology
to the pre-dam environment will develop within five years afier dam
removal. The model produces salinity regimes, inundation frequencies
ond sediment grain size disiributions used fo estimate the biological
communities that may colonize a restored estuary. Predicted current



velocily fields, circulation patterns and morphological change from the
model will be used to analyze threats to existing infrastructure eround
the lake. Modeled sediment aceumulation in @ downstream commercial
port and marina will aiso allow managers to estimate maintenance costs
for dredging. The model results suggest that the estuary environs would
be significontly different than the present lake conditions and therefore,
the decision fo restore the area will require extensive interaction with the
comrmunity.

Net Benefit Analysis of Restering an Estuary in an Urban
Setting: The Deschutes River Basin, Washington

Michael Taylor®, Cascade Economics LLC

Katharine Wellman, Susan Burke, Northern Econemics, Inc.

Matthew Wilson, Spalial Informatics Group LIC

Economists face inherent challenges where the removal of an existing
dam is contemplated in order io restore an estuary. Legitimate questions
are raised about particulars of the “newly created” environment, as well
as anficipated (or perceived} changes in aftributes and well being. The
challenge is magnified in an urban sefting, where the stakeholders are
numerous and widely varying. How besl to develop information on the
full range of economic and sociol values that will lead to an informed
decision?

In this study, a mulii-step process was opplied to assess the net

benefits of restoring a naturally functioning Deschutes River estuary,

as compared to managing man-made Capitol Lake in Olympia,
Washington. A community “stakeholder process,” sponsored by the
lcke’s adaptive management steering commiltee, generated a sei of
attributes ond components of importance. These were organized into
categories of estuary “goods and services” modeled after the United
Nations-sponsored Millennium Assessment. The assessment of goods
and services were further mapped to an economic framework thot
included market, non-market, and non-economic (socicl) values. Finally,
each type of value was treated quantitatively or qualitatively, with
particular emphasis placed on those values that would most likely offect
a decision of whether or not to remove the existing dom and restore the
estuary.

Building an Action Plan for Biodiversity Conservation in the
Greater Vancouver Region

Theresa Duynstee™, Greater Vancouver Regional District

Jan Kirkby*, Environment Canada (Canadian Wildlife Service)

Moarcy Sangret*, The Corporotion of Delta

The Biodiversity Conservalion Strategy for the Greater Vancouver
Region is in the final phase of the process to develop coordinated
strategies and octions that guide decision makers on how fo conserve
biological diversity acrass the region. This partnership initiative under the
Georgia Basin Action Plan involves Environment Canada, BC Ministry
of Environment, Burrard Inlet Envircnmental Action Plan - Fraser River
Estuary Management Plan and the Greater Vancouver Regional District
who are working in conjunclion with member municipalities, non-
government organizations, stewardship groups and postsecondary
inslitutions.

This is the first regional biodiversity strategy undertaken in British
Columbia [a provincial biodiversity strategy is also in the process

of being developed). A draft framework was developed through
extensive habitat and technical assessments, case studies reviews,
workshops, and analysis of existing legislation and tools. Further work is
requiredunderway to identify specific actions municipalitesmunicipalities
can do to conserve biodiversity in the region. A consultafion process
begins in fall 2007 to seek input from those who cen help implement the
plan, including government staff, municipal advisory committees, lond
managers, environmental orgonizations and community groups. This is
an iterative process intended to build cooperation and identify avenues
to participate in the plan.

Three Speakers from three different levels of government will highlight

the process, key assessments, and products, benefits, challenges and
lessons learned during the planning development of the strategy and
action planprocess. The presentation is aimed to provide information
and encouragement to inform other jurisdictions undertaking similarwho
may be considering the development of regional conservation planning
strategies.

Urban Watershed Restoration - Putting Plons into Action
Tanis Dougles *, Capitel Regional District

The Capital Regional District used a collaborative framework for urban
watershed management planning for the Bowker Creek watershed,

a highly urbanized and degraded creek. The Bowker Creek initiative
is active and high profile, because the plan is supported by a part-
time implementation coordinator and implemented with ongoing,
multiqurisdictional steering committee meetings. This presentation will
showcase various examples from the Bowker Creek watershed to
demonstrate the effectiveness of integrated watershed management
plenning ond implementation. Pariners in the initiative are currently
accomplishing or initiating actions described in the implementation
strategy, including o watershed master drainage plan currently
underway, a future planned watershed habitat assessment, restoration
projects, outreach to the public ond with schools, and greenways
planning. Input is also given to proposed developments to promote
land use in keeping with the plan. The work requires many community
portners fo carry out restoration as well as maintain and monitor water
quality, and the community will be further aware and engaged as the
work progresses.

Session 6E: Stormwater and Salmen Health
Chair: Nat Scholz

Impacts of Stormwater Runoff on Coho Salmon in Restored
Urban Streams

Sarah McCarthy*, NOAA/NMFS/NWFSC

Julann Spromberg, John Incardona, Blake Feist, NOAA Fisheries
Jenifer Mcintyre, University of Washington

Jona labenia, Mark Myers, NOAA Fisheries

Laura Reed, Seattle Public Utilities

Katherine Lynch, Seattle Public Utilities

Jay Davis, US Fish ond Wildlife Service

Tracy Collier, Nothoniel Scholz, NOAA Fisheries

Beginning in the lale 19905, agencies in the greater Seatle area
began conducting fall surveys for spawning salmon to evaluate the
effectiveness of local stream restoration efforts. These surveys detected
a surprisingly high rate of mortality among migratory coho females that
ware in good physical condition, but had not yet spawned. In addition,
adult coho from several different streams showed a similor progression
of symptoms (disorientation, lethargy, loss of equilibrium, gaping, fin
sploying] that rapidly led to death. In recent years, pre-spawn mortality
{PSM} has been chserved in many lowland urban streams, with overall
rates ranging from ~25% to 90% of the fall runs. Continuous daily
surveys of wild coho spawners in a forested reference stream revecled
<1% PSM. Although the precise cause of PSM in urban streams is

not yet known, conventional water quality parameters and disease do
not appear to be causal. Rather, the weight of evidence suggests that
adult coho, which enter small urban streams following fall storm events,
are acutely sensitive to non-point source stormwater runoff containing
pollutants that originate from highly developed landscapes. These
findings have important implications for restoration and conservation
efforis in urban and urbanizing watersheds. This project was supported
by the NOAA Coastal Services Center, the NOAA Coastal Storms
Program, the U.S. Fish and Wildlife Service's National Contominants
Progrom, and the City of Seattle.
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Coho Pre-Spawn Mortdliry in Urbanized Puget Sound
Watersheds: What Does the Surrounding Landscape Tell
Us?

Blake Feist™, NOAA/NMFS/NWFSC

Paul Arnold, Jay Davis, U.S. Fish & Wildlife Service

Sarah McCarthy, National Marine Fisheries Service

Nat Scholz, National Marine Fisheries Service

Pre-spawn mortality {PSM) of adult coho salmon {Oncorhynchus kisutch)
is a phenomenon that hos been consistently observed over the past
several years in urban Puget Sound area streams, with rates ranging
from 63-89%. Although the precise cause of PSM in these streams is
unknown, conventional water quality parameters {i.e., femperature and
dissolved oxygen) and disease do not appeor to be causal. Rather,

the weight of evidence suggests thot adult coho, which enter small
urban streams following fall storm events, are ceutely sensitive o non-
point source stormwater runoff containing pollutants that typically
originate from urban and residential land use aclivities. In order to test
this hypothesis, we ran a series of spatiaf analyses where we locked

ot the correlation between land use ond land cover (roads, impervious
areq, forested, etc.) patterns and PSM rates in & different streams. We
found that total area of heovy use roads was most correlated with coho
PSM rates. We also found that PSM events were closely linked with
precipitation patterns. From this, we built a predictive spatially explicit
model of coho PSM rates for the eastern Puget Sound basin. The highest
PSM rates are clustered around the major metropolitan areos of eastern
Puget Sound. In addition, there are large areas in the basin that are
expected to experience 35 - 100% PSM rates. In the future, we will
apply these findings to models that predict PSM rates under various
urban expansion scenarios.

Synergistic Toxicity in Juvenile Coho Salmon Exposed to
Mixtures of Organophosphate and Carbamate Insecticides
Cathy Laetz*, NOAA/NMES/NWFSC

Dovid Baldwin, Northwest Fisheries Science Center, NOAA Fisheries
Vincent Hebert, John Stark, Washington State Universify

Nathaniel Scholz, Northwest Fisheries Science Center, NOAA Fisheries

Organophosphate and carbamate insecticides are commonly detected
in surface waters that provide habitat for threatened and endangered
salmon {Oncorhynchus sp.) in the Pacific Northwest. These insecticides
inhibit the achvity of the enzyme acetylcholinesterase [AChE], thereby
interfering with chemical signaling {neurotransmission) at nerve
synapses. Mixtures of these insecticides are frequently detected in

the environment, but their effects on the neurobiclogy and behavior

of salmon and other fish are poorly understood. Previous work in our
lab found that in vitro treatments with insecticide mixtures produced
dose-additive toxicily, as measured by AChE inhibition. To determine it
in vivo exposure also produces additive toxicity, we exposed juvenile
coho salmon {Oncorhynchus kisutch) to sublethal concentrations of the
insecticides diazinon, malathion, chlorpyrifos, carbaryl and carboturan
both individually and as binary mixtures. Single insecticide exposures
produced dose-dependent inhibition of brain AChE. However, AChE
inhibition was greater than expected after exposure to mixtures,
indicating synergistic (i.e., greaterthan-additive) toxicity for many of the
binary mixtures. Moreover, several organophosphate mixtures caused
mortality at concentrations that were sublethai in single insecticide
exposures. These results indicate dose-additive models of toxicity

ray underestimate the risks that insecticide mixtures pose to salmon
thraughout the Pacific Northwest.

Pesticides and Pacific Salmon: Linking Exposure to
Physiclogy, Behavior, Growth, Survival, and The Long-
Term Productivity of Threatened and Endangered

Populations.
Julann Spromberg *, David Baldwin, Nathaniel Scholz, NOAA Fisheries,
Northwest Fisheries Science Center

Current use pesticides haove been widely detected in salmon habitats
throughout the Pacific Northwest. Pesticides are specifically intended to
kill, repel, or otherwise control biclogical organisms. These chemicals
therefore hove the potential to limit the recovery of threatened or
endangered salmon populations in lowland agricultural and urban
environments where pesticides are most commonly used, Of particular
concern are insecticides, many of which have been shown to specifically
target the salmon nervous system. While the neurcbehavioral effects of
peslicide exposures have been extensively documented in salmon and
other fish species, the linkages between the heolth of individual animals
and population-scale processes are still very poorly understood. The
present study focused on chinook salmon (Oncorhynchus tshawytschal)
and common classes of insecticides that target acetylcholinesterase, an
enzyme that supports neurotronsmitter-mediated signating in the salmon
brain. Specifically, we developed a mode! to quantitatively connect
pesticide-induced inhibition of brain enzyme aetivity in individual
juvenile salmon to reductions in feeding behavior, ration, growth, size at
migration, and early marine survival. This information was then fed into
a chinook salmon life history population model to estimate impacts on
population abundance and growth rates. Our modeling results indicate
that shortterm exposures fo inseclicides af low, environmentally realistic
concentrations are likely to reduce the size of individual salmon during
criical life stages, thereby increasing size-selective mortality due to
predation. These effects, in turn, reduce both the intrinsic growth rate
and the percent spawner abundance of the modeled population relative
to an unexposed population. Based on these findings, we suggest that
pesticide-induced physiclogical perturbations in individual saimon can
propagate to higher scales of biclogical organization. Moreover, we
identify focal areas for targeted new research to improve the predictive
accuracy of our model.

Five Years of Research on the Health of Salmon in Urban
Streams: Lessoned Learned and Future Directions.

Nathaniel Scholz®, NOAA Fisheries, Northwest Fisheries Science Center
As noted recently by both the U.S. Commission on Ocean Policy and
the Pew Oceans Commission, coastal development and terrestrial runoff
are increasingly undermining the long-term viability of atrisk aquatic
species in North America. This is particularly true of Puget Sound,
where vrbanization is rapidly degrading the quality of aquatic habitats
throughout the region. For the past five years, the Northwest Fisheries
Science Center's Ecotoxicology and Environmental Fish Health Program
has been investigating the cumulative impacts of urban stormwater
runoff on the health and survival of salmon in urban and urbanizing
watersheds. This has been a large, multi-stakeholder effort with

support from the NOAA Coastal Storms Program, the NOAA Coastal
Services Center, the U.S. Fish and Wildlife Service, King County, the
City of Seattle, and Washington Trout. The aim has been to conduct
experimental research on restored urban streams in the greater Seattle
area to advance our basic understanding of how chemical contaminants
in surface runoff affect the physialogy and behavior of salmen at
different life stages. The focus has been on pesticides, heavy merals,
and hydrocarbons, as well the as-yet unidentified contaminants thot
cause recurrent die-offs of adult spawners as well as developmental
defects in salmon embryos. This presentation will 1) review the state

of the science as it pertains to stormwater and salmon health, and 2)
idenfify priarity areas for new research.

Session 6F: Modeling and Decision Support
Tools: Applied Management Tools
Chair: Randel Tairc

Hood Canal and Eastern Strait of Juan de Fuca
Summer Chum Salmon Recovery Plan: The Hood Canal
Coardinating Council Approach to Salmon Recovery
Planning



Scoft Brewer*, Jay Yvotson, Hood Canal Coordinating Councit

Dave Christensen, Thurston County

Richard Brocksmith, Hood Canal Coordinating Council

The Hood Canal Coordinating Council [HCCC] is a coalitien of three
Counties and two Indian Tribes with a dual mission of protecting

the water quality of Hood Canal and providing for the restoration

and recovery of threatened Hood Canal salmon stocks. The HCCC
pursued salmon recovery as part of Washington State’s response fo
the Endangered Species Act (ESA) listings of Hood Canal summer
chum salmon and Puget Sound chinook. Recognizing the need to
engage the land-use autherities (i.e., Counties), the HCCC developed
a Plan that builds on o wealth of existing and inprogress works while
focusing on specific actions in specific areas. Aspects of harvest and
hatchery management have been in place in anticipation of the listing.
Development of this recovery plan allowed the opportunity to focus
on those aspects of land use, development and regulatory programs.
County staffs were consulted regarding a review of current land

use and regularory programs. The Plan also developed a build-out
andlysis in an ahempt 1o link current and projected development with
important summer chum salmon habitat. The Plan further describes a
land use permil tracking system intended to monitor the effectiveness
of current regulatory programs to protect importont habitats and allew
for restoration oppertunities. The Community Nearshore Restoralion
Program was also incorporated that focuses on salmen friendly marine
nearshore habitats. The Plan is to be adopted as a Federal Recovery
Pian.

Ground-Truthing the Habitat Inventory for the Fraser River
Estuary: Habitat Status Report and Lessons Learned

Anna Mathewson ™, FREMP

Rob Knight, British Columbia Minisiry of Environment

Kathleen Moore, Environment Canada

Brad Mason, Fisheries and Oceans Canada

Gary Willioms, Norih Fraser Port Authority

The Fraser River Estuary Management Program (FREMP) is an
intergovernmental parmership program for coordinated environmental
monagement of the Fraser River estuary, one of the most significant
aquatic ecosystems in the Lower Mainland of British Columbia,

FREMP has developed a number of tools to manage the “living, working
river”, including o habitat classification system that assigns colour<codes
to intertidal and riparian areas on the basis of the relative values of
their habitat features. The classifications are based on an inventory

of cll habitat types in the estuary, and guides prospective developers

in selecting appropriate sites and design concepts prior to seeking
approval of their projects. First mapped in the 1980s, the FREMP
habitat inventory was updated in 2003 using an ecological &features
and functions’ approach to capture information on upland linkages.

A comprehensive ArcView dofaset and linked Access database was
developed with over 12,000 habitat polygons.

In 2006, FREMP undertock a project to groundHruth and verify the
habitat polygons with the BC Conservation Corps. The presentation will
provide a hobital status report {including established data confidence
levels and cbservations of invasive species), review project methodology
and challsnges, and identify lessons learned that may assist other field-
checking and mapping projects.

Application of a Coastal Landform Classification GIS
Database to Washington State Parks in the Puget Sound
Cinde Donoghue*, Thurston County Planning Department

Andrew Perkins, Janet Rhoades, Melissa Blackburn, Central Washington
University

A processbased coastal landform classification GIS database

using existing data sources was developed for Washington's Puget
Sound shoreline. A geo-dotabase was used to compile a wide

variety of data sources for analysis, including historical and current

aerial photographs {oblique and vertical} as well as information on
topegraphy, hydrolegy, slope stability, drift cells, coastal dynamics,
and other relevant shore zone information such as sediment type

and abundance. The classification breaks the shoreline into a nested
hierarchy of segments that relate to the physical processes important

in determining geomorphology and shape. The resulting classification
distinguish between the beochforms and upland forms, including further
distinctions such as anthropogenic modifications and whether they are
depositional, stable or erosional  These smaller features are further
nested into beachform and upland form groups, which identify larger
process-based geomorphic systems. The classification is a critical
basis for understanding how different shoreline types are formed and
how susceptible they are 1o change and various impacts. A case study
application of the classification o Washington State Park shorelines
demenstrates its utility as a planning tool for assessing the links between
geomorphic processes and land forms and the ecolegical functions
related to the wide diversity of marine shorelines found in the Puget

Sound.

Modeling Potential Effects as a Management Tool for
Washington’s State-owned Aquatic Lands

Corol Cloen*, Washington State Department of Naotural Resources

As proprietary manager of over 2.4 million acres of state-owned
aquatic lands, Washington DNR is charged with ensuring environmental
protection for the habitats managed s well as supporting their use

for commerce and navigation; public use ond access; the preduction

of renewable resources; and income generation. To ensure that land
management actions comply with the federal Endangered Species Act
(ESA), the agency is developing a Habitat Conservation Plan for fresh-
and saltwater habitats utilizing a spatial database and model to predict
effects on species and habitals.

This presentation will focus on the development of the Potential Effects
model and its components, uncertainties associated with the model,
integrotion of conservation sirategies, and present some preliminary
estimates of how DNR's activities affect aquatic habitats.
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An Interdisciplinary Cyber-Infrastructure for Multi-Scaled
Coastal Zone Research

Miles Logsdon™, il Colye, Donald Averill, Jeffrey Richey, Universily of
Washington

Over the next decade sophisticated cyber-infrastructure tools will
provide coastal zone researchers with unporalleled access to
computational modeling of the complex interactions between the
physical system and the impacts of human dynamics. Rapid growth of
computing resources and the advances in cbservational networks make
this an inevitable component of luture inferdisciplinary coastal zone
research. Our research in information sysiem architecture encompasses
tools that are built on metadata services that drive integration efforts and
archive strategies. These services require an FGDC<ompliant metadata
document to accompany each data set. The use of an XML encoding
scheme can be writtan, edited, and queried with simple desktop or
onine tools provided to a colloborative team of investigators. These
data manogement tocls use both push [proactive} and pull {reactive)
technologies for the exchange of data. They have been designed,
developed, and are currently in use by a number partnership research
programs at the University of Washington. We have experienced a
powerful synergy between modelers and cbservational sciences as o
result of this work. This presentation reports on the recent advances and
new perspectives in cyber-infrastructure implementation in support of
computational earth science modeling for coastal zone research.
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ntegrated Modeling of Surface Water in WRIA 8:; An
Application of the Integrated Water Resource Modeling
System (IWRMS)

Curtis DeGasperi®, King County, Deptartment of Notural Resources and
Parks, Water and Land Resources

Randal Taire, Pacific Northwest National Laboratory

Tom Georgianna, King County Dept. of Natural Resources and Parks
Kevin Dorow, Pacific Northwest National Laboratory

The King County Department of Natural Resources and Parks (KCDNRP}
and the Pacific Northwest National Llaboratary (PNNL) have developed
an integrated modeling and dafa management system called the
Infegroted Water Resources Modeling System {IWRMS). The IWRMS
provides the KCDNRP with a new capability in which integrated
modeling can be performed to provide scientific support for studies

and plonning and policy decisions. The IWRMS is an integrated suite
of tools with componenis for problem conception, data harvesfing,
infegrating disparate computational madels, central data storage,
distributed computing, and ports to visualization and analysis tocls.

In this poper we describe the process of implementing the IWRMS lo
perform an integraled modeling assessment of surface water in Water
Resource Inventory Area 8 (WRIA 8). Components modeled include
WRIA 8 watersheds, Lake Sammamish, Sammamish River, and Lake
Woashington. Details on how the hardware ond software components
were applied are provided along with a discussion on challenges
encountered and potential next steps for applications and development.

Panel 7A: Ecosystem Indicators for Decision-

Making on Sustainability
Chair; Gevan Mattu

The workshop session will present three recently-released reports on
ecosystem indicators, from a transboundary, watershed and landscape
perspeclive: the Puget Sound / Georgia Basin Ecosystem Indicators
Report; the Fraser Basin Council's “Snapshot” reperts; and the Fraser
River Estuary Management Program {(FREMP)] Monitoring Report.

These perspectives will be brought logether to illustrate differences

in indicator selection, consultation, report development, outreach,

and connection with decision-moking in these different contexts.

The workshop will allow discussion on strategic issues ond common
challenges relating to the development and use of ecosystem
indicators to advance sustainability in our shared region, with e goal of
documenting and advancing the “state of the art”. Issues to be covered
include:evaluating and enhancing the use of indicators; developing
sustainability targets and benchmarks; and visual presentetion of
indicators and data.

Panel Members:
o Steve Litke, Fraser Basin Council
* Zita Botelho, British Columbia Ministry of Environment
* Michael Rylko, Environmental Protection Agency

Session 7B: Marine Fish Dynamics 1
Chair: Ruston Sweeling

An Assessment of the Efficacy of Forage Fish Egg Surveys
Kirk Krueger ™, Washingion State Department of Fish and Wildlife

Dan Pentila, Washington Department of Fish and Wildlife

Timathy Quinn, Washington Department of Fish and Wildlife

Pacific sand lance (Ammodytes hexapterus) and surf smelt (Hypomesus
prefiasis) are impartani forage for Pacific salmon, marine mammals, and
marine birds. The state of Washington protects forage fish and their
spawning habitat by limiting humon activifies on beaches where forage
fish spewning (i.e., presence of eggs) has been recorded. Extensive
surveys using methods developed by the Washington Department of Fish
and Wildlife have sampled most of the beaches in Puget Sound. While

detection of sand lance or surf smelt eggs is accepted as evidence

of prasence, the reliability of absence data has not been rigorously
assessed. False absences, i.e., concluding the absence of eggs when
in fact they are present, moy result in issuing permits for activities that
disturb forage fish spawning. We calculated the probabilities of
detecting the eggs of Pacific sand lance, surf smelt, ond either species,
given their presence on the beach, using a range of sample sizes at 3 or
4 elevations above mean low low water (MLLW). Qur results indicate
that a relatively small number of samples are required to reliably detect
forage lish spown. However, the probability of detection for a given
number of sumples varies by species and by sample elevafion relative
to MLLW. Failure to detect forage fish spawning is likely due to true
absence, bul addifional samples and sampling across a range of beach
elevations can reduce the probability of false absences.

Biocomplexity and Metapopulation Dynamics of Pacific
Herring {Clupea pallasii) in Puget Sound

Danielle Mitchell*, University of Washington

Pat McAllister, Kurt Stick, Washington Department of Fish and Wildlife
Lorenz Hauser, University of Washington

Although the biocomplexity concept has been used to explain the
resilience of salmon metapopulafions to disturbance, it is less establishad
for marine populations which are typically difficult to identify.
Nevertheless, similar metapopulation dynamics may also affect the
abundance of many marine species. Here, we examined temporal and
spatial voriation in population structure of five spawning aggregations
of Pacific herring in Puget Sound {Semichmoo Bay, Cherry Point, Port
Gamble, Quartermaster Harbor, Squaxin Pass) using 12 microsatellite
loci. By examining patterns of differentiation over a six year pericd
{1999-2005), we detected different dynamics of wo spawning groups:
while Cherry Point herring remained genetically differentiated, the
genetic differentiation of Squaxin Pass fish in 1999 had disappeared in
2005. We confirm our previous hypothesis that the late spawn-timing
of Cherry Point herring relative to other Puget Sound assembloges may
act as an effective barrier to gene flow and may promote reproductive
isolation of this stock. In contrast, the increase in abundance of Squaxin
Pass herring, loss of their genetic differentiation, and results from genetic
assignmenl tests suggest that this geographically isolated population
may have experienced increased immigration and possibly replacement
by other stocks. We conclude that Puget Sound herring are well
described under o metapopulation model.

Application of Population Modeling to Identify the Eastern
Pacific Decadal Oscillation as a Factor in the Decline the
Cherry Point Pacific Herring (Clupea Pallasi) Stock

Wayne Landis*, IET, Western Washington University

The decline of the Cherry Point Pacific herring stock {CPPHS) has been
delermined 1o be due to factors not related to the spawning area.
Landis et al attributes the decline to factors operating at large scales. In
this siudy age structured population modeling was incorporated into a
weight of evidence framework to re-examine the risk factors contributing
to the decline of the CPPHS. The model was used to calculate intrinsic
rate of increase and equilibrium age structure for each year from 1974
until 2005, The resulting simulalions result in declining populations

with dynamics similar to that observed for CPPHS. Patterns of increase
and decline in predicted population size in the simulations suggest

that fishing moratoriums or other manogement actions. The analysis
demonstrates that the causative agent for the decline of the CPPHS
existed in the 1974-1975 timelrame with effects persisting until 2004
The results of the analysis of the criteria for cousality indicotes that the
timing of the worming Pacific Decadal Oscillation {PDO) corresponds
directly to the change in age siructure resulting in a declining
population. The causative mechanism moy well be the change in the
distribution of pathogens as suggested by Hershberger et al. due lo

the warm PDO. The other Washington State runs of Pacific herring are



currently undergoing the same analysis.

Diets of Larval and Juvenile Pacific Hake and Walleye
Pollock in The Strait of Georgia.

Chrys-Ellen Neville *, Richard Beamish, Fisheries and Cceans Canada
Zooplaonklon eggs are a major diet item for larval Pacific hake and
walleye pollock in the Strait of Georgia at the time of exogenous
feeding. Between 1997 and 2003 we sampled the guts of
approximately 1500 larval hake and pellock from the Strait of Georgia.
The eggs in the guis were various sizes with copepod eggs being the
most abundont. Pacific hake have increased in abundance over the
last 50 years to become the dominate species in the Strait of Georgia.
We propose that the success of Pacific hake is o result of a close linkage
of the fiming of copepod production and the shift of these larval fish to
exogenous feeding. in addition, we discuss how shifts in the marine
climate may affect these processes.

A Remarkable Settlement of Young-ofthe-Year Rockfishes
in Puget Sound and the 5trait of Juan de Fuca in 2004

Larry LeClair*, Raymond Buckley, Woyne Palsson, Robert Pacunski, Tony
Parra, Ocean Eveningsong, Jim Beam, Washington Department of Fish
and Wildlife

Matt McCailum, University of Washington

During 2006, we investigaied o remarkably large setlement of
postlarval rockfishes [Sebastes sp.) marine waters of Washington.
Quantilative scuba transects were conducted to determine the
distribution and abundance of young-oHhe-year rockfishes in nearshore
habitat and how these parameters changed with time and growth. Two
major patterns of recruitment were observed. In Puget Sound, high
densities of copper (S. caurinus] and quillback {S. maliger) rockfishes
were observed in nearshore vegetated habital including attached
floating and submerged macroalgae. Lower densities were cbserved

in eelgrass during the early summer. These post-setlement fish initially
measured between 20mm and 40mm total length (TL), increasing to
near 80mm TL by early fall when the fish moved toward deeper water
and their habilat associafions changed. The other pattern in rockfish
sefflement wos observed in the Strait of Juan de Fuca where unusually
large schools of rockfishes were observed in September at bath the
eastern and western ends of the strait. The species composition of these
schools was different and more varied than those observed in Puget
Sound and included S. melanaps, $. pinniger, 5. mystinus, 5. entomelas,
and S. flavidus. Genetic identification using microsatellite loci was ysed
to determine the species composition of sampled juveniles.

Panel 7C: Seagrass Restoration in Salish Sea
Choir: Ron Thom

Seagrasses provide valuoble ecological functions o coastal systems
but are under constant threat from development and degrading
environmental conditions. Although not fully documented, seagrass
losses in the Salish Sea region are believed fo be extensive. As a resull,
eelgrass restoration and mitigalion has been increasing throughout the
region. Because of the challenges in restoring eelgrass and anticipated
future threats, o comprehensive and coordinated.seagrass restoration
program is required to result in a net gain in the area and quality of
seagrass meadows. Future restoration projects will need to adapt based
on previous dalo to improve seagrass transplant success, however, the
resulis of the multitude of seagrass transplont efforts are mixed and
often not readily available. It is only through open and cooperative
region-wide effort that true progress toward o net improvement in
seagrass systems will be made. The goal of the session is to provide

an opportunity for scientists, consultants and managers to network and
present methods and results of seagrass restoration projects.

Panel Members:
s Jeffrey Goeckle, Woshington State Department of Natural

Resources
* Pete Dowty, Washington State Department of Natural Resources
¢ Cynthia Durance, Precision Identification
Maotthew Boyle, Grefte Associates, LLC
* Amy Borde, Battelie Marine Sciences Laboratory

Eelgrass (Zostera Marina L.} Status and Trends in Greater
Puget Sound: Local Change Within Large-Scale Stability
Jeffrey Gaeckle, Pete Dowty, Bloin Reeves, Helen Berry, Washington
State Department of Naturai Resources

Sandy Wyllie-Echeverria, University of Washington

Tom Mumford, Washington State Department of Natural Resources

The Nearshore Habitat Program in the Washington State Department of
Natural Resources (WADNR) has monitored seagrass (Zostera marina
L) status and trends throughout greater Puget Sound since 2000 as part
of the Submerged Vegetation Monitoring Project (SYMP}. The SVMP
experimental design and statistical framework extrapolate sound-wide
Z. marina area from random site-level sampling throughout the greater
Puget Sound study area. In 2005, the SYMP estimated there were
20,400 ha of Z. marina area distributed equally between flats and
fringe seagrass habitot types. There was no significant change in the
2005 sound-wide Z. marina area estimate relative lo previous years.
Howsver, a multi-parameter assessment of site-level change, in addition
to independent data, provides cause for concern in two regicns of
Puget Sound. Nearly 25% of the 62 matching sites sampled in 2004
and 2005 showed a significant decrease in Z. marina area during the
change interval while only 4% of the sites showed a significant increase.
A new analysis of depth distribution found that mast of the Z. maring
sampled was found between 0 to -5 m MLLW (Mean Lower Low Water)
with @ maximum recorded depth at -11.9 m MLIW.

Biophysical Modeling to Assess the Effect Of Changes

in the Light Environment on Zostera Marina (Eelgrass)
Production and Growth

Pete Dowly, Washington State Department of Naturof Resources
Douglas Bulthuis, Washingtorn Dept. of Ecology

In response to localized declines in Z. morina in Washington State,

the state Department of Natural Resources initiated an effort to
investigale the key stressors cousing these declines. Data sondes will
be deployed in Z. marina beds at selecied sites to continuously monitor
light (PAR) and other water quality parameters. A biophysical model
of Z. marina production and growth is being developed as a way to
synthesize these data streams and interpret site differences in terms of
effects on seasoncl and annual Z. marina performance. The model
initially emphasizes plant response to light and builds on the work of
R. Zimmerman developed in San Francisco Bay. The madel was tested
using continuous waler quality data collected by the Washington State
Department of Ecology at contrasting sites in the Padilla Bay National
Estuarine Research Reserve. The results validate basic mode! behavior
and demonstrate the imporlance of particular pattems in the fime-
varying light availability.

Eelgrass Restoration and Compensation in the British
Columbia
Cynthio Durance, Precision identification

Atremendous loss of eelgrass {Zostera marina) habitat has occurred

in the Pacific Northwest over the last century due to filling, dredging,
ond industrial impocts.  With the realization of the importance of

these habitats, and in response to the loss and continual development
pressure, Fisheries and Oceans Canada instituted a “No Net Loss of
Productive Habitol” Policy. In response to this policy in British Columbia,
o method was developed that has been used to successhully restore and
create eelgrass habitat.

Methods to transplant eelgrass were initially developed in the 1970s
and 1980s, primarily along the eastarn seaboard of the United

States. Initial altempts to transplant eelgrass in the Pacific Northwest
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using these techniques were less successful. A transplant method was
developed in the mid-1990s in British Columbia that has proven highly
successful. The method considers genetic variation between populations
of eelgrass, seasonality, and the hydrodynamic regime of fransplant
sites. The method has been employed at over 30 sites since 1994. The
transplanted areas typically achieve natural density and cover within
three years. The earliest transplant was 5,400 square meters in 1994
and has provided donor stock for several subsequent transplants. The
factors that have contributed to successful restoration and compensation
are discussed.

The Drayton Harbor Eelgrass Habitat

Matthew Boyle, Grette Assaciates, LLC

Mike Stoner, Port of Bellingham

Glenn Grefte, Grette Associates, LLC

During the planning phases of the Port of Ballingham's Blaine Harbor
Marina Expansion, Port officials identified the opportunity for a large-
scale habital project using clean dredged material from the marina
basin. Instead of traditional open-water disposal, the sediment from the
marina was deposited at a low spot in Drayton Harbor and resulted in
the conversion of over 15 acres of subtidal area to an intertidal/shallow
subtidel area that would be more accessible to juvenile salmeonids. This
was a voluntary action of the Port, and was not required as mitigation.

In order to assess the exisling habitat and inform the site locating
pracess, a physical characierization of sediments in existing eelgrass
beds was conducted as well as macroinvertebrate surveys in Drayton
Harber. The preferred site was identified based on the relatively low
existing habitat function to target species {salmon, Dungeness crab)
compared to the surrounding areas, and the potential for increased
function. In particular, the likelihood of eelgrass to colonize and thrive
on-site was considered a significant potential benefit.

After material had been placed, eelgrass test plots were planted over
a five year period. On-going monitoring, including dGPS mapping
and cerial photography indicates that planted eelgrass has survived
and spread, and volunteer plants have colonized over much of the site.
Monitoring for salmonid prey organisms indicates the site is praviding
rearing habitat for juvenile fish, and Dungeness crab hove been
regularly observed during monitoring efforts.

The success of the Drayton Harber site demonsirales the potential for
beneficial use of dredge material at o carefully selected location to
construct valuable habilat.

Eelgrass Restoration: State of the Science in the Pacific

Northwest
Amy Borde, Sue Southard, Baitelle Marine Sciences Laboratory

Planting of eelgrass for restoration dates back to the 1970's in the
Pacific Northwest, and perhaps earlier. Dr. Ron Phillips conducted
plantings in the early 1970’s for research purposes. There is anecdotal
information that eelgrass was planted as Brant goose feeding habitat
by wildlife biologists as far back as the 1940’s and 1950's on a very
limited basis. A review published in 1990 indicated that a majority
(57%) of the eelgrass projects conducted along the west coast (many of
which were in the Northwest) were at least partially successful. Eelgrass
researchers who were very knowledgeable of plant requirements
carried out the most successtul plantings. Since that time, eelgrass
restoration has advanced in the Northwest primarily as compensatory
mitigation for coastal development projects. Eelgrass restoration projects
not associated with mifigation are few but growing in number. Although
the prevailing view is tha eelgrass restoration is generally unsuccessful,
there are a number of examples where eelgrass restoration has been
accomplished. Successful projects have in common the elements of
careful planning, planting and performance monitoring.

Patterns of Change and Stability in Distribution of
Eelgrasses and Macroalgae in Padilla Bay, Washington,
1989 10 2004

Douglos Buithuis ™, Padilla Boy National Estuarine Research Reserve
Suzanne Shull, Padilia Bay National Estuarine Research Reserve

Eelgrasses (Zostera marina and Z. japonica), macroalgel beds
{primarily Ulva spp. and Enteromorpha spp.}, and intertidal flats without
macro-vegetation were mapped in Padille Bay, Washington in 1989,
2000, and 2004. True color aerial photographs were taken during

an extreme summer low tide event each year. Pholointerpretation and
ground Iruth investigations {at 100, 250 and 1360 siles respectively)
were combined each year with different methods of digitizing and
georectification to produce distribution maps of vegetation in Padilla
Bay. Comparisons were made among years in the total area covered
by vegetation, in the distribution of individual species, and in the gains
and losses in local sub-areas of Padilla Bay. Eelgrasses consistenily
covered 3-4000 hectares of intertidal and subtidal flats in Padilla Bay,
with intar-annual variation most pronounced on the intertidal flats above
mean water.

Session 7D: Ecological Assessment Following

Restoration
Chair: Scoit Redman

Historical Changes in Nearshore Sedimentation and
Habitat Availabilityi the Skagit River Delta

Eric Grossman*, U.5, Geological Survey

J.P. Walsh, Eastern Carolina University

Doug Bulthuis, Padilla Bay National Estuarine Research Reserve
Restoration of habitat to recover a growing number of ESAisted taxa

is aclive throughout Puget Sound despite limited understanding of
nearshore habitat quality, habitat availability and the extent to which
nearshore systems respond to land use. Using seismic reflection profiling
and analyses of sediment cores, we reconstruct how nearshore habitats
have evolved in response to natural variability over the past several
thousand years and human land-use activities over the last 150 years
across the greater Skagit River delta. High resolution CHIRP seismic
reflaction profiles reveal marked reflection surkaces that may be related
to erosicn or lithology, including Glacier Peak Ichar deposits and recent
sediments. Sediments from cores reveal abrupt changes in sediment
grain size, with significant coarsening offshore of channelized river
flow. 210Pb and 14C daling of sediment cores reveals that these abrupt
changes began ca. 1850 and that sediment accumulation rates have
generally increased 210x across extensive areas of the nearshore.
These records help to quantify the regional sediment budget and extent
1o which eelgrass, pocket estuaries and forage fish spawning sites
change due 1o sediment impacts related to land use. They provide key
criteria for developing restoration strategies, predicting outcomes, and
recovering nearshore ecasystem health.

An Integrated Ecological and Human Health Risk Model
for Lake Whatcom, a Multiple-Use Water Supply in
Whatcom County WA

Christina M. Maginnis®, Wayne G. Landis, Western Washington
University

A screening level integrated ecological and human health risk
assessment was conducted for Lake Whatcom in Whatcom County,
WA. This multipleuse watershed serves as the only surface water supply
for over 86,000 people and lacks a comprehensive management
plan. Instead, several jurisdictions have conflicting management
responsibilities in regards to land use policies, recreational uses, ond
data collection eHorts. The integrated risk assessment found that land
disturbance posed the greotest risk to the endpoints of water quality
and human health. A Monte Carlo uncertainty onalysis was performed
using Crystol Ball software, and revealed that the risk model can



successfully predict risks despite data gaps. Additional data would
reduce uncertainty, as well as more clearly identify risk reduction
measures for each source. In contrast, a Washington Department

of Ecology Total Maximum Daily Loading (TMDL) study focused on
limiting Total Phosphorus levels in Lake Whatcom. Unlike the TMDL,

the integrated risk assessment calculates risk for multiple sources and
stressars, rather then for only one contaminant. An eliminalion of Total
Phosphorus as a shresser would only reduce risk to the watershed by 20
percent. The inlegrated framework developed in this study is applicable
to other regions managing rapid population growth and develepment in
myltiple-use watersheds.

Watershed-Scale HSPF Modeling to Evaluate the
Hydrologic Effects of Floodplain Restaration and its
Ability to Mitigate the Hydrologic Impacts of Highway
Construction

Ed Molosh *, Washington State Department of Transportation

Joe Brasher, Clear Creek Solutions

The Bear Creek watershed is o 48,000 acre, 4th order tributary to the
Sammamish River in King County, Washington. The Washington Siate
Department of Transpertation initiated computer modeling invesfigations
to determine whether floodplain restoration at the confluence of Bear
and Evans Creeks could mitigate the hydrologic effects of highway
expansion by reducing in-sfream peak flows and the frequency of
erosive and channelforming flows. A calibrated Hydrologic Simulation
Program-Fortran (HSPF) model was modified to examine 11 restoration/
mitigation scenarios and the conventional flow control method - a wet
vault designed to match pre-developed flow/duration statistics. The
results indicate that reforestation of 0.2 percent of the tolal watershed
reduced all peak flows between 50% of the 2 year storm to the

50 yeor storm by 0.2 percent. Adding backwater wellands to the
floodplain restoration scenarios reduced peak flows by 3.9% to 11.0%
and reduced the frequency of significant erosive and channelforming
flows for all scenarios evalualed. The results indicate that loodplain
restoralion has the ability te “lurn back the clock” hydrelogically

and may be an effective and costeffeclive strategy for mitigating

the hydrolegic impacts of highway construction and associated
development.

Session 7E: Stormwater Solutions
Chair: Bruce Wulkon

Non-Point Sources of Pellution in the Lower Fraser Valley:
1970-2006

Jennifer MacDonald™®, IRES/UBC & Environmen? Canado

Sandra Brown, Hans Schreier, Ken Hall, institute for Resources &
Environment {IRES) UBC

How to deal with agriculturol and urban non-point sources of pollution
are the main water quality challenges in the ributaries of the Lower
Fraser Valley. Trends in waler quality have been examined over the past
30 years in a lorge number of watersheds by the UBC team and the
results indicate that progress is being made by introducing innovative
mitigation and pollution prevention measures. However, nutrient and
trace metal problems in the most intensively used agricultural area are
increasing. Changes in impervious areas in the urban environment
coupled with the increase in transporiation are contributing to increased
metal and organic contamination in water and sediments. This is
demonstrated in two urban, ene urban-rural fringe and three agricultvral
watersheds, which have been studied over o 30 year period. The
presentation will highlight the impacts of land use activities on stream,
local groundwater and sediment quality. The effectiveness of innovative
stormwater detention systems and protective buffer zone measures will
be featured to show how such approaches can help in reducing the
impacts,

Urban Non-Point Source Impacts on Seattle Area Stream
Phosphorus Transport

Michael Brett™, Sara Muller, Ben Brottebo, Micaela Ellison, George
Arhonditsis, University of Washington

We have conducted a series of sludies looking at urban land cover
impacts on stream nulrient fransport in the King County region of Puget
Sound. These stream catchments assessed are along a gradient of
73% forest to 87% urban land cover, with no major nutrient point
sources. Nutrien! transport in these study sites was examined at
decadal, seasonal, daily and hourly increments. Overall, stream water
phosphorus concentrations were moderately strongly correlated with
catchment land-cover type, whereas nitrogen concentrations were only
weakly correlated with land cover. Dissolved nutrienls concentrations
had distinct seasonal cycles, with dissclved P peaking in the summer
and dissolved N peaking in the winter, but varied litle at daily and
hourly increments even during storm events. Particulate phosphorus had
extremely dynamic concentralion fluctuations which were associated
with short term flow spikes. Approximately 25% of the total TP transport
in these streams occurred during just 2-5% of days, but this transport
was dominated by particulate P with low (i.e. 20-25%) bioavailability.

Bioretention Design, Sizing, and Flow Control Benefits
Curtis Hinman *, Washingfon State University

Over the past few years much attention has been directed to

educating engineers, planners, and allied disciplines about low impact
development and stormwater management in western Washington.

For example, in January 2005, WSU Extension and the Puget Sound
Action Team completed the Low Impact Development Technical
Guidance Manual for Puget Sound that serves as a resource for western
Washington stormwater managers. Currently, little attention has been
directed toward homeowners concerning the benefits of LID and in
particulor design assistance for the primary LID applicationdbioretention
or rain gardens. During February 2007 the first rain garden guide

for western Washington homeowners will be completed by WSU and
regional experts in stormwater management, hydrology, and lendscape
architecture. To better understand the level of flow control that can be
expected frem bioretention installations, extensive modeling examining
different impervious surface coverage’s, soil types and rainfall amounts
was conducted using the Western Washington Hydrologic Model (the
primary stormwater design medel recommended by WA Department
of Ecology]. WWHM3 PRO incorporates the latest monitoring data on
bioretention flow control collected by City of Seattle over the past four
years. The presentafion will briefly iniroduce the rain garden handbook
and then focus on the modeling process for the project and the resulting
bioretention sizing and flow control guidelines.

Stormwater Quantity Control for Highways and
Subdivisions- The Case for Exempting Projects Discharging
to Large Streams

David Hartley *, Derek Stuart, Northwest Hydraulic Consulfants, Seatte
Office

Sarah North, Northwest Hydraulic Consultants, Vancouver, B.C. Office
Prior to 2005, Washington State Department of Transportation
(WSDOT) and other stormwater management agencies applied “best
professional judgment” to identify river reaches “big” enough 1o receive
stormwater runoff directly from highways and subdivisions with no
stormwater quantity control facility and only water quality treatment
After the ESA listing of the Puget Sound Chinook, the Federal Services
requested thal the Department of Ecology (WADQOE) and WSDOT
provide a scientific rationale for these river exemptions. In eastern
Washington, WADQE had recently determined that best available
science sypported quantity control facilities to protect small streams,
but not streams larger than 5th order. This was the departure point for
determining criteria for the confrasting climatic, physiographic, and
land use conditions west of the Cascades. Since available literature
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suggested a lack of precise tools relating stream instability and other
impacts to land use actions or siream size, an ecologically cautious
approach requiring simultaneous satistaction of both conservative
stream size and land cover change criteric was proposed.  GI5 tools
were conceived and applied to screen all western Washington streams
for these two criteria and thus identify reaches suitabie for quantity
control exemption. The resultant list of exempt reaches has been
incorporated into both the 2005 WSDOT Highway Runoff Manual and
the WADOE Stormwater Manual for Western Washington.

Using Market Forces to Implement Sustainable Stormwater
Maonagement
Jim Middaugh™, Don Vizzini, City of Portland Environmental Services

Growth and inadequate infrastructure have impaired Portland’s

natural systems. Traditicnal responses are inadequate to meet existing
or emerging demands. Portland’s immadiate response is to invest

$1.4 billion in large tunnels that will manage about 15 percent cof the
develocpment planned through 2040. To address community, economic
ond environmental concerns, Portland also is evalualing the feasibility
of using a credit frading system to crecte incentives for property owners
10 install smalkscale, performance-based stormwater systems. The study
is focused on current and future infrastructure needs, the potential
environmental and economic benefits from private redevelopment

and retrofit opportunities, the relationship of a eredit trading system

to the financial structure of the City's utilities, the likely levels of public
aceeptance and participation, and the costs of administering the credit
trading system. The project also is altempting to establish ecosystem
service values of BMPs compared with traditional piped approaches,
confirm valuation of future flow control and stormwater quality, conduct
an assessment of the regulatory and policy implications of the program,
and to evaluate economic and social equity issues that may arise from it.

Parking Lots to Creeks to Puget Sound

Melinda Fohn ™, Kitsap County Heaith District

Kitsap County Health District (Health District) and Kitsap County
Surface and Stormwater Management are taking a unique approach
to reduce fecal pollution threatening shellfish beds in Dyes inlet,
Silverdole, Washington. Onsite sewage system inspections, stormwater
site inspections, and education of property owners and tenants in this
predominantly commercial land use area have resulied in a statistically
significant reduction in fecal coliform bacteria in Clear Creek, the major
fresh water tributary into Dyes Inlet. Since 2005, the Health District
and Surface and Stormwater Management have performed stormwater
system sile inspections of over 200 torgeted commercial properties.
Thirty percent (30%] of the properties inspected required maintenance,
predominately sediment removal. A majority (96%) of property owners
have complied with maintenance deficiency correction requests.
Addilionally, educational surveys have been conducted with tenants of
the properties. Educational surveys inform tenants an how to manage
their business to produce cleon stormwater runoff. Future work includes
completing additional educational surveys, kollow-up water quality
manitoring of problem stormwater outfalls, and ossessing the quality

of marine water and sireams in the Dyes Inlet watershed. This project
educates watershed residents and property owners about their actions
linking water quality, public health and stormwater system maintenance.

Low Impact Solutions to Stormwater from Small Farm
Confinement Areas

Brian Stahl*, Richard Geiger, Kitsap Conservation District

Located between the Hoed Cancl and central Puget Sound, Kitsap
county drains to both bodies of water, with 228 miles of shoreline

and numerous bays and inlets ideal for shellfish growing and boating.
The county is also home to approximately 2000 small farms. As
development incregses, manogement of storm water through control of
impervious surfaces has become critical.

Smali farms typically concentrate livestock in heavy use areas {HUAs)

for feeding, housing, and other purposes to protect pastureland, prevent
soil compaction, and profect natural resources. In wet weather, livestock
confined in these areas create mud and impervious conditions. If HUA
surfacing has been installed, it is usually considered impervious as well,
due to the type of materials, such as concrete and compacted gravels,
used. Kitsap County code requires any development or redevelopment
which results in the creation or accumulation of five thousand or more
square feet of impervious surface (including any impervious HUA areas)
to meet Storm Water Draoinage requirements.

Using a local model, Kitsap Conservation District will demonstrate

a feasibility and engineering methodology that will offer small farm
owners solutions to storm water infiliration on their property. This design
provides a serviceable HUA end storm water retention, detention and
controlled release all within a single area or “footprint.” Typically,
runoff from an HUA would need Io be directed into o separate
retention/detention pond with an outlet contro! structure. This results

in several design requirements that delract from the funciicn of a small
farm. The separate land area for the pond serves no other purpose,
and would probably need to be fenced to keep livestock ocut. To
achieve the required volume, the storm water designer must bolance
pond surface area against pond depth and length of outlet flow
conveyance for the pond to fill and meter out storm runoff with gravity
flow. To take advantage of infiltralion, the pond's bottom area must be
as large as possible. Rather than burden the landowner with situating
additional facilities inside o small parcel, all these functions can be
integrated within the heavy use area.

Panel 7F: The Shared Waters Alliance:
Proactively Addressing Water Quality in an

international and Multi-Jurisdictional Watershed
Chair: Julia Brydon

The Shared Waters Alliance [SWA) is an international working group
focused on the water quality of the Canadian-US shared waters of
Boundary Bay. Boundary Bay's waters support a rich and diverse
ecosystem; however, as the region’s population has grown, these waters
have experienced varying degrees of environmental degradation due
to urbonization and agricultural intensification. The SWA was formed

in 1999 and is made up of government representatives, First Nations
and community groups from both countries. A primary driver for the
formation of this working group was the shellfish contamination that had
closed Boundary Bay for harvesting since 1962. Since then, the focus
of the group has expanded to reflect emerging concerns. Watershed
studies have been conducted, including a circulation study of Drayton
Harbour and a survey of oulfalls along the Bay, which identified the
Litle Campbell River {LCR) as the most significant contributor of fecal
contamination into Drayton Harbour. These results led to o watershed
characterization study of the LCR and a water quality monitoring
program which links into a watershed forecast modeling system. The
experiences of the SWA reflect how a multi-jurisdictional watershed with
numerous non-point sources of pollution can be managed through a
coordinated effort among different stakeholders. Presentations will be
followed by a panel discussion.

Panel Members

¢ Alice Cheung, Environment Canode

* Pamela Zevit, Adamah Consulrants

*» Christy Juteau, BC Ministry of Environment

¢ Stuart Hamilton, Environment Canada

¢ David Riley, Little Compbeil Watershed Society
¢ Carrie Baron, City of Surrey

* Hillary Culverwell, Puget Sound Action Team

* Joanne Charles, Semighmoo First Nation
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Panel 8A: Hypoxia in Estuarine an::l Coastal

Areas of the Pacific Northwest
Chair: Jan A. Newion

This session is a panel presentation and discussion of spatial and
temporal observations of hypoxia in estuarine and coastal areas of the
Pacific Northwest. Invited panelists will present data from the coastal
shelf, Georgia Basin, and Puget Sound including Hood Canal. Hypoxia
is a complex issue because the factors driving it are diverse and can
include both large-scale climate and oceanic forcings as well as local
scale perturbations in the watershed or landuse. We will examine

the patterns in tha entire region and discuss underlying mechanisms,
Panelists will present short summaries and then there will be @ general
discussion with the audience.

Panel Members:
= Al Devol, University of Washington
* Jeff Richey, University of Washington
* Wayne Palsson, Washington State Department of Fish and Wildlife
* Pete Dowty, Washington State Department of Natural Resources
Joel Elfiott, University of Puget Sound
* Mitsuhiro Kowase, University of Washington
* Bohyun Bahng, Universily of Washington
* Sandy Parker-Stetter, University of Washington

Session 8B: Juvenile Salmon Habitat
Chair: Kurt Fresh

Distribution Information from Coded-Wire Tag Recoveries
of Juvenile Coho and Chinook Salmon Released into the
Strait of Georgia and Puget Sound from 1997 to 2007.
Richard Beamish™®, Fisheries and Oceans Canada

Ruston Sweeting, Fisheries and Oceans Canada

We report the results of an analysis of over 5000 coded-wire tag
recoveries of ocean age 0 coho and chinook salmon captured in our
surveys from 1997 to 2007. In the July surveys, o consistent percentage
of about 10-15% of the tagged coho in the Strait of Georgic were from
Puget Sound. Moslt [92%) of these coho were from the Nocksack and
Skagil River areas [WADQ1 and WAO2). No tagged coho released
into the Strail of Georgia were found in Puget Sound and few coho
from WAQT and WAQ2 were captured south of their release areas.
Recoveries in Juan de Fuca Sirail and off the west coast of Vancouver
Island were virtually all from releases from Puget Sound from areas
WAQ! and WAD2. In the September surveys, the number of tagged
coho in the Sirait of Georgia remained high, while recaptures in Puget
Sound dropped dramalically. There were large increases in tag
recaplures in Juan de Fuca Strait and off the west cost of Vancouver
Island, with most of these coho ariginaiing from the southern part of
Puget Sound {WAOQ3 1o WAOQS5).

About 10% of the tagged juvenile chinook salmon recaptured in the
Strait of Georgia in July were from Puget Sound and virtually all were
from WAO1 and WAQ2. Only one chinook released into the Strait of
Georgia was recaptured in Puget Sound. In September, the percentage
of tagged coho released in Puget Sound and recaptured in the Strait

of Georgia remained unchanged except that most of these coho came
from WAO3, WAO4 and WAODS. Unlike coho, large numbers of tagged
chinook salmon were captured in Puget Sound in September. About 3%
of these recaptures were originally released off Canada. Caiches in
Juen de Fuca and off the west coast of Vancouver Island indicated that
chinook saimon from Puget Sound the Strait of Georgia were moving
offshore.

In general, the pattern of releases and recaplures indicated that echo
released into the Strait of Georgia virtually never enter Puget Sound

and only a few percent of the chinock released in the Strait of Georgia
enter the sound. Virtually all the coho released into Puget Sound and
captured in the Strait of Georgia were from the Skagit/Nooksack area.
In fact, these coho were not common in our catches in Puget Sound
south of this area. Tag recaptures showed that most coho left Puget
Sound in August and the Strait of Georgia after September. Chinook
remained in Pugel Sound through September,

Juvenile Chinock Salmon Use of Small Non-Natal Estuaries
in the Whidbey Basin

Eric Beomer®, Skagit River System Cooperative

Aundrea McBride, Skagit River System Cooperative

Kurt Fresh, NOAA - Norithwest Fisheries Science Center

Skagit Bay research conducted in 2002 found that wild fry migrant
Chinock salmon extensively use non-natal pockel estuaries. Nonnatal
pocket estuaries ore small estuaries within the landscape that are not
associated with salmon bearing watersheds. A large estuary like Puget
Sound conlains river moulh estuaries & smaller-scole estuaries clong

its margins. Qur understanding of Chinaok salmon ecology in pocket
estuaries has thus far been limited to sites within Skagit Bay. We have
now expanded our research to 10 sites throughout Whidbey Basin

in order to befter understand the potential role of pocket estuaries

in the larger scale salmon ecology. Our research has shown that
differences in habitat type, annual smolt population size, and londscope
connectivity all influence juvenile Chinook salmen use of nearshore
habitats. We generally observe higher densities of juvenile Chinook
salmon af pocket estuary sites nearest natal Chinook river mouths. We
also find 3 of 4 corridor pocket estuary sites {those distant from any
river] have consistent juvenile Chinook salmon use, suggesting that
corridor sites are also important in the nearshore landscope as salmon
travel from their natal rivers to ocean environments. More study is
needed fo quantify how fish move within the nearshore environment,
especially after they have exited natal river estuaries.

Fornsby Creek/Smokehouse Floodplain SRT Project
Steve Hinton ™, Skagit River System Cooperative

Rachel Lovelford, Swinomish Tribal Community

Todd Mitchell, Swinomish Tribal Community

Funded by the Washington State Salmon Recovery Funding Board,
USFWS, and NRCS this lide gate replacement project conductad by
the Swinomish Tribal Community, of LaConner Washington, began
baseline data collection in 2003. In 2005 an "Aberdeen style” gate
design wos installed ond tested. in addition, the project included
several floodplain and riparian elements designed to improve habitat
quality in preporation for salmonid utilization. The project went fully
operation during the salmonid out migration peried early in 2006. This
presentation provides a glimpse at initial monitoring results from dato
collected on fish use, groundwater effects, surfoce water, and solinity
movement through the 2006 migration season relative to baseline
information. This presentation also provides insight to the design,
implementation and operation of a barn door style hydraulic design as
a solution to fish passage issues.

Juvenile Salmonid Use of Off-Channel Marsh and
Vegetated Distributary Channel Edge Habitats in the
Snohomish River Estuary, Puget Sound

Mindy Rowse *, NOAA/NMFS/NWFSC

Andrew Haas, Snohomish County, Deparfment of Public Works
Kurt Fresh, NOAA Fisheries, Northwest Fisheries Science Center
Anna Kagley, NOAA Fisheries, Northwest Fisheries Science Center
Joshua Chamberlin, NOAA Fisheries, Northwest Fisheries Science
Center

Todd Zockey, The Tulalip Tribes, Natural Resources Department

The Snohomish River estuary/delta provides critical habitat for Chinook
and other juvenile solmonids as they migrate from freshwater to ocean
feeding grounds. Juvenile salmon use off-channel marsh and vegetated
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distributary cinannel edge habitats for rearing during their transition
between fresh and salt water. Afthough use of off.channel marsh
habital is well documented, little is known about use of distributary
channel morgins. In the Snohomish delta, 85% of the pre-settlement
tidal marsh extent has been lost due to diking and filling. Most
remaining habital is located along the edge of four major distributory
channels. Diking, clearing and LWD removal have greatly simplified
these estuary habitats. We studied juvenile salmon use of off-channel
marsh and vegelated channel edge habitals in spring and summer
using enclosure traps. We compared blind tidal marsh channels, simple
(no LWD) vegetated distributary channel edges, and complex (IWD)
vegetated distributary channel edges. Preliminary results indicate
channel edge habitais have increased species richness when LWD is
present. Edge habitats elso have similar salmonid densities compared
to offchannel marsh hebitats. Relative fo juvenile salmen distribution
and the continuity of suitable habirats, distributary channel edge habilat
represents an area important for juvenile salmonids rearing in the
Snohomish River estuary.

Spatial and Temporal use of the Snohomish River Estuary
by Four Species of Juvenile Salmon

Kurt Fresh*, Mindy Rowse, Anna Kagley, NOAA Fisheries, NWFSC
Brian Keldar, Tulalip Indian Tribe {currently at Syracuse University}
Joshua Chamberlin, NOAA Fisheries, NWFSC

Tedd Zackey, Tvlalip Indian Tribe

Since 1991, we have been studying spatial and temporal patterns in
use of intertidal areos of the Snohomish River Estuary by juvenile salmon
using beach seining. We found that hatchery produced juvenile coho
and Chincok salmen appeared to mave repidiy through the system,
Naturally produced juvenile Chinook salmon were typically present

for the longest time period with juveniles present in some years from

the beginning of sampling in February until sampling terminated in
September/October. Few juvenile Chinook salmon were present in
intertidal areas after water temperatures exceeded 17-18C. The shortest
species residence times were generally for pink salmon {March to May])
and coho salmon {May to July) although in several years, we found
coho salmon juveniles in estuarine habitats into late fall. The presence of
chum salmon juveniles as large os 75mm suggested some chum salmon
waere rearing sither in lower mainstem wetlands or estuary. Although

all species used all areas of the estuary, fish were generally more
abundant in mainstem channel habitats than in the major distributary
channels. Considerable annual variability in abundance and distribution
of all species using the estvary was observed ond was likely due to a
combination of factors including environmental conditions and variability
in escapement.

S

Session 8C: Invasive Species | - Spartina
Chair: Tom Therriault

Aquatic Nuisance Species in the Pacific Northwest -

- Update from the 2003 Georgia Basin Puget Sound
Conference

Stephen Phillips*, Pacific States Marine Fisheries Commission

in 2003, we gave a presentation at the Georgia Basin Conference on
responses to aquatic nuisance species of concern. This talk will provide
a PSMFC ANS progrom update, including post, present ond future
activilies.

We conlinue to direct funds at four aquatic nuisance species: zebra
mussels, Atlantic solmeon, green crab and Chinese mitten crab. Qther
species are drawing interest as well,

We continue monitoring the abundance and distribution of the European
green crab along the west coast. A pilot green crab eradication project
in California was started in 2006. In Washington, we continue to

fund AHantic salmon monitoring. A predictive model for estimating

the potential West Coast range and population size for Chinese mitten

crobs was developed by Portland State University.

The year 2003 marked the beginning of the Bicentennial of the

Lewis and Clark expedition, and the concern was that the predicted
thousands of boals traveling the route could be an invasive species
vector, parficularly zebra mussels. A program was put in place to stop
the potential infroduction of zebra mussels from this event - what did we
learn?

This talk will provide information on a zebra mussel economic impact
study ond the development of zebra musse! rapid respense plan.

A collaborative approach to Spartina detection and
removal in the Georgia Basin - Spartina

Kathleen Moore*, Canadian Wildlife Service, Pacific Wildlife Research
Gary Wilhoms, GL Williams & Associales

Rob Knight, Community Mapping Network

Tom Blackbird, British Columbia Ministry of Environment

Verne Kucy, Corporation of Delta

Amber Smith, Yancouver Aquarium Marine Science Centre

Juergen Baumann, Vancouver Port Authorily

Richard Wallis, Greater Vancouver Regional District

Dan Buffetr, Kim Houghton, Ducks Unlimited Canada

Nilcki Wright, Seagrass Conservation Working Group

In the fall of 2003, Spartina anglica was discovered during habitat
surveys in the Fraser River Delta {Vancouver, British Columbia). Since
this invasive plant con negatively impect mudflats, o multi-agency
partnership was formed ta monitor and remove Spartina. Since 2003
the agencies have located infestations using a rapid ossessment
method {i.e. hovercraft) and walking shorelines with hand held global
positioning systems {GPS). The GPS data was mapped using a
geographical information system {GIS) and entered on the Community
Mapping Network website allowing all agencies and the general
public access to the information. Control methods were restricted

to manval methods, which include digging up individual plants and
small clones, and mechanical “deep in situ” burial of large clones
using a low ground pressure excavalor. Despite limited funding and
resources, the parinership have removed all identified locations from
Roberts Bank, significantly reduced the distribution and amount of
Spartina in Boundary Bay and expanded detection lo the east coast of
Vancouver Island. In addition, agencies from BC and Washington have
cooperated on sharing data, a drift card survey, outreach information
and technical expertise for the detection and central of Spartina
demonstrating a strong cross border partnership.

Is Spartina Eradication Possible in Puget Sound?

Randy Taylor*, Washington State Department of Agriculture

Sparfina , commonly known as cordgrass, is an aggressive noxious
weed that seriously disrupts the ecosystem of native saltwater estuaries
in Puget Sound. Sporting out compeles nclive vegitation and converts
mudflats into monolypic Spartina meadews, destroying important
migratory shorebird and waterfowl habilat, and severly impacting
shellfish production.

WSDA is leading a cooperative effort to eradicale Sparting from Puget
Sound. Using an Integrated Pest Management approach, the effort has
resulted in a reduction of Spartina from a high of approximately 1000
solid acres in 1997 to roughly 300 acres at 99 sites in Puget Sound in
2006.

The reduction of infested acreage presents new challenges to the
ultimate goal of total eradication. As the infested acreage shrinks, it
becomes more and more difficult to seek oul remaining plants in the
vast acreage of Spartina habitat. The resources are available to ensure
eradication at smaoller individual sites, but we must develop new methods
and resources to achieve total eradication in the entire Puget Sound.

Spartina Mapping and Drift Card Tracking on the
Community Mapping Network
































































































































































































































































































