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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
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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

STANYd ANV SNOISS3S AVASANL

31



TUESDAY SESSIONS AND PANELS

32

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



WEDNESDAY, MARCH 28, 2007

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



Rob Knight*, Community Mapping Network

The Invasive Species Atlas on Community Mapping Netwark [CMN] is
one of over 50 web-mapping projects that CMN has developed for its
pariners. It focuses on locating and describing the rapidly expanding
suite of invasive species os accurately as possible. CMN is working on
bridging the information gaps in provincial/state data by engaging
citizens groups and concerned agency staff in BC and Washinglon.
Spartina sp. is a particulerly nasty genus of interfidal invasive plants that
threaten the productivity of the Pacitic Fiyway. They are showing up in
the Georgio Basin and ore well established in areas of Puget Sound. In
BC “Sportina Busters” has started mapping locations of Spartina and is
using those data to coordinale mechanical removal. Spartina anglica is
the big concern right now because so aggressive bul plant clusters ore
still small encugh to be dealt with using hand shovels and backhoes.

At the same time, folks in Puget Sound and BC have started a drilt

card study to anticipate where Spartina may be found next. Drift cards
released monthly from & Spartina locations are being reported by US &
Canadicn citizens when found, using CMN's onine digitizing function.

The CMHN is an NGO dedicated to sharing a wealth of natural resource
information and maps with communities, locally and internationally.
CMN integrates data from many sources and makes it accessible
through a userfriendly web mapping system, providing a unique set of
tcols to explore ond promote awareness of natural resource feotures.
Using a network of distributed servers, CMN offers Internet access to
comprehensive base mapping, aerial imagery and locol information,
working closely with other NGOs ond local governments.

Modeling Habitat Capability for Invasive Species Using the
Shorezane Mapping System

Jodi Harney ™, John Harper, Coastal and Ocean Resources Inc.

Mary Morris, Archipelago Marine Research Lrd,

ShoreZone is o coastal habitat mopping and classification system

in which low-cltitude, gecreferenced gerial imagery is collected
specifically for the interpretation and integration of geological and
biological features of the intertidal zone and nearshore environment,
The mapping system (housed in ArcGIS and MS Access databases)
provides a spatial framework for coastal habilat assessment on local
ond regional scales. Mapped regions now include more than 16,000
km of coastline in the Gulf of Alaska {see www.CoastAlaska.net) and
45,000 km of coastline in British Columbia and Washington state (from
the Columbia River mouth to the Alaska/BC border}. An additional
10,000 km of imagery was collected in Alaska in 2006.

Current research applicafions involve habitat capability modeling, in
which physicol and biological attributes mopped in the ShereZene
daotabase are used fo predict the distribution of habitats that would
support a particular group or species of interest. For example, a
capability model developed for the European green crab {Carcinus
maenas) appraises the sensitivity of shorelines in Washington, BC, and
southeast Alaska to colonization by this invasive species. Potential green
crab habitat “hot spots” identified by the model could provide a spatial
basis for the planning and implementation of menitoring stations for
species detection.

Subtidal Marine Invasives in Marinas

Glen Jamieson*, Lucie Hannah, Thamas Therriault, Fisheries and
Oceans Canado

Marinas on the east side of Vancouver Island were surveyed for subtidal
invasive species in August, 2005, both to determine the abundance and
spatial distribution of species and to assess whether marina features
could be correlated with invasive species occurrence. Marina features
considered were overall marina size, determined by total length of
maorage capacity; and cbundance and distribution of invasives within
each maring, i.e., on the outer parimeter or more centrally locoted
within the marina. Scrapings of about about 500 ¢m2 were taken from
floating docks and both indigenous and invasive species presence

were documenled. Results are summarized, and recommendations
provided as to how subtidal inventories for invasive species can be most
effectively conducted.

Panel 8D: BC’s Coastal Douglas-Fir Zone
Chair: Andy MacKinnon

British Columbia’s Coastal Douglas-Fir (CDF) ecological zone is a small
coastal rainshadow zone situated primarily on southeastern Vancouver
Island and the southern Gulf Islands. This area has less remaining old-
growth forest, fewer protected areas, less provincially owned (Crown)
land, and more developed land than any other ecological zone in BC,
The population in this zone is alsc increasing rapidly. Not surprisingly,
this area also contains o disproportionate number of threatened and
endangered plants, animols and ecosystems. This session will highlight
recent inventory and conservation initiatives in BC's coastal rainshadow
forests.

Panel Members:
* Andy MacKinnon, British Columbic Minisiry of Forests and Range
» Tara Sharma, Parks Canada
* Marlow Peilott, Parks Canada
» Trevor Jones, University of British Columbio
s Todd Golumbia, Parks Canada

Conservation Challenges in BC's Coastal Douglas-Fir Zone
Andy MacKinnen, British Columbia Ministry of Forests and Range

BC's Coastal Douglas-Fir (CDF) biogeoclimatic zone is BC's most
developed, least protected ecological zone. This coastal rainshadow
oreq, located primarily on southeastern Yancouver Island and the
southern Gulf Islands, contains a disproportionate number of threatened
and endangered species ond ecosystems. And management options are
constrained because approximately 93% of the zone is private land.
This poper describes this ecological zone, reviews land ownership and
status, and describes current initiatives in inventory and conservation in

the CDF.

Mapping landscape changes in the Gulf Islands National
Park Reserve
Tara Sharma, Parks Canada

Established in May 2003, the Gulf Islands National Park Reserve
protects Dry Coastal Douglasfir ecosystems. The park is subject to
ecosystem pressure as it is in close proximity to a rapidly growing region
and is a hub of tourism in the region.

The objective of this study was to identify and map the natural and
anthropogenically<caused changes in the park’s greater ecosystem to
support park planning and management. Historical orthophotos at the
scale of 1:10,000 to 1:15,000 from 1950 to 2004 were used to map
different ecosystems. These maps were overlayed in a GIS fo derive
ecosystem change maps showing hot spots of landscape changes and
to generate various change skatistics. In parallel, projects on a detailed
terrestrial ecosystem mapping and o LiDAR-based mopping are in
progress to generate speciesdevel information that will help enhance
the landscape change detection to provide information for restoration
planning and protection in the park. In this paper, results will be
presented for landscape changes that have taken ploce in the area in
past 50 years.

Using of Paleoecology and Bioclimatic Envelope Modeling
to Garry Oak [Quercus Garryana) Ecosystems in the
Coastal Douglas-Fir Zone of Southwest British Columbia.
Marlow Pellatt, Parks Canada

Ze'ev Gedalof, Department of Geography, University of Guelph

Karin Bodtker, Porks Canado

Marian McCoy, Department of Biological Sciences, Simon Fraser
University
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Alex Canon, Environment Canada

Under the Canadian Species al Risk Act (SARA} Garry oak ecesystems
are listed as “atrisk” and act os an umbrella for over one hundred
species that are endangered o some degree. In order to effectivaly
recover or allow these species to persist where possible, it is critical to
understand the ecological process essential for their ongoing survival.
The project | will discuss is @ multidisciplinary research project that
examines the paleocecology, modern ecology, ethnobotany, and fire
history of selected Gorry oak ecosystems. Undersianding mean fire
return intervals, ecosystem dynamics over time, cnd the role of people
in this ecosystem structure is crilical to the longterm survival of these
communities. We develop bioclimatic envelope models to display future
scenarios for Garry ook distribution in order to consider climate change
in the potential persistence and recovery of Garry oak ecosystems at a
spatial scale relevant to land manogers. We are synthesizing the results
of this project and proposing management actions to assist protected
area managers, scientists, and recovery teams in the lask of ecosystem
monagement and restoration. The restoration of ecosystem processes
may help in the long-term conservation of these systems ond achieve
ecological integrity in Garry oak ecosystems.

Integrating Advanced Spectral and Structural Remotely
Sensed Data to Improve Vegetated Terrestrial Ecosystem
Mapping and Menitoring

Trevor Jones, Nicholas Coops, Universtiy of British Columbia

Tara Sharma, Parks Canoda: Gulf Islands National Park Reserve

The Gulf Islands National Park Reserve encompasses 35 square
kilometers of lands spread over 15 islands and numeraus islets in British
Columbia. Rapid urbanization in the region makes this area one of the
most threatened landscapes in Canada. To ensure longterm ecological
integrity within the Park, accurate and up-to-date information on the
various ecosystem components is required. Information yielded from
convenfional cerial photography-besed Terrestrial Ecosystem Mapping
provides some of this information, but is costly and requires significont
interpretation moking it poorly suited for operational moritoring.
Satellite-based remotely sensed dato offer a viable opfion for relioble
and repefitive ecosystem mapping in a cost efficient manner; however,
broadband data have limited spectral and spatial resolution, making
vegetative species discrimination, and changes in forest canopy structure
difficult to predict. Recently, hyperspectral remotely sensed data has
been shown to improve vegelative discriminafion whilst airborne LIDAR
dota is increasingly being used to represent 3-dimensional terrain

and forest canopy structure. This research investigates the integration
of Landsat TM data with AISA hyperspectral imagery, and LIDAR, in
conjunction with field observations, to derive structural, compositional,
and distributional information related to terresirial ecosystems within
the Reserve. The iniliol resulis and future direclion of this research are
presented.

Baseline Inventory, Ecological Classification and Mapping
the Southern Gulf Islands: A Framewaork for Ecosystem-
based Management

Todd Golumbia, Parks Canada

Gulf Islands National fark Reserve (GINPR) was established in Moy
2Q03. It is comprised of 3500 ha of land and 2600 ha of coastal and
nearshore subtidal areas on 16 islands and over 30 islets and adjacent
marine areas throughout the southern Gulf Islands region of British
Columbic, Conada. The key cbijectives for the GINPR are to ensure
the longerm integrity of the ecological and cultural values within the
park; and to provide opportunities for the public to learn about and
appreciate values within the park in a low-impact manner.

Due to the fragmented nature of park lands, inventory initialives have
ulilized regional partnerships to support wellinformed decision-making
in the greater ecosystem for ourselves and our neighbours. In order

to ensure that ecological integrity is given appropriote consideration,

numerous surveys have been undertaken over the past 3 years to
establish an understanding of baseline conditions ot establishment.
Data acquisition includes an assessment of current conditions using high
resclution ecosystem mepping of terrestrial, freshwater and coastal
areas as well as historic snapshots of land use from 1933, 1950 and
1975. As these data sets are compiled, we are now able to provide
meaningful data analysis in support of menagement decision meking,
ecosystem representation and landscape scale manitoring.

This talk will provide an overview of the various products and offer
examples of their current and propesed applications.

Session 8E: Nearshore Restoration Planning
Chair: Curtis Tanner

Scaling Tidal Channel Geometry with Marsh Island

Area: A Tool for Habitat Restoration, Linked to Channel
Formation Process.

Gregory Hood *, Skagit River System Cooperative

Hydraulic geometry and related analyses are often used to investigate
tidal channel geometry and evolution, and inform marsh restoration.
An alternative approach is presented that avoids calculating tidal prism
and allows analysis of additional channel metrics. it relies or scaling
relationships between marsh islond surface area and various meirics
of the set of tidal channels drairing each island. In the Skagit Delto
marshes (Washington, USA), total chennel surface area and length,
and surface area of the largest channel draining an island scaled
disproportionately with island area, suggesting restoration of a 100-
ha site would be preferable to restoration of ten separate 10-ha sites
to maximize channel length and area. A model of channel formation
through random island conglomeration replicated observed scaling
patterns, linking channel scaling to blind channel evolution from river
distributaries. Channel size and complexity varied spatially, with
significant deficits in an eroding marsh isolated from river distributaries
and riverine sediments.

March Point Geomorphic Mapping and Restoration
Assessment, Skagit County, WA

Jim Johannessen®, Andrea Maclennan, Coastal Geclogic Services

This study of March Point, located between Fidalgo Bay and Padilla
Bay in the northern Pugel Sound region, was conducted for the Skagit
County Marine Resources Committee. March Paint contains degroded
forage fish spawning areas, impacted salt marshes, and leng reaches
of shore protection. The project included current conditions and historic
reconstruction of key bluff sediment sources and accretion shoreforms.
Current condifions mapping was performed using geomorphic
reconnaissance by small boat with GPS, with maps developed in o GIS.
Historic reconstruction was accomplished though analysis of all relevant
historic maps, charts, air and ground photos, clong with historic records
of londslides and related topics. Additional historic change analysis was
conducted in GIS to determine erosional rates and trends at March Point
cusp and Crandall Spit complex, which were identified as important
nearshare habitat areas in previous studies. Specific coostal restoration
recommendations were provided based on results of quantitative GIS
analysis of current and historic conditions, along with past studies of the
shore of March Point. Restoration opfions were prioritized to assure that
restored sediment supply would benefit important nearshore habitats.
The sustainability of restoration recommendations was alse o major
consideration and both short term and long term projects were outlined,
along with cost estimates.

A Landscape Process Based Resteration Plan for North
Fidalgo Island, Washingten

Aundrea McBride™*, Eric Beomer, Skagit River System Cooperative
We propose a preliminary restoration plan for the North Fidalge
island shoreline based on restoring natural processes at the drift cell-



or geomorphic cell-scale. Working within a geomarphic framework
yields more predictable and sustainable results, and maximizes the
complexity and diversity of habitats restored based on the natural
landscape potential. The North Fidalge Island restoration plan is based
upon histaric change analysis, field reconnaissance, and application

of a geomorphic model. The historic Fidalgo Island shoreline included
shallow bays with eelgrass, lagoons, small tidal creeks, forage fish
spawning beaches, and rocky habilats with kelp. Many of these habitats
sfill exist but are heavily impacted. Historically, there were 11 small
pocket estuaries along the north Fidalge lsland shoreline, totaling ot
least 150 acres. Under present conditions, there is only 1 estuary site
{12 acres) with habitat accessible to fish. Physical restoration potential
exists for & of the historic sites, for a gain of epproximately 43 acres of
additional habitat area. Restoration of these 6 sites will decrease the
distance that fish must travel between pocket estuaries. Similer losses
have occurred in other important habitats, such as eelgrass meadows
and forage fish spawning beaches. This approach to restoration is being
applied throughoul the Whidbey Basin as well,

Multi-Scale Analysis for Shoreline Restoration Planning:
Linking Science to Policy and Stewardship

Michelle McConnell*, Jefferson County

Stephen Stanley, WA Dept. of Ecology

Heida Diefenderfer, Battelle Marine Sciences Laboratory

Margaret Clancy, ESA Adolfson

How do you decide where to focus your efforts in order lo maximize
restoration efforts and other management approaches given limited
funds and competing interests? By combining landscape analysis,
watershed scoring and necrshore assessments, Jefferson County is
taking a novel approach to the restoration plonning component of
their Shoreline Master Program [SMP} Update. This presentation links
landscape-scale characterization of ecologicel processes, watershed-
scale scoring of those processes’ level of importance and level of
alteration, and marine neorshore reach-scale scoring of ecological
functions and stressors to develop a tool that will help prioritize
restoration opportunities both in and out of the shoreline areq, help
guide development of the gocls, policies, designations and regulations
for the Jefferson County Shoreline Master Program, and is flexible
enough to accommodate new dala as they become available for an
adaptive manogement approach. The results are o powerful database
of GIS layers, easy-to-read color coded matrices and maps that show
areas of high, medium, and low relevance. This approach is designed
to meet and exceed the Washington State Guidelines for SMP Updates
{WAC 173-26).

Analysis of Methodologies for Prioritizing Nearshore
Restoration Areas in Puget Sound and the Northwest
Straits

Kirstin Holsman, Camille Russell*, Eric Stover*, Robin Clark, People For
Puget Sound

Restoration and conservation activities in Puget Sound and the
Georgio Basin have increasingly focused on restoring ecological
processes that support numerous aquatic species and ecosystems
while addressing basin-wide ecosystem threats and consequences.
These activities are increasingly supplemenied by responses from

local jurisdictions to shoreline management programs thot require the
protection and restoration of critical habitats in the nearshore regions.
Consequently, there is a growing need to assess the role of multiple,
interdisciplinary and site-specific nearshore restoration projects and
methedologies currently of significance in the Puget Sound region.
Within this context, People for Puget Sound, a non-profit advocacy
group, has developed o meta-analysis of timely and significant projects,
inventeries, characterizations, and assessments to inform a new
approach for prioritizing site-specific, habital resloration projects. Our
work synthesizes a diverse pool of studies and methodologies derived
from non-profit organizations, academia, government agencies, private

consulling groups, ond research entities. Our approach builds upon
existing methodologies based on ecological function, geomorphological
and shoreform charocterization, and flow and process madeling,

while evaluating our current pricritization methodology, The Bays
Blueprint, which relies on volunieer-based shoreline observations, aerial
photography, and digital shoreline information. This paper synthesizes
and examines the methodologies, and explores new strategies for

filling knowledge and data gaps, prioritizing restoration projects, and
conducting cost and feasibility analyses in nearshore habitat restoration.

Community Nearshore Restoration Program

Sve Texeira*, Richard Brocksmith, Hood Canel Coordinating Council
The Hood Canal Coordinating Council’s Community Nearshore
Restoration Program {CNRP) is a combined education and a restoration
program for marine waterfront property owners. It provides education
on nearshore processes and ecosystem functions in marine “edge”
habitats, and how anthropogenic disturbances impact those processes
and functions. The CNRP has been conducted on three small-scale
segments of nearshore in Lower Hood Conal, and will continue to
expand north. The CNRP is a community-initiated program where
shoreline landowners advise, promote, altend, educate, host, and
continue support through an ambassadorship role. The education

is delivered through workshops and beach walks where attendees
learn the habitat essentials that benefit saimon and water quality. At
beach evenls, specialists discuss stewardship proctices and identify
potentiol restoration or preservalion projects with landowners. The
CNRP helps landowners find funding for habitat restorafion projects
and protection. Through the Marine Riparian Initictive landowners
are provided technical assistance on planting plans, plantings, noxicus
weed removal, and given native shoreline plants. The results are @ new
group of informed property owners that will lead to more ecolegically
friendly methods of developing and managing their land; provides
more detoiled information to the regional nearshore study; grealer
opportunities to work with nearshore property owners on submitting
project applications.

Session 8F: Ecotoxicology in the PS/GB: From

Fish To People
Chair: Tracy Collier

Pacific Herring Bioassays for Testing Effluent and Marine
Water Toxicity

Paul Dinnel*, Western Washington University

Rondall Marshall, Washington Department of Ecology

Douglas Middaugh, U.S EPA, Retired

Karen Bergmann, James Eiphick, Nautilus Environmental

Pacific herring {Clupea pallasi) is an important forage and commercial
fishery species throughout its range on the Pacific Coast of the U.S. and
Canada. The largest Washington State herring stock at Cherry Point
hos sutered substantial declines in the last decade. While much of

this decline may be due to natural factors and excess fishing pressure,
both point ond nonpoint sources of polluticn cannot be ruled out as
potentially significant stressers that moy be acting in concert with other
faciors. Ongoing concerns about possible effects of chemicals in
effluents and sediments on early life stages of Pacific herring resulted in
on eHort by the Washington Department of Ecology to develop embryo
and larval Whole Efluent Toxicity {WET) test protocols for future testing
of effluents in Washinglon. Three eorly life stage test protocols have
now been successfully developed (and partially validated): 1) an 18-
doy embryo development test with both lethal and sublethal endpoints,
2) a 4-day ocute larval test using early post-hatch larvae, and 3) a 10-
day survival and growth test that uses Arlemia nauplii as a food source.
Additionally, there is good potential for establishing a future sediment
test protocol using the embryo development test.
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Estrogenicity of Municipal Sewage: Toxicogenomic Studies
with Chinook Salmon {Oncorhynchus tshawytscha)
Heather Osachoff*, Simon Fraser University and Environment Canada
Joy Bruno, Environment Canodo

Rachel Skirrow, Environment Canada

Tom Mammsen, University of Victoria

Chris Kennedy, Siman Fraser University

Graham van Aggelen, Environment Conada

As a five yeor Georgia Basin Action Plan project, the Environmental
Taxicology Section at the Pacific Environmental Science Centre is
investigating the potential impacts on salmon of emerging chemicals

of concern (in effluents such as sewage) that enter the Georgio

Basin. Studies use a toxicogenomics approach - combining the

fields of environmental toxicology and genomics - with ¢ custom

cDNA microarray to examine the effects of sewage on liver gene
expression in chinook salmon {Oncorhynchus tshawytscha) exposed to
environmentally relevant sewage dilutions {a 200+old range}. Data
presented focus on the estrogen-responsive subset of genes contained
on the microarray, including: vitellogenin (VTG; structural egg protein
often used os a bicmarker), vitelline envelope proteins (VEPs; three
structural egg proteins), and estrogen receptor (ER; transcription
activator). VTG and VEPs are female-specific egg proteins not produced
by male fish unless stimulated by an exogenous estrogen-mimicking
chemical. Results show the absence of VTG gene induction in sewage-
exposed fish in our experiments, while other estrogen-responsive genes
(VEPs, ER and others} are clearly induced, some of them very sirongly.
Discussion includes preliminary interpretations: 1. @ hypothesis that

the VEPs are early, highly sensitive indicators of estrogen-mimicking
compounds, and 2. a novel concept of two different types of estrogenic
response to pollutants: a response with or without VTG gene induction.

Mortality of Swans Due to Ingestion of Lead Shot in NW
WA and SWB.C.

Cindy Schexnider™®, U.S. Fish and Wildlife Service

Mike Smith, Washington Cooperative Fish & Wildlife Research Unit,
University of Washington

Laurie Wilsen, Environment Canoda (Canadian Wildlife Service)
Mike Davison, Washington Dept. of Fish and Wildlife

Martha Jordan, The Trumpeter Swan Society

Jennifer Bohannon, Washingron Dept. of Fish and Wildlife

Sean Boyd, Environment Canada (Canadian Wildlife Service)

Chris Grue, Washington Cooperative Fish & Wildlife Research Unit,
University of Washington

At least 2,100 swans [mostly Trumpeter Swans [Cygnus buccinator]}
have died in Whatcom County, Washington and Sumas Prairie, British
Columbia during the past seven winters, the majority from ingestion of
lead shot. In 2001, the Canadian Wildlife Service, the Washington
Department of Fish and Wildlife, the US Fish and Wildlife Service,
and other stakeholders jointly initiated a study to locate the sources
of lead and halt the swan mortalities. Results are presented for 2001 -
2006. The overall area of the suspected lead source has decreased
from 100,000 ha fo less thon 10,000 ha. Swans were trapped, blood
samples collected and onalyzed for lead, and trumpeter swans fitted
with VHF radio or satellite transmitters, The locations of radiotagged
swans were recorded each day and night to determine forage and
roost sites. Carcasses were examined and cause of death determined.
Core sampling in foroge fields and roost sites has revealed lead shot
contamination in high swan use areas. An experimental technique of
hazing a relalively high lead shot density roost site is being conducted
during the 2006-2007 winter, while swan mortalities and habitat use
patterns centinue to be monitored.

Toxic Chemicals in Washingtonians: Findings of the
Pollution in People study
Margaret Shield*, Toxic-Free Legacy Coalition

The first comprehensive body burden study of toxic chemicals in

Washington residents was reported in 2006 by the Toxic-Free

Legacy Codlition, a state-wide alliance of health and environmental
organizations. Accradited labs analyzed levels of parent compounds
or metabolites of heavy metals, PBDEs, phthalates, perfluorinated
compounds (PFCs), pesticides, and PCBs in blood, urine, or hair
samples donated by ten individuals. Results confirm that exposure to
these chemicals is pervasive. Individuals tested had at least 26 and as
many as 39 toxic chemicals. PFCs, phthalates, PCBs, and mercury were
detected in all participants, through exposures from food, products, and
other sources of pollution.

Study results will be presented and their significance discussed by

the lead author. Two study participants, an occupational health nurse
and an environmental health advocate, will share personal and
professional views on the findings. Actions to reduce chemical exposures
in occupolional, community and home settings will be outlined. The
successes and challenges of a new iniliative at Children’s Hospital

to reduce toxic exposures to patients and staff will be described.
Washington State’s policy climate for improved chemical regulation
will also be discussed, including the accomplishments and chalienges
of the state’s program on Persistent Biocccumulative Toxins and new
policy options to prevent harm to future generations from unnecessary
exposures to toxic chemicals.

An Ecotoxicology Research Plan for Puget Sound

Nathaniel Scholz*, Tracy Collier, NOAA Fisheries, Northwest Fisheries
Seience Center

Ecotoxicologists at NOAA's Northwest Fisheries Science Center

have been investigaling the impacts ot chemical contaminants on

fish and other NOAA trust resources in Puget Sound for more than
three decades. Eorly research was largely focused on human land

use activities of the past. This included assessing the impacts of
conteminated “hot spots”, or localized sediments with high levels of
PCBs, PAHs, and other chemicals associated with the industrial activities
of the last century. In recent years, the research challenges related

te toxics in Puget Sound have become more complex. The sphere of
concern has expanded from contominated sediments to the pelagic
food web and, more recently, to watersheds that are increasingly
undergoing development. As a consequence of regional population
growth and urbanization, terrestrial runoH and other forms of non-
point source pollution ere now among the most important sources of
chemical contaminalion in the Puget Sound ecosystem. In response to
these challenges, this presentation will identify current NOAA research
priorities in three theme areas. These include 1) mechanistic laboratory
research to identify novel pathways of toxicity, to establish thresholds
tor adverse health effects, and to develop new tools to diegnose

injury; 2) environmental monitoring and experimental manipulations

to assess the status and health of flatfish, rockfish, salmon, forage

fish and other species in the field; and 3] the use of GIS analyses,
population modeling, risk assessment and other approaches to forecast
the cumulative and long-term impacts of toxics on the Puget Sound
ecosystem. Several cross cutting issues will also be discussed, including
1) the need for new research on emerging contaminants; 2} the
effectiveness of source control efforts to reduce contaminant loading;

3] the efficacy of habitat restoralion activities in polluted environments,
4) the need to consider multiple stressors {chemical and non<chemical);
5) the need for more ecology {“eco”} in ecotoxicology; and 6) the
need to connect the health of individual organisms to population-scale
processes.

Session 9A: Hypoxia in Hood Canal
Chair: Jan Newton

In Situ and Remote Monitoring of Hypoxia in Hood Canal:

the ORCA Time-Series at Twanoh
Wendi Ruef*, Allan Devol, Jan Newton, Colin Smith, University of



Washington

High frequency profiles of chemical, physical, and biclogical properties
hove been collected by an autonomous moored profiling system at

a fixed station in southern Hood Canal since January 2005 using
surface meteorological sensors and a profiling underwater instrument
package consisting of o Seabird CTD, dissolved oxygen electrode, and
chlorophyll fluorometer.

The water column at this stalion was strongly stralified through-out the
seasons. Data coliected during large wind storms indicate localized
mixing during the event and rapid restratification after the wind

forces relaxed. The bottom water (lower 5 meters| was persistently
hypoxic and surface water {upper 10 meters) oxygen concentrations
fluctuated between undersaturated and supersaturated seasonally.
Large chlorophyll blooms were observed throughout the year with
subsurface maxima during the summers. Maximum bottom water
oxygen concentrations of ~ 90 umol/kg [~ 2.81 mg/L} were observed
at depth in the spring and decreased through early fall. The rate of
decrease was faster in 2006 and the minimum foll oxygen was alse
lower. Deep oxygen concentrations rebounded by November in both
years. A box model was used 1o evaoluate the roles of sedimentary
oxygen consumption, water column respiration, and advective oxygen
input in maintaining the persistent hypoxia in the bottom water through
oul the year.

Hood Canadil Fish Kill of 2006
Allan Devol*, Wendi Ruef, Jan Newton, University of Washington

As part of the Hood Canal Dissalved Oxygen Program, 4 autonomous
moared proliling systems {ORCAs) have been deployed in Hood Canal,
Puget Sound Each system collects high frequency (bi-hourly] profiles
of chemical, physical, and biclogical variables at fixed stations using
surface meteorological sensors and a profiling underwater instrument
package.

On September 19, 2006, o major fish kill occurred in southern Hoed
Canal. Data collected by the ORCA moorings suggest this fish kill was
caused by the combination of the gradual depleticn of deep water
oxygen, followed by shoaling of oxygen depleted deep water to just
under the pycnocline, caused by the annual intrusion of high salinity
water from the Pacific Ocean, and finally a rapid, susiained upwelling
favorable wind event that pushed the surface water layer northwards
and resulted in ocutcrops of low oxygen water at the surface. Oxygen
changes in the surface water occurred rapidly; within 12 hours the
surfoce oxygen concentration decreased by ~ 125 umol/kg (4 mg/L) to
vatues less than 20 umol/kg [70.6 mg/L). The event losted ™ 24 hours
and ended abruplly, with surface oxygen concentrations increasing
back to prefishkill levels within 2-4 hours.

Response of a Hood Canal Circulation Model to a Wind
Event Preceding September 2006 Fish Kill

Mitsuhiro Kawase *, University of Woshington

The fish kill event of September 19, 2006 in the southern Hood Canal
was preceded by a three-day period of southerly wind. This is believed
to have caused upwelling of hypoxic subsurface waters that lead to the
observed fish kill. To test this hypothesis, a circulation model of Hood
Canal was run with the observed wind of September 15 - 19, 2006
measured at the ORCA oceanographic buoys. The model was initialized
to a September of a climatological run with seasenal river discharge
and external salinity boundary conditions, and forced for five days with
the observed wind. Modeled response of the water column closely
rasembled the observation af the Hoodsport ORCA buoy bsfore and
during the event. The surface layer was pushed northward by the wind
aond replaced by on upwelling deep layer, which reached the surface
after four days of integration. Surface salinity increased throughout

the southern Hood Canal, pariicularly along the lower Olympic coast,
where the depth of upwelling reached 20m. The resultant oxygen
decrease at the surface was estimoted to be up to 8mg/| clong the

lower Olympic coast. At the some fime, the average deep inflow below
20m at the Hoodspart ORCA section increased from 434m~3/s to
1026m”3/s. Wind stress also acted os a significant source of turbulent
mixing in the upper layers of the model. The model results strongly
support the hypothesis of wind-driven upwelling causing fish kill events,
and highlight the importance of wind in the dynamics of Hood Canal.

Predicting the Impacts of Hypoxia on Marine Fish
Populations in Southern Hood Canal

Wayne Palsson *, Robert Pacunski, Tony Porra, Jim Beam, Washington
State Department of Fish and Wildlife

Hypoxic conditions have had o dramatic impact on fish populations in
southern Hood Canal. Using visual census surveys while on scuba, we
have tracked the abundance and depth distribution rockfishes, lingcod,
and other marine fishes at Sund Rocks and other sites in southern Hood
Canal since 2001. By correlaling ambient oxygen concentrations with
fish abundance and by relating fish kills to oxygen concentrations, we
are developing a model for predicting when fish will avoid or be killed
by low oxygen events. Copper rockfish avoid oxygen concenirations
below 2 mg/| but can tolerate concentrations to 1 mg/l. Other marine
fish spectes show similar responses, but smatier fish and species oppear
to be affected more than larger ones.

Fish kill events are not consistent batween years, offecling rockfish in one
instance and lingcod in another. Differences in behavior and lethality
during hypoxic conditions may relate to the magnitude and duration

of exposure, lemperature, past experience, and physiclogy. Recent
and past fish kill avents have resulted in long+term impacts reducing
populations of rockfish and lingeod at Sund Rocks by one third.
Continued efforts to minimize other population stressors are warranted.

Big Bacteria: The identification and Ecology of Visible Mats

of White Bacteria in Different Habitats of Puget Sound
Joel Elliott*, Mark Martin, University of Puget Sound

Visible mats of white bacteria have been observed on the surface of
sediments and rocks in a variety of marine habitats in Puget Sound.
The goals of this study were to 1} identify members of these microbial
communities using morphological and genetic methods, 2} use
underwater videography and beach surveys to map the distribution
and abundance of the mats, and 3) examine the ecological factors
influencing their distribution and abundance in space and time. The
mats were composed of sulfide-oxidizing bacteria, and the most
common member of the microbial community on sediments was
Beggiatoa spp., with large filaments (up to 120 um diameter) copable
of gliding mofility. Mats were observed at a variety of geographic
locations [e.g., Hood Canal, Commencement Bay), where they occurred
within specific depth ranges (10-25 m in Hood Canal, <10 m in
Commencement Bay). They occurred where there were relalively high
levels of hydrogen sullide [typically > 1000 M) in sediment porewater
or where streams of sulfide were seeping from intertidal sediments.
The type of bacterial community varied among habitals with different
substrates {mud, sand, rock], and other environmental characteristics.
The presence of surface mats of sulfide-oxidizing bacteria may be an
indicator of eutrophication or deposits of organic material {e.g., wood
waste) in the sediment.
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Hypoxia in Hood Canal: An Overview of Status and
Contributing Factors

Jan Newton *, University of Washington

Dan Hennaficus, Hood Canal Salmon Enhancement Group

In its second year, the collective eHorts of the Hood Canal Dissclved
Oxygen Program'’s Integroted Assessment and Modeling study
{HCDOPAM)] have resylied in a better understanding of the extent and
dynamics of hypoxia in Hood Canal as well as on-going evaluation into
its coniributing factors. In this presentation, we give an overview of the
current status of Hood Canal, compared with historical data, and some
insights on the majer findings to date.
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Session 9B: Juvenile Salmon Habitat 1l
Chair: Grant Kirby

Salish Sea Boundary Waters and Islands as Nursery
Habitats for Juvenile Pacific Salmon

Tina Wyllie-Echeverria*, Wyllie-Echeverria Associates
Russel Barsh, KWIAHT Center for Historical Ecology of the Salish Sea

Waters surrounding the San Juan and Gulf Islands form the crossroads
of the Salish Sea, where Pacific salmon {Oncorhynchus spp.) from
Puge! Sound and the Fraser River cross on their outbound and inbound
migrations. Until recently, surprising little attention was given to juvenile
salmonid use of nearshore habitats around the islands. In 2004,

using the beach seine method developed by Eric Baamer we began lo
investigate the seasonal distribution of juvenile salmon in the San Juan
Islands, focusing on the Boundary Pass area [in the direct path of the
Fraser), south San Juan and lopez Islands {closest to Admiralty Inlet
and Puget Sound) and San Juan Channel, which connects these areas.
Results thus far indicate that juvenile salmon occupy select nearshore
habitats from February through August. Juvenile chum [O. keta) and
pinks [O. gorbuscha) appear in the nearshore in February and were
unavailable to the beach seine by May and June respectively. Juvenile
Chinaok [O. ishawytscha) occur in our nets from May through July, and
in August 2006 when we sampled with on offshore net. Even though
there are no identified functioning spowning streams in the San Juan
Archipelago for these species of salmon, they occupy the nearshore
walers for several months each year.

An Assessment of Juvenile Fish Use in the Nearshore of
West Whidbey Island

Micah Wait*, Wild Fish Conservancy

Thomas Buehrens, Bowdain College

Brent Trim, Wild Fish Conservancy

Washington Trout sampled the nearshore waters of western Whidbey
Island during the juvenile salmon outmigration periods of 2005 and
2006. The purpose of the sampling was to determine the location,
timing, species composition, river of origin and size of juvenile salmon
using nearshore habilats on Whidbey Island in Admiralty Inlet and the
Sirait of Juan de Fuca. The west Whidbey shoreline is not adjocent io the
mouth of any large salmon producing river in Puget Sound. Fish usage
data here demonsirate how nearshore sites distal from river mouths
serve os secondary marine rearing habitat, used by fish migrating
between primary marine habilat al nearshore sites adjacent to river
mouths, and marine pelagic habitats. While it is conventionally held
that nearshore habitat occupation rates for juvenile salmon decrease
with increased distance from river mouths, our data show occupation
rates comparable with those observed at more proximel locations.
We suggest that secondary nearshore sites are important migratory
corridors for juvenile salmon and are relevant conservation targets.
The results of this study have supported a science-based prioritization
of nearshore habitat protection and restoration projects in the Island
County watershed planning process.

Landscape Structure of Intertidal Zostera Marina in
Hood Canal and the Eastern Strait of Juan de Fuca:
Hyperspectral Characterization of Yariation in Juvenile
Chum Salmon [Oncorhynchus keta) Habitat

Charles Simenstad™, University of Washington

Ralph Garono, Earth Design Consultants, Inc.

Ted Labbe, Port Gamble 5'Klollom Tribe

Alan Carter-Mortimer, Aspect Consulting, inc.

Robert Robinson, Earth Design Consulrants, Inc.

Chris Weller, Steve Todd, Point No Point Treaty Couneil

Jason Toft, Jennifer Burke, University of Washington

David Finlayson, US Geological Survey

Miles Logsdon, University of Washingion

Understanding nekton response to the spatial organizetion of habitats

requires knowledge of londscape sfructure scaled to the organisms’
interactions. In June-luly 2000, we acquired Compact Airborne
Spectrographic Imager (CASI) hyperspectral imagery from 20 km

of the Hood Canal and eastern Strait of Juan de Fuco shoreline lo
characterize the landscope structure of intertidal eelgross (Zostera
marina) used by migrating juvenile chum salmon {Oncorhynchus keta).
We subsampled imagery from 26 of the 145 flightlines, mapping 12
intertidal cover closses ovar 1100 ha of shoreline in seven regional
&focal areas’ at 1.5-m pixels {2.25 m2) resolution. Imagery was
classified and georeferenced along 4-ha sampling blocks. Dense
eelgrass (203-1,298 m2 ha-1] and unvegetated beach sediments
{sand, mixed sond gravel, mixed gravel-cobble) typically dominated
intertidal coverage. Mean total arec, and patch size, edge density
and arrangement (interspersion/juxtaposition) of dense eelgrass varied
across the focal areas, reflecting beach geomorphic sefting, and
perhaps extent and position of shoreline modifications. IF important
species like juvenile chum salmon respond differentially to variation

in eelgrass landscapes, refined knowledge about whether/how these
landscapes are self-organized, regulated by environmental factors and/
or offected by onthropogenic shoreline modifications will be necessary
for both resource management and restoration planning in this region.

Measuring Habitat Linkages in an Urbanized Landscape:
Case Studies of Shoreline Enhancements for Fish and
Invertebrates along Estuarine Shorelines of Puget Sound
Juson Toft*, Jeffery Cordell, Charles Simenstad, University of
Washington

Puget Sound shorelines have been extensively modified, especially
those associated with urban centers. A challenge for nearshore
ecclogists is to understand how anthropogenic modifications affect

fish ond invertebrates, and how to best restore or enhance biclogical
functions by integrating science and management. The waterways
surrounding Seatile, WA offer a compelling landscape to address such
issues, due to the abundance of shoreline modifications and the use

of shellow water habitats by juvenile paocilic solmon (predominantly
chum, chinook, and cche). Endangered populations of chinock
salmon migrate and rear along the entire estuarine carridor, further
complicating the undersianding of habitat associctions across the
freshwatersaltwater gradient. Cur research seeks to understand such
interactions by assessing habitat linkages and restoration progress by
ufilizing vorious sampling techniques, including enclosure nets, snorkel
surveys, gostric lavage, and invertebrate sampling. We will incorporote
a review of recent datasets with current case studies of shoreline
enhancements and restoration, as compared to more natural beaches.
Results indicate that different habitat types can affect not only fish and
invertebrate abundance and compositions, but also fish behavier and
feeding patterns. Such linkages ore just beginning to be investigoted,
and illustrate the need to further understand the role of habitat mosaics
in urbanized estuaries in order fo guide restoration efforts.

Impacis of Ferry Terminals on Juvenile Salmon Movement
along Puget Sound Shorelines

Ronald Thom*, Susan Southard, Battelle Pacific Northwest Natienal
laboratory

Gregory Williams, NOAA

Jason Toft, University of Washingfon

Christopher May, Geoffrey McMichael, Jessica Vucelick, Battelle Pacific
Northwest National Laboratory

Jennifer Newell, University of Washington

John Southard, Battelle Pacific Northwest National Laboratory
Over-water structures [OWS] may affect juvenile salmon, especially
chinook and chum, directly by disrupling migratory behavicr along the
shallow-water nearshore zone. To address this issue, we used 30 visual
surveys at 10 lerminals, light measurements ot 10 terminals, 160 snorkel
surveys at two terminals, and enclosure net monitoring and ccoustic
tagging and lelemetry at one terminal to investigale variobles affecting



juvenile saimon abundance and behavior.

Juvenile salmon were observed most frequently adjacent to ferry
terminals (within 10 m of the edge of the OWS), but were also observed
far from (10 to 50 m away) and underneath the terminals. Variations
in habitat, as mediated by tidal stage {offecting current magnitude and
direction, light under structures, water level) and lime of day [light level,
sun angle, cloud cover), likely affect these movements. Thus, shading
caused from various OWS characteristics can deter or delay juvenile
salmonid movement, and that this effect may be decreased at low

tides when ambient light can better filier beneath the terminal structure.
Acoustic tracking at Port Townsend indicated that the juvenile chinook
and coho moved under and past the structures quickly during the late
evening when there was a less distinct shadow boundary than during
full daylight.

Analysis Of Trade-Offs Between Water Supply And Critical
Habitat For Fish Species In A Drinking Water Reservoir

{an Williamson™, Simon Fraser University

As early as 188, the Capilane River was partially dammed to supply
water for Vancouver. In 1954, construction of the Clevelond Dam
creating a reservoir that currently supplies 40% of Greater Vancouver
Regional District’s (GVRD) water supply. The Cleveland Dam blocked
the route of Coho and Steelhead travelling up the Capilano River to
spawn. Greater than 95% of their spawning and approximately 75% of
their rearing habitat was lost.

Capilano is o protected walershed and drinking water reservoir
managed by the GVRD in accordance with British Columbia’s Drinking
Woater Protection Act, Canadian Drinking Water Quality Guidelines, and
GVRD Drinking Water Management policy. Conflicting situations may
occur where significant drawdown of reservoir level could compromise
critical habitat for aguatic species. The issue is the rode-off between
critical habitat for aquatic species ond water supply. The experience
pre-2002 under the Fisheries Act will be investigated and compared to
the post-2002 context under the Species at Risk Act.

Panel 9C: An Experiment in Marine

Conservation: The Northwest Straits Initiative
Chair: Andrea E. Copping

After 7 years the Northwest Siraits Marine Canservation Initiative has
a solid record of providing guidance to local governments on marine
issves, engaging volunteers on projecls that protect and restore their
marine resources and shorelines, and empowering large numbers of
individuals to view the marine environment as key to their well being.
We will demonsirate the effectiveness and cost efficiencies of the

NWS Initiative as a model for marine conservation with examples of
projects and activities successhully undertcken by the seven Marine
Resaurces Commitiees {MRCs) who make up the NWS Inifialive and the
MNorthwest Straits Commission. The panel will include local government
representalives who can discuss the role they see the MRCs can play in
marine conservation, as well as agency staff and citizens who interact
and benefit from the work of the Inilictive.

Panel 9D: Converting Data into Decisions for the

Georgia Basin-Puget Sound
Chair: Gina Bonifacino

A panel of four air quality managers ond scientists will reflect on the
science-policy interface in the management of GB-PS airshed. Questions
to be posed to the panel will include: How do managers use the
information they get from scientists? How do managers communicate
their science needs to scientists? How could scientisls and managers
work together more effectively? At this point in time, is scientific
knowledge a limiting factor in decision-making? What conflicts do you
see betwean scientific understanding and other decision drivers such as

economics or public perception? How should policy-makers react best
to ropidly emerging science?

Panel Members:
* Gina Bonifacino (ponel moderatar), United States Environmental
Protection Agency
* Hu Wallis, Brifish Columbia Ministry of Environment
s Peter Schwarzhoff, Environment Canada
* Sarah Rees, Washington Depariment of Ecology

Session 9E: Shoreline Restoration
Chair: Doug Myers

Puget Sound Beach Restoration: The Role of Beach
Nourishment
Hugh Shipman®, Washington State Department of Ecology

Much of Puget Sound's shoreline consists of sand and grovel beaches,
characterized by active sediment ransport under the influence of
waves. The relationship of these beaches to the ecosystems they
supporl is particularly complex due fo the dynamic nalure of sediment
movement, the significant role of natural disturbance, and the large local
heterogeneity in substrate, hydrology, and energy regimes. The long-
term condition of Puget Sound beaches is believed to be harmed by
the cumulative effact of seawalls and encroaching structures that bury
the upper beach and eliminate the supply of sediment from eroding
bluffs. Besides removing seawalls, which is not always feasible, beach
nourishment is one of few methods that directly addresses impaired
sedimentary processes on beaches. Beach nourishment is the artificial
addition of sediment to a beach to restore beach profiles, to replenish
key sediment sizes, or to miligote diminished sediment supplies. In

this paper, we present a conceptual model for beach pracesses that
provides a context for evaluating nourishment ot both site and drift cell
scales. We examine severa! locations where nourishment has been
employed to create, enhance, or restore beach functions, or where a
nourished beach has been used to enhance other hobitat types.

Longterm Monitoring of the Response of Skagit River
Chinook Salmon to Estuary Restoration

Correigh Greene*, NOAA/NMFS/NWFSC

Eric Beamer, Skagit River System Cooperative

Chinook salmon depend on functional estuaries as part of their complex
life history, but these habitats have undergone substantial loss and
modification over the last 150 years. The Skagit River estuary is no
exceplion, but recent efforts by a number of organizations has reversed
this trend with restoration projects in the Skagit River tidal delta and
nearshore. Scientifically documenting the effects of restoration on

the salmon population is a challenge that needs extensive longterm
monitoring. In this talk, we describe a conceptual framework for
predicting the effects of restoration, and a multi-component research
design that will allow us to quantify key life history types, migration
rates, and pepulafion dynamics in response fo multiple restoration
projects planned for the next ten years.

Nisqually Delta Phase 1 Estuarine Restoration Fish
Monitoring

Christopher Ellings*, Nisqually NWR & Ducks Unlimited

Sayre Hodgson, Nisqually Indion Tribe

In the Nisqually Delta, the Nisqually Indian Tribe and the Nisqually
National Wildlife Refuge are restoring tidal influence 1o nearly 850
acres of former pasture and farmland over the next several years.

The first phase {Phase 1) was implemented in 2002 and reclaimed
approximately 40 acres of pasture. This paper covers the results of our
Phase 1 restoration site monitoring efforts from 2003-2005.

Our obijectives for the Phase 1 restoration site monitoring were to
evaluate the opportunity, capacity, and realized function of the site for
salmonids and other fishes and to compare and contrast these findings
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with those from other sloughs within the Nisqually Delta. Opportunity
was examined by fyke-trapping each slough mouth, invertebrate
densities at each slough throughout the 2005 sampling season were
used as measures of capacily, and the diet compaosition of unmarked
and marked {hatchery} Chinook salmon was used to assess the realized
function of the sloughs for supporiing juvenile Chinook.

Results indicated that the Phase 1 restoration site provided immediate
benefit to Nisqually fishes by producing large quantities of prey
organisms, Blind tidal sloughs were found to be an important habitat for
several fishes in the Nisqually Delta but the diversity and density of fish
varied between the sloughs. Cumulatively, this monitoring data enables
us to make educated hypotheses about the impact of continued estuary
restoration on Nisqually Delta fish ecology.

Lone Tree Creek and Pocket Esturary Restoration Project
Todd Mitchell*, Swinomish Indian Tribal Community

Rache! LovellFord, Sarah Akin, Tiffany Hoyopatubbi, Swinomish Tribe
The Lone Tree Creek Restoration Project restored and enhanced salmon
habilat in the stream and pocket estuary located on the Swinomish
Reservalion in Washington State. The stream and pockel estuary were
blocked from tidal influence and fish passage by a series of perched
and undersized culverts. An important aspect of this project is that these
are culverts entirely on Tribal land. The Tribe has taken the initigtive to
correct fish passage probiems on Reservation, including this project,
even though the land base is relatively small (<12 sq. miles). The
project restored lidal influence and fish passage by replocing existing
impassible culverts (2 foot diameter} with a 40" bridge, a 10 foot wide
arched culvert, and three 8 foot wide squashed culverts. Tidal influence
in the enhanced pocket estuary will recreate estuarydype freshwater/
solt water mixing zones, crilical rearing habitat for juvenile sclmonids.
Fish usage will be monitored pre- and post- project 1o determine
eHectiveness of improvements. Planting additional estuary and native
plants in the wetlands and increased buffer will enhance the newly
opened estuary habilat os well os maximize filtering effects to improve
water quality. Current water quality monitoring will be continued to
determine water quality improvements.

Restoring Puget Sound Nearshore Ecosystem Through the
Use of Emerging Shoreline Protection Technologies.

Jose Carrasquero®, Tim Abbe, Herrera Environmental Consultants, Inc.
In Puget Sound, the use of bulkheads for shoreline protection has
resulted in significant impacts to the nearshore ecosystem. The greatest
effect occurs in the upper-most portion of the shoreling between MHW
and MHHW where the forage fish species surf smelt {Hypomesus
pretiosus} and Pacific sand lance [Ammodytes hexapterus) spown.
This is partficulardy important given that the shoreline area between the
MHW and MHHW is Critical Habitat for solmenid species profected
under the Endangered Species Act (ESA). In addition, these forage fish
species are an important food source for the ESA-protected salmonid
species. New restorative technologies that emulate natural shoreline
riparian and aquatic conditions offer an approach to protecfing
shoreline while restoring nearshore habitats. This new approach
emulotes the native shorelines of Puget Sound, provides wave energy
dissipation in the upper tidal zone, and preserves forage fish spawning
habitat. The approach consists of structures formed with @ complex
array or matrix of driftwood embedded into the beach in combination
with multi strata riparian planting. Wood density increases up the beach
1o a maximum density at the toe of the bank or bluff. The siructures do
not inferrupt longshore drift or reflect wave energy and visually reflect
the natural accumulations of trees and driftwoed found along Puget
Sound shorelines. These structures can also be used in Puget Sound's
locusirine and fluvial ecosystems.

Restoring the Beaches of Puget Sound
Jon Houghton *, Pentec Environmental
David Simpson, Coast and Harbor Engineering

Jim Starkes, Derek Ormerod, Jason Stutes, Pentec Environmental

The maijority of the eost side of Puget Sound was hardened with riprap
and bulkheads during the 20th Century, and much of this hardened
shoreline is occupied by a roilroad that is unlikely to move. Restoration
of more naturat shoreline habitats, ond the nalural processes thet sustain
them have been identified by several regional restoration planning
efforts in Puget Sound s one of the elements crifical to sclmon recovery.
This presentation describes two projects that have been completed

in Everett, Washington that have sought to restore @ mere natural
shareline habilat in areas where existing infrastructure precludes re-
establishment of natural processes. Both projects have created more
natural beach profiles with beach face, storm berm, and backshore
along approximately 0.5 km of hardened shoreline. Physical monitoring
has shown that the pebble/sand beach constructed nscr Mukilteo

has responded lo the ambient wove environmenl much as predicted.
Biclogical monitoring at this beach has shown a high level of activity

by juvenile solmonids and forage fish. It is not yet cerlain if forage fish
that previously spawned in sand at the base of the railroad bulkhead
will actually spawn on the new beach, however. For the second project,
clean dredged material was used to create a sloped sandy beach in
front of a rock jetty to improve the nearshore migration cooridor for
migrating salmon smolts. The ecological and fiscal costs and benefits of
both projects will be onalyzed

Session 9F: Contaminant Loading: Case Studies
Chair' Scott Redman

2003-2005 Contaminant Concentrations in Storm Water,
Sinclair/Dyes Inlet Watershed a Subasin of Puget Sound,
WA, USA

Jill Brandenberger®, Chris May, Battelle Pacific Northwest National
Laboratory

Robert Johnston, Space and Naval Warfare Systems Center

Dwight Leisle, Bruce Beckwith, Gerald Sherrell, Puget Sound Navol
Shipyard & intermediate Maintenance Facility

Contaminant concentrations during storm events were evaluated in
representative sireams and ouffalls discharging into the Sincloir-Dyes
Inlet watershed during eighteen winter/spring storm events from
2003.2005. A combination of fime-composites, low-composites, and
grab composites along with flow measurement were collected during
baseflow condifions and storm events. Samples were analyzed for
metal conteminants [mercury, arsenic, cadmium, chromium, copper,
lead, silver, and zinc), organic contaminants [polycyclic aromatic
hydrocarbons (PAHs) and polychlorinated biphenyl), and nutrients
(fotal inorganic nitrogen and total phosphorus) to determine event mean
concentrations {EMCs) as a function of total event rainfall and upstream
land use. Somples were also analyzed for aluminum, total suspended
solids, and total and dissolved organic carbon to estimate relationships
with particulate matter. EMCs were evaluated during baseflow and
storms classified based on total event rainfall. EMCs for outfalls were
clten five times higher than streams for the metels and 24 times higher
for PAHs; howaver, calculoted loadings from outfalls were lower than
streams due to the higher Hiow rotes and larger volumes of streams.
EMCs for copper, lead, zinc, and mercury show a positive relationship
between total metals and storm size. Generally, this was an inverse
relationship for outfalls suggesting a dilufion effect with larger storms.

Characterizing Waostewater Sources to a Small Puget
Sound Embayment using Stable Isotopes and Chemical
Indicators

Richard Dinicola*, U.S. Geological Survey, Washington Water Science
Center

Theresa Liedtke, USGS Columbia River Research Laboratory

Jessica Lacy, Renee Takesue, USGS Pacific Science Center

The U.S. Geoclogical Survey is investigating urbanizofion effects to



nearshore ecosystems as part of the Coastal Habitats in Puget Sound
{CHIPS) project. The ultimate objeclive is to link specitic watershed

and shoreline land-use activities with impaired nearshore processes

and ecosystems. Strategies for evaluating urban wastewater inputs to

a small embayment in Kitsap County, Washington, were explored in o
2006 reconnaissance study. Samples were collected in partnership with
the Suquamish Tribe and the Liberty Bay Foundation to onalyze stable
isotopes (815N and 813C) in biota, wastewater-indicator chemicals
and metals in marine sediments, and chlorophyll a in marine water.
Multiple wastewater compounds, including detergent metabolites and
human fecal indicalors, were detected in nearshore sediments and
showed that Liberty Bay was clearly affected by wastewater. Lead and
copper concentrations in bay sediments were significantly higher than
those measured at a reference outside of the bay. The 815N values from
biclogical tissue samples increased consistently with increased trophic
level, and will be evaluated with 813C data to establish the extent of
wastewater nulrient contributions to various levels of the food web.
Spatial and temporat variction in chloraphyll a concentrations indicated
a high sampling intensity is needed in even a small embayment to
understand the interaction between physical and biclogical pracesses.

An Investigation into the Fecal Caliform Pollution Around
the Shoal Island Shellfish Sanitary Closure

Andrew McNaughton*, McNaughton Environmental Consultants
Alice Cheung, Environment Canada

The Shoal Islands is located in southeast Vancouver Island, just east of
Crofton, British Columbia. The intertidal foreshore is densely populated
with Manilla clams (Venerupis philippinarum) and Pacific oysters
(Crossostrea gigas). Since the early 1970, the area has been closed
to the direct harvest of shellfish product in part due to elevated levels

of fecal coliform in both marine water and biota and uplond sources

of pollution. Suspected pollution sources have included agricultural,
wildlife, and the nearby pulp mill. As the closure has considerable
implications to the Halalt First Nation (HFN), who traditionclly horvest
the area for food, social, and ceremonial purposes, the HFN has been
actively investigating pollution sources and applying remediation
strategies. In 2005, under a cooperalive partnership with Environment
Canada (Georgia Basin Action Plan), the HFN continued their pollution
identification and mitigation efforts in the Shoal Islands. Extensive field
sampling was undertaken in both the morine environment as well as the
freshwater fributaries that drain into the Sheal Islands. This presentation
will discuss the study results, dota anomalies, and next steps in building
on our understanding of this complex project area.

Modeling PCB transport in the Lower Duwamish
Waterway, Seattle WA

Bruce Nairn™, King County

The Lower Duwamish Waterway Superfund site is made up of
approximately 5.5 miles of the downsiream portion of the Duwamish
River which flows intc Elliott Bay near downtown Seattle, WA.

For decades much of the lond adjacent to the Lower Duwomish
Waterwoy has been industrialized. The U.S. Environmental Protecfion
Agency (EPA) added the waterway to the Superfund list in 2001
because of contamination found in the waterway sediments, notably
polychlorinated biphenyls {PCBs). To support madeling of PCB
accumulation in the aquatic foodweb, o three-dimensional fate and
transport model was applied to simulate PCBs using the Environmental
Fluid Dynamics Code [EFDC). An cnalysis of model sensifivity to
different choices of model configuration and resolution is given,
illustrating the importance of scale on selecting o mode! configuration.

Current Use Pesticides in Surface Waters from an Urban
and Agricultural Watershed of the Puget Sound Basin
Chris Burke, Paul Anderson, Dan Dugger, Dale Norton®, Washington
Stote Deparment of Ecology

Jim Cowles, Washington State Deparment of Agriculture

The unintended transport of pesticides to surface waters poses a risk to
aquatic organisms. |n response to concerns of non+arget toxicity, the
Washington State Departments of Agriculture and Ecology established
an intensive surface water monitoring program for pesticides in salmonid
bearing streams to generate regional data to evaluate exposure. Two
study watersheds in the Puget Sound basin, Thornton Creek and the
Skagit-Somish Rivers, were selected to represent urban and agricultural
land-use.

Thorntan Creek, which discharges to Lake Washington was selected
as the urban index watershed due to habitat utilization by saimonids,
prespawning mortality of Coho Salmon, and historical pesticide
defections. The Samish-Skagit watershed represents o diverse
agricultural areq, with intense production and proximity to salmonid
bearing surface walers.

During 2003-2004, the progrom collected samples weekly between
March and September. Novel procedures were employed fo analyze
for 120 currently registered pesticides and degradate compounds.
Progressive regisiration restriclions in the urban walersheds have lead
to an apparent decrease in detection frequency and magnitude of
organophosphorus insecicides.

Session 10A: Hood Canal and DO: Nutrient
Dynamics
Chair; Duane Fagergren

On the Movement and Fate of Water and Nitrogen in the
Hood Canal Watershed

Jeffrey Richey™, School of Oceanography, University of Washington
Porranee Thanapakpawin, Dept. of Chemical Engineering, University of
Washington

Matthew Wiley, Dept of Civil and Environmental Engineering, University
of Washington

In order to identify the potential naturol and anthropogenic factors

that may be contributing to Hood Canal’s severely depleted oxygen
levels, the Hood Canal Dissolved Oxygen Program (HCDOP] is taking
a watershed approach. A dynamic mass balance is being established
of the movement of water and nitrogen across the landscepe into the
Canal, s a function of the moisture regime and landuse attributes. This
is being done through monitoring of the chemical composition of stream
water discharged info the canal, evaluation of land vse/land cover
patterns and chonges in the canal's watershed, and the implementation
of an integrated hydrological/biogeochemical modeling scheme
designed to simulate water and chemical fluxes through the watershed.
Hydrologic conditions in the approximately 1200 square mile orea that
form the contributing watershed to Hocd Canal are simulated using @
physically based, high resolution, rainfall - runoff model [DHSVM), with
GIS derived representations of elevation, soil type, soil thickness and
vegetation. A model of nitrogen transformalions on land and subsequent
mobilization to and through streams is then coupled to the hydrology
model. Results addressing overall mass flux and progress on separction
of natural and anthropogenic conditions are presented.

Land Cover and Soil Effects on Freshwater Nitrogen
Loading to the Hood Canal

Peter Steinberg ™, Michael Brett, Jeffrey Richey, Matt Wiley, Louren
McGeoch, Porranee Tanapakpawin, Suzanne Osborne, University of
Washington

The scole and duration of hypoxia in the Nlimited Hood Canal,
Washinglon have increased in recent years. Adverse effects on

marine biota have motivated an interest in measuring and modeling
sireamwater N dynamics, porticularly land cover, land use, and seil
effecis on total N load and N speciation. Dominant iond uses/covers in
the Hood Canal fributary watersheds include old growth and regrowth
conilerous forest, mixed forest, deciducus lowland forest, as well as
suburban and semi-rural development on shorelines and uplands.
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Among 45 sampled tributaries and nearly 2 years of monthly sampling
data, we have cbserved clear correlations between deciduous mixed
forest and total dissolved N, nitrate, and dissclved organic N. We
have also documented negative correlations between mature conifer
forest and total dissolved N ond nitrote. Dissolved organic C and N
have been correlated with percentage watershed area in muck and in
silty clay loam soils, both of which have high surface soil arganic matter
content. Correlations with watershed characteristics and comparisons
with typical rainwoter N concentrations both indicate that current

or historic anthropogenic disturbance in tributary wotersheds has
influenced the timing, speciation and magpnilude of watershed N loading
to Hood Coanal.

Nutrient Dynamics in Hood Canal

Corinne Bassin™*, Jan Newton, Al Devol, University of Washington

Dan Hannafious, Hood Canal Salmon Enhancement Group

Primary production in Hood Canal is dominated by the input and
transport of dissolved inorganic nitrogen (DIN) from several sources.
The residence time of DIN in Hood Canal as well as the dynamics
governing the movement of DIN needs to be further resolved, especially
regarding its impact on stimuloting hypoxia. At times, samples in Lynch
Cove at the landward end of Hood Canal hove shown higher levels

of nitrate than samples at Admiralty Inlet, the entrance to Hood Candl,
suggesting retention and recycling of nitrogen. Horizontal cross sections
of nutrients collected by PRISM and WA-DOE in the 1990’s and 2000's
will be discussed fo access this potential increase in DIN along the
canal. Nutrients at discrete depths as well as CTD profiles have been
collected at several stations from Admiralty Inlet to Lynch Cove on o
monthly basis by a volunteer project through HCSEG and HCDOP,
These data, spanning 2004-2007, will be used to map DIN temporally
and spatially in Hood Canal. Of interest is if a nutrient gradient is
observed with these data and how the gradient changes along Hood
Conal throughout the year ot discrete depths. The pycnocline depth
alang and across the channel will be used to discuss the movement of
marine nitrale through the canal.

The Interaction of Nitrate Geochemistry and Physical
Processes in Hood Canal, Washington

Anthony Poulson™, U.S. Geoclogical Survey, Washington Water Science
Center

Marfene Noble, USGS, Coastal and Marine Geology

Carof Kendall, USGS, Nafional Research Program

An understanding nitrogen cycling is essential to undersianding low
dissolved oxygen conditions in Hood Canal. An anomaly of high values
of 815N and 5180 of nitrate in the nitrate-depleted waters of shallow
sites in Lynch Cove, during September 2004 has been previously
reported. During the period that these discrete water column samples
were collected (September 21-23), a CTD mounted on a botom triped
at the entrance to lynch Cove documented a front of warm, salty water
entering Llynch Cove on September 22. Comparison of temperature-
salinity profiles from CTD casts with the sequence of the lemperature-
salinity data from the mounted CTD for the month prior ta the CTD casts
provides insight into the physical processes that affected the isotopic
signature of nilrate. The temperature-salinity CTD profiles indicate that
the water containing deplated nitrate concentrations and higher valves
of 815N and 8180 of nilrate entered Lynch Cove the previous month.
In contrasl, water containing higher nitrale concentrations and lower
values of 815N and 8180 of nitrate was either at the leading edge

or behind the front of salty, warmer water. Thus, the amount of time
water was resident in Lynch Cove likely was responsible for the altered
chemical signature of bottom water from shallow sites.

Quantifying Submarine Ground-Water Discharge and
Nutrient Loading into the Lynch Cove Areda of Hood Canal
William Simonds®, Peter Swarzenski, Chris Reich, Jason Greenwood,
Don Rosenberry, U.S. Geological Survey

Low dissolved oxygen concentrations in the woters of Hood Canal
threaten marine life in late summer and early autumn. Eutrophication in
the landward reaches of the canal has been linked to phytoplankton
growth, which is controlled by nutrients (primarily nitrogen) that enier
the canal from various sources. Although seawater entering the canal is
the largest source of nitrogen, ground-water discharge also contributes
significant quanfities particularly during summer months when increased
nutrient availability in the canal directly effects eutrophication. The
amount of nutrients entering Hood Canal from ground water is being
estimated using direct and indirect measurements of ground-water
discharge and analysis of nutrient concentrations. Ground-water
discharge to Hood Canal is variable in space and fime because of
local geology, the hydraulic gradient in the ground-woler system
adjacent to the shoreline, and a large fidal range of 3 to 5 meters.
Streaming resistivity surveys along the coostline of lynch Cove and
measurements of ground-water seepage and hydraulichead gradients
in the shallow near shore areas were used to characterize the spatial
variability of submarine ground-water discharge and identify areas of
enhanced ground-water discharge. In areas with confirmed ground-
water discharge, shore-perpendicular resistivity profiles, confinuous
electromagnelic seepage-meler measurements, and continuous radon
measuremenis were used lo choracterize temporal variations in
ground-water discharge over several tidal cycles. The results of these
investigations show that ground-water discharge into the Lynch Cave
area of Hood Canal is highly dynamic and strongly affected by the
large tidal range. In areas with a strong hydraulic gradient, ground-
waoler discharge is spatially concentrated in or near the intertidal zone
with increased discharge during low tide. Areas with a weak hydraulic
gradient have lower discharge rates and more spatial variability.
Although nutrient concentrations in ground water are small, the flux of
ground-water discharge may be large in some areas of the Hood Conal
coastling; therefore, understanding the relative load of nutrients entering
the canal from the ground-water pathway is potentially important.

The Fate of Onsite System Nitrogen Discharges in
Groundwater of the Hood Canal Basin

Julie Horowitz*, C. Andrew James, Bryan Atieh, Ali Kanda, Scott Miller,
Louren McGeogh, Matt Wiley, Mark Benjamin, Michael Breft, University
of Washington

The Hood Canal basin of Puget Sound has been severely affected

by low dissolved oxygen concentrations thought to be caused by
excess nitrogen loading. Low dissolved oxygen impairs water quality,
affecting the ecological and economic integrily of the region. Onsite
wastewater freaiment systems may be an important source of nitrogen
to Hood Canal. This study will attempt to quantify nilrogen loads

from onsite wastewater treatment system eHluent o determine the
relative importance of this source for the nutrient dynamics of Hood
Coanal, We modeled nitrogen leading to Hood Canol using rates and
coefficients obtained from the primary literoture and regional census
data. Individual distributions were compiled for seasonal population,
per capita water use, seplic system effluent nitrogen concentrations,
and zero order denitrification rates. These parameters were used

in @ Monte Carle framework to calculale a probabilistic distribution

of potential nitrogen loading to Hood Canal. Because convenlional
onsite wastewater freatment systems are not designed to remove
nitrogen from effluent, onsite nitrogen load reaching the canal is
primarily dependent on the amount of denifrification which occurs in
the groundwater flowpath between onsite systems and the Canal. We
are currently conducling in sitv measurements of nitrogen loss rates in
septic leachfields of near shore and upland homes to determine region
specific denilrification rates. This information will be applied as o part of
a greater assessment of nutrient dynamics in the Hood Canal system.

Panel 10B; Where is Your Plan for the Sound?
Chair: Jacques R. White



We have plans for iiie Puget Sound region that guide everything from
commercial, housing and transportation development, protection of
water quality, flows and biodiversity, to the recovery of critical habitars
and species at risk. Unfortunately, we lack effective coordination among
these various planning efforts to jointly identify the greatest existing
stresses and future threats to public well being and our environment.
Given the increasing focus on Puget Sound recovery, this panel

will focus on how these different planning processes could scale,
incorporate, and implement polentially conflicting goals and outcomes
consistent with emerging attitudes and mandates.

Panel Members:

e lim Kramer, Executive Director, Shared Strategy for Puget Sound

* Ron Shultz, Director of Programs, Puget Sound Action Team

* Norman Abbott, Director of Growth Management Planning, Puget
Sound Regional Council

¢ Curtis Tanner, Project Manager, Puget Sound Nearshore
Partnership

« Molly Ingrahom, Associote Director of Conservation Planning, The
Nature Conservancy

« John Floberg, Vice President Stewardship, Cascade Land
Conservancy )

;unel 10C: Sea Flo;r Mcpp;l;und Habitat

Delineation
Chair: Wayne A. Palssan

New technology provides the ability to map undersea habitats with
high precision. This session will feature papers focused on the results
of multibeam sonar, side-scan sonar, and other techniques to map the
sec floor in nearshore and deep enviornments. Studies that make use
of these maps to identify and survey sub-lidal habitats will demonstrate
the usefulness of high resolution maps that improve population surveys,
identify habilat types, and improve habitat management.

Panel Members:
* Kim Conway, Geologicol Survey of Canado
s leff Morliave, Vancouver Aquarium
* Gary Greene, Moss Landing Marine Laboralories
* Robert Pacunski, Washington State Department of Fish and
Wildlife

Seafloor and Habitat Mapping in the Georgia Basin,
British Columbia

K. W. Conway, J. V. Barrie, K. Picard, Geological Survey of Canado,
Sidney, B.C., Canada

H. G. Greene, Moss Landing Marine Laboratory, Moss Landing, CA,
USA

The seabed of the Georgia Basin has been surveyed using swath
multibeam bathymetry by the Canadian Hydrographic Service
working in concert with the Geological Survey of Canada and Moss
landing Marine Laboratories. Geological mapping of the Strait of
Georgia is being undertaken and delineation of geological units is
well advanced. The mapped geologic units reflect 1} diverse rock
types and geomorphology related to tectonic processes 2} subsequent
glacial cycles during which extensive drumlinaid banks were created
3) terrestrial sedimentation derived mainly from the Fraser River 4)
reworking of surficial sediments by oceanographic processes. In the
sauthern strait the characler of benthic habitats is controlled by the
distribution of blanketing Fraser River sediments in deeper waters.
Where the coarse glacial substrates and bedrock ore mantled by
recent muds, aftached organisms requiring hard substrctes are sparse
or absent. Strong lidal exchange results in soried mobile sediments in
several areas such as Boundary Poss {Canada/US border). Mapping
has identified several spange reefs which represent unique habitats.
Selected areas, such as the Internalional Boundary arec between the
Canadien Gulf and U.S. San Juan Islands have been mapped in detail

and thematic maps of seafloor geohazards and habitat are under
developmenl.

Predicting Optimal Rockfish Habitat: Comparison of Micro-
and Macro-Scale Modeling Approaches.

Jeff Marliave, Vancouver Aquarivm

Wendell Challenger, Simon Fraser University, Statistics & Actuariol
Sciences

Deonna Gibbs, Yancouver Aquarium

Any management decision is dependent on the quality of information
that is available during the decision making process. Increasingly,
managers are using the results of madeling projects to formally evaluate
and select between competing management sirategies. In 2004,
Rockfish Conservation Areas [RCAs) in British Columbia were based
partly on a modeling project that incarperated historical catch data and
bathymetry information to predict optimal areas for designations. The
macro-scale modeling approach has however generated some concerns
over its degree of accuracy. These concerns stem from the observation
that rockfish often have very specific, smallscale habitat requirements.

If this is true, then designated areas may be missing local hatspais

with prime habitat. To address these concerns we autiine a different
approach whereby we developed a micro-scale habitat model to pradict
the probability of occupancy based an direct ecological characteristics
believed to be important to rockfish hebitat selection. A series of
randomly selected dive sites inside versus outside the RCA prediction
model were monitored in 69 dives in 2004. We are using the site-
occupancy model to predict the overall habitat suitability between the
randemly chosen locations within designated RCAs and outside, but
adjacent o, the surrcunding model prediction area.

Marine Benthic Habitat Mapping in the Inland Sea of

the San Juan Islands: An International Interdisciplinary
Research Program

H. Gary Greene, Center far Habitat Studies, Moss Londing Marine Labs
J. Vaughn Barrie, Canadian Geological Survey

Bryan Dieter, Charlie Endris, Center for Habitat Studies, Moss Landing
Marine Labs

Don Gundersan, University of Washington, School of Aquatic end
Fisheries Sciences

Holly Lopez, Center for Habitat Studies, Moss Londing Marine Labs
Ron McDowell, Qreas Island

Palsson Wayne, Robert Pacunski, Washington Department of Fish and
Wildlife ,

For the past five years highesolution multibeam bathymetry and
backscatter data have been collected in the inland sea of the San fuen
Islonds and the southern Strait of Georgio area as part of a Center for
Habitat Studies {Moss Landing Marine Laboratories) and Geclogical
Survey of Canada {Natural Resources Canadu) effort to choracterize
potential marine benthic habitats. Emphasis was placed on rockfish
{Sebastes spp.) habitots because of the declining cbundonces of

these fishes. The deep fierd channels and straits were imaged using a
Simred 1002, 95 kHz system, whereas the shallow water areas were
imaged using Simrad 3002 300 kHz system. Geological structures,
including faults {some active] and folds, glaciated bedrock, and
extensive sediment waves and dune fields were imaged. Geological
interpretations of these images suggest that active tectonics has shaped
the seafloor and islands into steep wolls and dliffs that hove since been
modified by glaciation. In addition, strorg tidal currents have winnowed
mast of the glacially deposited sediments into coarse-grained lag
pavements and bolder/cobble/pebble fields. The past and present
active physical processes are what created the desirable bottom fish
habitats, such os steep, near vertical rock walls, stacked boulders {e.g.,
moraines and rockfalls), which hove the potential of providing habitot
for juvenile and adult rockfish, and sandwaves that shelter sand lances
and other organisms, and may provide foraging habitat for bottom
fish. This newly found information is now being used to evaluate the
effectiveness of MPAs in the San Juan Islands.
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Results of a Habitat-based Survey of San Juan Channel
Bottomfish Using a Small Remotely-Operated Vehicle
(ROV]

Robert Pocunski, Wayne Paisson, Washington State Department of Fish
ond Wildlife

Don Gunderson, University of Washington School of Aquatic ond Fishery
Science

Gary Greene, Charles Endris, Moss Landing Marine Labs

A small ROV was used to survey marine habitats in San Juan Channel
[SJC} to examine differences in habitat use by benthic marine fishes and
imprave existing habitat maps of the region. High-reselution multibeam
sonar data and coarse-scale camera dato were combined to develop a
mesoscale [1-10 km resolution) habitat map that served as the sampling
frame.

We accomplished 58 transects to depths of 145 m covering an
estimated area of 38,167 m2. Rockfishes, lingcod, and kelp greenling
were highly associated with rocky, complex habitats, while juvenile
gadids occurred almosl! exclusively on flat sand, mud, and coarse
substrates. Trawl, SCUBA, and drop-camera surveys have traditionally
been used to assess bottemfish populations on benthic habitats in SIC,
but each has been limited in their coverage of habitats because of
depth, time, and substrate type. The use of a small ROV provides one
tool that overcomes these limitations and can be used to characterize
fish communities at all depths and bottom types and to provide
quantitative estimates of abundance and distribution.

Session 10D: Invasive Species Il - Management,

Risk Evaluation and Prediction Tools
Chair: Kevin Anderscn, PSAT

Aquatic Invasive Species in the Strait of Georgia, British

Columbia, Canada

Thomas Therriault, Fisheries and Oceans Canada
Glen Jamieson™, DFQ

Clavdio DiBacco, UBC

Colin Levings, DFO

Aguatic Invasive Species (AlS) by definition are not native to the
ecosystem in which they are found and pose a threat to nafive
biodiversity and economic wellbeing of ecosystems across Canada,
including the Sirait of Georgia [SoG). The SoG is susceptible to

AlS due to relatively warm summer surfoce waters and lower salinity
areas that create unique habitats that could enhance invasion success
potentially parolleling other highly invaded systems such as San
Francisco Bay. |n addition a wide variety of AlS vectors are available to
transport AlS into the SoG including commercial shipping, recreational
boating end aquaculiure, each of which has transported nen-indigenous
species to the area in the past. To better understand AIS and their
impact in marine ecosystems Canodo has lwo new major programs:

1] the Canadian Aquatic Invasive Species Network (CAISN); 2) the
Canadian Department of Fisheries & Oceans {DFO) AIS program. The
CASIN pragram aims to befter understand AlS vectors and pathways
and factors affecting AlS establishment while the DFO program is
focused on Risk Assassment, Monitoring, Research and Rapid Response.
An averview of each of these major programs will be provided and
preliminary findings discussed. Links to similar activities in the USA will
be highlighted on this ransboundary issue.

Invasive Tunicates in the Strait of Georgia, British Columbia
Cathryn Clarke, Glen Jamieson, Thomas Therriault, Fisheries & Oceans
Canada

Heidi Gartner*, University of Victorio; Fisheries & Oceans Canada

The economic impacts of invasive tunicate species can be severs,
particularly on suspended shellfish and aquaculture equipment. These
invasive species have modified benthic habitats for a variety of bottom-
dwelling species and are smothering both wild and cultured sessile

invertebrates. Four species of tunicates have recently been recognised
as nonindigenous specias in British Columbia: the solitary tunicate
Styela clave (club tunicate) and the colonial tunicates Botrylloides
violaceus {violet lunicate), Botryllus schlosseri (golden star tunicate),
and Didemnum sp. A monitoring project lo document the distribution
of nonindigenous tunicates was begun in spring 2006. Two types

of setflement plates were deployed at nine locations throughout the
Strait of Georgia and the presence and density of native and non-
native species was recorded. At leost three species of potentially
invasive tunicates were identified on the collectors. Their presence
and abundance is much more extensive then previously thought for
the region. Preliminary results of the investigations info the spatial
distribution and populatien dynamics of nonindigenous tunicates within
BC waters are presented.

Risk evaluation of invasive species transport across the
U.S. - Canada border in Washington State

Lauro Sellens™, Amy Jewell, April Markiewicz, Wayne Landis, Western
Washington University

Impacis of non-indigenous invasive species (NIS) are a multi-million
dollar cost to society every year. Incongruities exist between the
Canadian and American policies that regulate the introduction and
control of invasive species. Policies may ineffectively overlap across
terrestrial, freshwater, and marine jurisdictions. NIS are easily
overlooked at border crossings due lo the small size of propogules and
because immigralion, customs, and security concerns take precedence.
We used the Relative Risk Model to conduct a landscape scale risk
assessment of human mediated transport of invasive species across the
Woashington State-British Columbia border. This project investigated
terrestrial, freshweler and marine transport pathways of invasive plants
and animal species to the major habitat types in Washington. Risks of
impacts by NIS were calculated for endpoints of economic, cultural,
and ecological importance. Quantitative analyses were performed
spatiolly in a geographic information system (GIS). Uncertainty and
sensitivity analyses were performed using Monte Carlo Simulation
software. The results of this assessment will be used to inform policy
makers and managers on both sides of the border of the most important
transboundary transport pathways for NIS, as well as majer data gaps
and sources of uncertainty.

European Green Crabs (Carcinus Maenas) in the
Northeastern Pacific: Using Genetic Tools to Assess the
Introduction and Regianal Expansion of an Invasive
Species

Johkn Darling®, U.S. Environmental Protection Agency

Carolyn Tepolt, Independent contractor to the US Environmental
Protection Agency

Michael Blum, Mark Bagley, US Environmentol Protection Agency
The European green crab Carcinus maenas is o widely successhul
invasive species, with established introduced populations on all
confinents outside of its nalive range except Antarclica. C. maenas
was introduced to San Francisco Bay in the late 1980's, and has since
spread rapidly northward as far as Vancouver Island. This expansion
oppears lo have been mediated by current-driven larval dispersal
facilitated by periodic increases in ocean temperature and nearshore
currents associated with El NiQo events. Here we report on the
development and utilization of genetic tools for analyzing the spread
of C. maenas in the eastern Pacific. First, we describe the results of
population genetic analysis bosed on highly variable microsatellite
markers. This analysis further supports the hypothesis that C. maenas
has spread by lorval dispersal from a single infroduced population in
San Francisco. Our genetic data show no evidence of multiple crypfic
introductions to the Narth American Pacific coast, and are consistent
with significant ongoing gene flow between established populations.
We also describe the development of a DNA-based assay for the



specific and highly sensitive detection of C. maenas larvae in mixed
plankton samples. Given the importance of larval dispersal and the
possibility of additional infroductions via ballast water transport, this
assay should prove a powerful monitoring too! for researchers and
managers concerned with the introduction and spread of this species.

Predicting the Potential Distribution of the Invasive Tunicate
Didemnum Sp on the Canadian West Coast.

Leif- Matthias Herborg *, Tom Therriault, Glen Jamieson, Fisheries and
Oceans Canada

Predicting the potential disiribution of invasive species allows a focused
and efficient management approach. The invasive tunicate Didemnum
sp has potential negative ecological and economical impacts. Recent
surveys have shown its presence in several locations within the Sirait

of Georgia, Puget Sound and the west coast of Vancouver Island. We
applied ecological niche modelling based on its current distribution

to predict suitable habitat along the Canadian West Coast. The
distribution of suitable habitat was then combined with estimates of
human aided transport vectors related 1o recrealional boatfing and
aquaculture lo idenfify areas at the highest risk of invasion. Predictions
based on seasonal ocean temperature, salinity and oxygen conlent
forecast svilable habitat as far north as the Queen Chorlokte Islands.
Aguaculture focilities provided a strong transport vector for Vancouver
Island and surrounding waters, whereas recreational beating could
spread Didemnum sp additionally to locations along Hecate Strail. The
combination of ecological niche modelling with estimates of human
gided transporl provide an imporiant tool for future management of this
invasive species.

Ballast Water and Aquatic Invasive Species: An Analysis of
Propagule Pressure on the Atlantic and Canadian Coasts
Veronica Lo ®, University of British Columbia

Colin Levings, Department of Fisheries and Oceans Canada {Pacific
region)

Nathalie Simard, Department of Fisheries and Oceans Canada (Quebec
region)

Kai Chan, University of British Columbia

The infroduction of aquatic invasive species [AlS) to ecosystems can
cause widespread and irreversible damoge to ecosystems. One of

the principle mechanisms for the transport of AlS is through the uptake
and release of ballast waters, which olso carries suspended sediments
harbouring AlS. Approximately 3 to 5 billion tons of ballast water

are transferred omong internclional woters annually. Unfortunately,
there ore few studies that delermine the extent to which propagule
pressure—the frequency of introduction events and the abundance of
AlS within each evenl—affects the successtul establishment of invasive
species. This knowledge gap will be addressed by developing a
geographical database using shipping patterns and essociated ballast
water data as a surrogate for potential propagule pressure, and will
additionally be used to analyze the impact of propagule pressure on
the temporal dynamics of invasive species {fime to establishment and

to ‘superabundonce’). The shipping pattern analysis is an important
initial step in a nation-wide research project, the Canadian Aquatic
invasive Species Network [CAISN) {http://www.uwindsor.ca/CAISN),
which represents a collaboration between scientists in universities and

5 federal laboratories, the shipping and aquaculture industries, and
non-government organizations. The results will cllow the Network to
determine appropriate ports to sample for realized propagule pressure.
This research is supported through funding to CAISN from NSERC, DFO
and other sponsors listed at: www.uwindsor.co/CAISN.
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Session 10E: Sediment Quality and Ne\;f C_leqnup

Site Evaluation Methods
Chair: Maggie Dutch

Coastal Conditions in Washington State: Estuaries,
Intertidal, and Offshore

Valerie Partridge™, Washington State Department of Ecology

The Coaostal Component of the West Coast Environmental Monitoring
and Assessment Program (EMAP) is a parinership of the U.5. EPA,
NOAA, and the slates of Califarnia, Oregon, and Washingten to
measure the condition of the estuarine and offshore waters of these
three states. Coastal EMAP is an integrated, comprehensive monitoring
program using spaliclly-balanced probabilistic designs and common
sets of survey indicators for all states. Because of the compatible
designs, coastal conditions can be described and compared at
several levels of scale. From 1999 through 2003, the coastal waters
of Washington were sampled according fo sirafified random designs
for small outercoast estuaries {1999), the greater Puget Sound area
{2000}, estuarine intertidal areas {2002}, and the continenta! shelf
{2003). In 2004, the cuter<oast estuaries and Puget Sound were
sampled again as part of EPA’s EMAP Nalional Coastal Assessment, to
examine temporal trends. Data were collected for o suite of indicotors
of biofic condition {infaunal communities, fishtissue contaminants),
abiolic/pollutant exposure {sediment quality), and general habitat
condition {water quality, sediments). This presentalion gives the first
comprehensive lock ot the condition of Washington’s coastal areas,
estuarine and offshore, in the pericd 1999-2003 and a comparison of
the estuarine areas from 1999-2000 to 2004.

Historical Record of Trace Metals in Sediment and Natural
Recovery in the Main Basin of Puget Sound

Jill Brandenberger*, Eric Crecelius, Bottelle Pacific Northwest National
Laboratory

This study compares frace metal profiles and sedimentation rates from
sediment cores collected at the same locations in Puget Sound in 2005,
1991, and 1982 to eslimate the rale of surface sediment recovery for
select metals and determine the rate of burial of the historical peak

in contaminants. In the 1982 core, the depths of maximum lead
contamination were 21-34cm, in 1991 the depths were 43-4%cm,

ond in 2005 the depths were 58-60cm. This indicates that cleaner
sediments are burying historically contaminated sediments at a rale

of approximately 1cm/yr, which is consistent with the sedimentalion
rate estimoted using lead-210 dafing techniques. The three studies
provide empirical evidence that environmental regulations targefing
trace metals have had o positive impact on the water quality in Puget
Sound. Point-source conlrols enacled since the 1970s resulted in o
significant reduction in the anthropogenic enrichment of lead, copper,
zinc, and arsenic. However, the rate at which lead, copper, and zinc
are approaching pre-industrial conditions has decreased since the late
1980s. This suggests that poinksource controls significantly reduced the
metal load entering the main basin of Puget Sound, but diffuse sources
may impede the continued progress of recovery for some melals [i.e.
lead, copper, ond zinc).
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Can Sediment Profile Imaging Surveys Streamline Cleanup
Site Investigations?

Tom Gries*, Dale Norton, Pete Adclphsan, Brad Helland, Washington
Department of Ecology

Joe Germano, Dave Browning, Germano and Associates, Inc,
Sediment Profile Imaging [SPI) has been used in the Puget Sound fo o)
identify disposal sites for clean dredged material, b) confirm accurate
placement of dredged material, ¢} evaluate dredged material impacts
on benthic communities at disposal sites, and d) evaluate sediment
quality and benthic communities at contaminated sediment cleanup
sites. Cleanup site studies, however, have been designed to map areas
impactad by contaminants/wood waste or assess benthic community
recovery ahter remedial actions. During the summer of 2006, the State
of Washington began one of the first investigations of whether or

not preliminary SPl survey resulls might reduce the need to measure
common indicators of sediment quality al cleanup sites.

Two sediment cleanup sites were chosen for an exploratery
investigation: the Lower Duwamish Waterway (LDW] and Port Gamble.
Sampling was conducted during July and August, 2006. A nonrandom,
stratified design wos developed to maximize utility of the limited data
to be collected. SPI surveys included more than 80 slations in the LDW
and over 30 stations in Port Gamble. Based on interim SPI results,
sediment conventionals and in situ benthic community characteristics
were measured at 50 of these stations. Contaminant chemistry and
laboratory toxicity were also measured in 30 LDW samples. This
presentation will describe results of analysis of relationships between
SPI data and conventionals, contaminant chemistry, texicity and benthic
community data.

Evaluation of Post-Dredge Monitoring Results to Assess Net
Risk Reduction of Different Sediment Cleanup Options
Jeffrey Stern*, King County, Deptartment of Natural Resources and
Parks, Woter and Land Resources

Clay Patmont, Dan Hennessy, Anchor Environmental, LLC.

A survey of recent sediment cleanup projects, including the Diagonal/
Duwamish (Washington) sediment cleanup project completed in
2004, demonstrales that post-dredge sediment residuals are present
within and immediately beyond the dredge prism. The dredging-
related releases of contaminants into the water column, along with
releases from permanently bedded residuals can temporarily increase
bioaccumulation of contaminants during and following dredging and
follow-on capping actions. We examine the Diagonal/Duwamish
project where concurrent sediment, water, and fissue data were
collected to support detailed evaluations of contaminant exposure
resulting from the cleanup project. Bounding assessments were used to
identify the characteristics of dredging and capping-relaled contaminant
exposure, and fo evaluate what data may be needed to improve

our understanding of contaminant exposure from sediment, water

and tissue media as a result of implementation of different sediment
cleanup technologies. The results from this case study are also used to
demonsirate how predictive modeling con be used o assess shortterm
risk implications that can result from releases during proposed cleanup
aclions. This informatian can inform evaluations of risk reduclion
provided by different sediment cleanup alternatives and provide an
assassment of net risk reduction consistent with current EPA guidance.

Session 10F: Environmental Education: Citizen

Science
Chair: Greg Ambrozic

Free Fish and Invertebrate ID Classes Gets SCUBA Divers
Involved in Marine Conservation

Jonna Nichols*, Anne Stoltz, Shaun Lane, Joseph Gaydos, SeaDoc
Society, UC Davis Wildlife Health Center

In the Georgia Basin Puget Sound, recreational SCUBA divers can

help monitor marine fish and inverlebrate populations by entering dive
sighfings inlo a national database {www.reef org). Participation is a
vehicle for citizen stewardship of sub-tidal resources that are not visible
to the public at large, ond data collected on species distribution and
species abundance can help biclogists working to recover species

in decline or identify invasive species. Previous work suggested that
offering free fish and invertebrale idenfification classes was the best way
ta increase diver participation. After training 261 cilizens to idantify a
suite of common fish and invertebrates, participants were queried to see
how many dive surveys they had conducted and to see if they felt that
training had increased their capacity lor marine conservation, The 241
people trained were queried and 11% [n=29) completed an ondine
follow-up survey. On average, each parficipant reported conducting

six roving dive surveys since taking the class. Assuming respondents are
representative of the group at large class partficipants have collectively
olready completed 1,611 surveys since tolking the course. Additionaily
97% of respondents felt the course increased their appreciotion for
marine creatures and conservation, while 55% responded that the

class inspired them to increase their marine conservation efforts in ways
additional to conducting reving dive surveys. Judging the merit of marine
conservation education efforts can be difficult; however, it appears that
cffering free fish and invertebrate identificotion classes increases diver
porticipation in collecling helpful data and increases their copacity for
other morine conservation activilies. '

HCDOP Diver Observation Progrom: Volunteer Diver
Observations Are Used to Monitor the Depth Distribution
of Fish in Relation to Low Dissolved Oxygen Conditions
Teresa Sjostrom™, Dan Hannafious, Hood Canal Salmon Enhancement
Group

Janna Nichols, Mike Racine, Washington SCUBA Allionce

Hood Canal is a long, deep, narrow fjord which lies west of the
greater Puget Sound basin in western Washington. This unique marine
waterbody has physical characteristics and processes which make the
southern pertians especially prone to annual low dissolved oxygen
(DO] conditions. The marine biota have shown considerable behavioral
and distribution responses to changes in the low DO concentrations.

To better understand how marine life in Hood Canal responds to
changes in DO, a volunteer Diver Observation Program has been
developed as part of o larger Hood Canal Dissolved Oxygen Program
science plan.

Recreational and volunteer diver observations are being used to
examine biota nearshore movements over time and investigate how
trends in abundance and depth distributions may corraspond with DO
cancentrations.

During the 2006 low DO period and resultant fish kill event, reports
from volunleer divers provided insight to the behavior and condifion

of many fish and invertebrate species. Observational dota reflected

the progression of the fish kill event by recording the shifts in depth
distributions and spatial abundance of the fish populations.

The Diver Qbservalion Program provides a mechanism for divers to
share their observations and conlribute to the larger efforl to understand
the couses and effects of low DO periods in Hood Conal.



Citizen Science Monitoring at Nisqually Reach Nature
Center (NRNC)

Daniel Hull*, Nisqualy Reach Nature Center

Since June 2003 NRNC implemented a highly successful Citizen
Science platform that provides people a way to learn, be involved
with, and take ownership of the important process of environmental
monitoring, data management and reporting on issues that affect
their local environment. Our platform includes; near shore monitoring
through fish seining and inveriebrate quadrate sampling, bird monitoring
in conjunction with estuarine restoration, estuarine phytoplankton
diversity and abundance, invertebrate menitoring on estuarine
restoration by neuston, benthic core, and fallout sampling.

It is our intention to share our management and methodology behind
our programs with others to encourage the successful use of citizen
science in the future.

Seabirds, Citizens, and Conservation: The Coastal
Observation and Seabird Survey Team

Julio K Parrish, Kate Litle™, Jane Dolliver, University of Washington

The US Commission on Ocean Policy and the Pew Oceans Commission
have called for high quality, accessible information, increcsed ocean
education, and an increased slewardship ethic amang citizens. With
effective design, implementation, and meintenance, citizen science
programs can answer both of these callsécollecting high quality data
while educating and informing citizens.

The Coastal Observation and Seabird Survey Team [COASST)isa
citizen science project of the University of Washington in pormership
with local community and environmental organizations, and state and
federal agencies. More than 400 COASST volunieers survey more than
150 beaches monthly in Washington, Oregon, Alaska, and northern
California using beached birds as environmental indicators. In an
average year, volunteers discover and tag more than 2000 carcasses of
nearly 40 species. We have designed an integrated training and dala
verification program that allows us to track volunteer accuracy, which is
at nearly 90% every year.

What do beached birds tell us2 Data collected by COASST volunteers
creates the boseline, or “normal,” pattern of beached bird deposition
which allows for the detection of change from natural and human-
induced causes. So far, COASST data have shown consistent annual
patterns of post-breeding mortality and migrant winterkill which
represent 50-75% af annual deposition, and alerted the scientific and
manogement community to deviations from the normal pattern, such s
the spring die-off of Brandt’s Cormorants and Common Murres in 2005
during which Brandt's Cormorants were being found af rates more
than four fimes normal. In COASST, citizens cre collecting high-quality
dota that can directly inform natural resource management decisians,
while becoming more informed and active stewards of their coastal
environment.

Restoration Resource: An On-Line Restoration and
Monitoring Database for Volunteers
Jomes Selleck®, lil, Eliza Ghitis, People For Puget Sound

Habitat restoration projects require a solid foundation of the most
current scientific knowledge for the greatest chance at success. There
is often a barrier in public access 1o the bestavailable practices from
professional and experimental restoration projects. People For Puget
Sound is establishing an endine resource database of habitat restoration
and monitoring literature for volunteers and other practitioners. This
unrestricted websile is designed to target a brood range of individuals
with scientific and non-scientific backgrounds. The primary audience
is the Sound Stewardship progrom, which utilizes community-based
participation lo design, implement, and maintain restoralion sites in
Puget Sound nearshore habitals. General topic categories will include
landscape structures, environmental processes, the flora and fauna

of nearshore environments, project design, and success monitoring.

initially, the database will contain 100-150 articles available for

public use, from sources including state and federal agencies, non-
profit organizalions, and peer-reviewed literature where available.

The site will be maintained, updated, and amended with the most
current resources, including links 1o outside sources. We will include
opportunities for users to provide feedback and submit relevant new
material. The current timeline has the fully functional database available
through the People For Puget Sound website by the spring of 2007,

Special Panel: First Nations / Tribal Panel
Panel Members:
¢+ Sto:lo Nation, Sonny McHalsie, Environmental Protection of the
Sto:lo Nation
* Skagit River Cooperative System, Steve Hinton, Collabortive
Environmenta! Projects
* Homalco Nation, Chief Darren Blaney, Fish Farm: Effects an the
Ecosystem
* Tulalip Tribes, Terry Williams, Climate Change in the Salish Sea
Eco Region
+ Squamish Nation, Randail Lewis, Squamish Environmental
Parnership FProjects
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Session 11A: Hood C;iTwl and D_O: Biotic

Response To Low DO
Chair: Ducne Fagergren

Relationships between Benthic Invertebrates, Sediment
Quality, and Dissolved Oxygen Levels in Hood Canal, WA
Margaret Dutch®, Sandra Aasen, Edward Long, Kathy Welch, Valerie
Partridge, Washington State Department of Ecology

Relationships between sediment-dwelling invertebrates, sediment
quality, and dissolved oxygen levels in Hood Canal were examined by
Ecology's Puget Sound Assessment and Monitoring Program Sediment
Monitoring Team fo assess the effects of low dissclved oxygen on
benthos in Hood Canal as part of the Hood Canal Dissoived Oxygen
Program. Examination of data collected from 1932 through 2005
revealed a number of patterns, Chemical contaminalion and toxicity
were generally low in Hood Canal, and usually confined to Port Ludlow,
Port Gamble, and Dabob Bay. Unique infaunal assemblages were
distinguished for nine subregicns of the canal, based on benthic index,
groin size, organic carbon, and depth values. Infaunal abundance,
diversity, and deminance values decreased from north to south along
the canal’s main axis and in the deepest stafions, as levels of near-
bottom dissolved oxygen decreased and sediments increased in
sillclay and organic carbon content. Noticeable changes in benthic
assemblage structure were apparent when DO levels were at or below
6 and then 1 mg/L. Multivariate anclyses of these data, conducted by
task partner David Shull, WWU, further explores these relationships.
Identification of data gaps, development of inilial critical values/
thresholds, and recommendations for future work on this topic will be
presented.

Reconstructing the Historical Response of Benthic
Communities to Hypoxia in Hood Canal, WA

David Shull*, Western Washington University

Because benthic infauna are relatively immobile and sensitive to
concentrations of bottom-water dissolved oxygen, benthic community
structure is considered o useful indicator of ecalogical response to
hypoxia. The WA Department of Ecology has been monitoring benthic
communities in Hood Canal, WA since 1989, but measurements of
bottom-water oxygen concentration at benthic sampling locations have
only been collected since 2004. How can one reconstruct historical
changes in benthic community structure in Hood Canal due 1o changes
in bottom-water oxygen when appropriate data on bottom-water
oxygen are not available over the time period of interest? This problem
was addressed by application of canonical analysis to data on spatial
potterns of dissolved oxygen and benthic community structure. The
canonical relationships between benthic community structure, dissolved
oxygen, and other environmental varigbles were then applied to the
longer+term data set for which appropriate data on dissolved oxygen
were not available. The analysis indicates little variation in community
structure afiributable to changes in dissclved oxygen in northern Hood
Canal, but histerical changes in benthic communities in southern Hood
Canal are consistent with reduced levels of bottom-water oxygen.

Population-Level Impacts of Low Dissolved Oxygen on
Hood Canal Demersal and Benthic Biota

Tim Essington ™, University of Washington

Wayne Palsson, Washington Department of Fish and Wildlife

We used long term data on fishes, macroinvertebrates and
microinvertebrates collected throughout Hood Canal to determine
the species-specific responses of recent hypoxic events on population
abundances. These data span the entire spatial range of Hood
Conal, including the northern areas that have not been subject fo
recent hypoxic events. We used generalized linear models to test for

significant effects of location, time, and a time x locolicn interaction
term on species biomass and / or abundances while accounting for
other environmental covariates. We found some evidence for changes
in papulation biomass by space or fime but there wos no consistent
trend of increasing or decreasing biomass by region or time amang
species. Further, there was neo evidence for a time x region interaction
(the strongest possible indication of an effect of hypoxia). However,
statistical power to defect a significant effect was low; on average, there
was only a 18 % chance of detecling a 50% reduction in population
biomass in the southern regions of Hood Canal. These analyses indicate
highly species-specific population-level impacts of hypoxia and that
more intensive monitoring is needed to reach scientifically-defensible
conculsions regarding the impacts hypoxic events on Hood Canal
biological populations.

Acoustic Assessment of Biotic Response to Hypoxia in
Hood Canal

Sandre Parker Stetter®, John Horne, University of Washington, School of
Aquatic and Fishery Sciences

Hypoxic conditions can influence the horizental or verlical distributions
of pelagic organisms. In Hood Canal (Washington), low oxygen

has resulted in fish kills during late summer. Qur study examined
whether the distribution of bicta (fish and large invertebrates) reflected
decreasing oxygen levels or localized hypoxic zones. Acoustics (38
and 120 kHz] were used to quantify the water column distribution of
biota along transects between the Duckabush River and Lynch Cove.
We surveyed Hood Canal during both day and night before {July),
during [September), and after {December) a hypoxic event in 2006.
Pelagic biota vertically avoided low oxygen zones during September.
However, dissclved oxygen concentrations alone did not explain
vertical differences omong luly, September, and December. Patterns
in horizontal distribution also differed between sampling periods, with
larger potches and schools detected during July than either September
or December. Results suggest that overall biomass reductions observed
between July and September were primarily due to changes in fish
biomass, possibly due to mortality or emigration from Hood Canal.
Vertical and horizontal movement due to hypoxia may reduce pelagic
species population fitness, and could serve as an indicator of stressful
offshore oxygen conditions.

A History of Severe Hypoxia on the Quter Coasts of
Oregon and Washington

Brian Granthom™, Washington State Depariment of Ecology

Hypoxia in coastal waters is increasing in frequency throughout the
world. Hypoxia occurs when high nutrient availability and strong
stratification stimulate phytoplankton growth in near-surface waters and
increase the flux of organic material to the bottom. Oxygen is consumed
as this material decomposes and in the absence of mixing bottom waters
become oxygen depleted. Hypoxia typically develops in enclosed or
semi-enclosed seas, or on open coasts with low mixing and large inputs
of nutrientladen runoff. However, it also occurs in some coastal systems
where the nutrients fueling phytoplenkton growth come from seasonal
upwelling, rather than terrestrial runoff.

In contrast to most upwalling ecosystems, coastal waters within the
California Current system have not historically experienced severe
hypoxia. However, in July, 2002 severe hypoxia and an extensive die-
off of fish and invertebrates occurred in shallow waters off the central
Oregon coast. Hypoxic conditions have recurred each year since then
and in summer 20086, particularly severe hypoxia extended up the
coast from Oregon into Washington, where it caused mass mortality of
fish and crabs. This talk will review the history of hypoxia on the WA
and OR coasts ond discuss the possible causes and implications of this
recent phenomenon.



History of Hypoxia Recorded in Sediments of Hood Canal,
Puget Sound

Eric Crecelius*, Battelle Pacific Northwest National Laboratory

Jill Brandenberger, Battelle Marine Sci. Lob

Patrick Louchouarn, Texas A&M University

Sherri Cooper, Bryn Athen College

Estella Leopold, Liv Gengwu, University of Washington

Kristin McDougall, US Geological Survey

Hood Canal, a fjord in Puget Sound, has experienced several hypoxic
events in the last few years that resulied in fish kills. Sediment cores
were collected and age dated for the purpose of reconstructing the
history of hypoxia, from pre-Euro American setlement to the present
using a multitracer approach based on the comparalive analysis of
concomilant markers of redox-sensilive and stable metals; elemental,
isotopic, and biomarker signatures of organic matter; and the
accumulation of microfossils. The markers recorded in three sediment
cores show historical fluctuations in sedimentary redox conditions and
inputs of organic matter (OM; marine vs. terrigenous). The relationship
between them suggests that the more labile marine OM supports higher
respiration rates in deep basins. Additionally, the redox indicators in
sediments deposited prior to Euro American seftiement, show that deep-
waler oxygen levels have historically been lower in these basins than
they have been for the most part of the 20th Century. There appears to
hove been approximately five hypoxic events during the last 500 years
that were more severe than hypoxic events during the last 50 ysars.
Based on these historical trends, the increase in marine OM recorded
in the last decade suggests that conditions conducive to low oxygen
levels are now returning to the Canal. There appears to be a good
correlation between the timing of the hypoxic events in the Canal and
the interdecadal climate signal in the Pacific.

Session 11B: Marine Birds and Waterfowl |
Chair: Dove Nysewander

Field-Feeding Behaviour of Wintering Waterfowl| on the
Fraser River Delta
Kim Houghton™, Ducks Unlimited Canada

Located on the Pacific Flyway, the Fraser River Delta {FRD] contains
one of the largest estuaries on the north Pacific Coast. Approximalely
one million migrafing and wintering waterfowl use the FRD on a

yearly basis. Upland agricultural crops provide important foraging
habitat for dabbling and grazing waterfow!, however, urban sprawl,
increased human disturbance and changing land-use policies continue
to reduce the amount of waterfowl habitat. Ta better understand
habitat preference of wintering waterfowl on agricultural lands,
feeding behaviour and grubbing depths were examined using the
Altmann scan sempling iechnique on three commoen crop types: potato,
perennial grass and corn. Observations were conducted on a weekly
basis from October 2005 through April 200¢. Foraging behaviour
was categorized cs skimming, pecking, grubbing and nonforaging
behaviour as resting, preening and locomotion. Results showed five
species of waterfowl feeding on upland agricultural crops with mast
time spent on potaio fields. However, each species displayed different
behaviour while present on this crop type. American Wigeon (Anas
americana) and Mallards (Anas platyrhynchos) were the only species
found grubbing but they did so at varying depths. Green-winged Teal
{Anas crecca) and Northern Shovelers [Anas clypeata) were observed
only pecking; Northern Pintails {Anas acuta) mainly resting. This study
demonstrates the importance of potato fields o migratory waterfowl
and enables decision-makers to improve conservation planning and
delivery to meet nutritional and other requirements of waterfowl on the
FRD.

Seasonal Habitat Requirements of Surf and White-Winged
Scoters

Eric Anderson™, James Lovvorn, Department of Zoology and Physiology,
University of Wyoming

David Nysewander, Joseph Evenson, WDFW, PSAMP Marine Bird and

Mammal Monitoring

While declines in many marine mammal and bird populations are
welldocumented in the Puget Sound-Georgic Basin, the role of specific
habitat resources in such declines is often unknown. To guide protection
efforts, we are evaluating habitat use patterns of Surf Scoters [Melanitia
perspicillata) and White-winged Scoters {Melanitta fusca) in bays of
alternative benthic habitats in narthern Puget Sound. The ability of
While-winged Scoters to cansume larger prey likely enables them to
continue consuming bivalves and thus maintain condition and forego
costly movements when smaller bivalves preferred by bolh species are
depleted. Alternctively, Surf Scoters appear to have multiple strategies
to partially compensate for seasanal declines in their condition. For
instance, Surf vs. White-winged Scoters consume a greater diversity

of prey and as winter progresses often move to eelgrass {Zostera sp.)
habitat where standing stocks of most epifaunal prey are typically
greater relative fo unvegetated habitats. Since the 1970s, White-
winged Scoters have increased by 30% and Surf Scoters have declined
by 45% in northern Puget Sound. However, it is unclear whether
changes in coastal resources in this region vs. changes in migration and
breeding areas have contribuled lo these unique population trends.

Estimating Black Oystercatcher Breeding Populations

With New Methods In and Near the San Juan Islands,
Washington State, May and June 2006

David Nysewander®, Ruth Miiner, Joseph Evenson, Thomes Cyra,
Washington State Department of Fish and Wildlife

Sve Thomas, U. S. Fish and Wildlife Service

The Black Oystercatcher {Hoematopus bachmani) is described as a
“species of high concern” in the U.S., Canadian, and Aloskan shorebird
conservation plans, due to the species’ small population size, threats

to their habitat, and their susceptibility to human disturbance. The
marine shorelines of Washington State and nearby southern portions

of Brifish Columbia host a significant resident population of this species.
Although this species is relatively easy to see, few systematic surveys
have been applied to all appropriate habitats within a more widespread
geographic area inside a limited fime frame. Boatbased surveys were
conducted in and near the San Juan Islands in Washington mid-May to
early June 2006 during nesting when territorial defense displays are
common. The new use of playing recorded calls cllowed for complete
coverage of areas in less time, with more assurance of the likelihocd

of observation of all breeding pairs. Data generated by these surveys
helps monitor other indices of papulation structure such as nests
incubated. The total breeding population of oystercaichers for the 93
siles that were censused in 20086, using recorded calls, is estimated to
be 108 breeding pairs that nested (216 breeding birds on a total of

68 of the 93 sites) with possibly up to 112 non-breeders also present,
suggesting the total number of oystercatchers found in this region is
likely to tall in the range of 250-300, depending upon the maovement of
the non-breeding component.

Importance of Coastal Field Habitats for Great Blue Heron
and Associated Wildlife
Ann Eissinger*, Nohkeeta Northwest Wildlife Services

Coastal grosslands throughout the Salish Sed serve a vital habitat
role for numerous wildlife species including the Great Blue Heron
(Ardeo herodias). Grass-deminant lields, wet meadows and fallow
agricultural lands provide year-round upland habitat. Herons utilize
grasslands for foraging, loafing and staging. Field habilots harbor an
important preybase that include small reptiles, amphibians, birds and
mammals, of which the meadow vole {Microtus townsendii) is most
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notable. Habitat utilization by Greot Blue Heron, in association with

a major heron colony, was studied over @ one-year period. The study
revealed the heron's primary association with fallow field during the
breeding season and regular use yearround. The study, through weekly
sampling, recorded and compared the heron’s use of four habitat types
within a 1,200 acre study area. Data collected included: conditions,
timing, location, behavior and numerical abundance. Wildlife observed
during the study resulted in 124 species recorded along with associated
habitat and seasonality. The study was conducted with the support of
BP Cherry Point Refinery of Blaine, Washington, in association with the
Birch Bay Great Blue Heron Colony Conservation Program.

Western Grebe Population Declines in the Strait of Georgia
B.C. and Puget Sound WA: Patterns and Possible Reasons.
Sean Boyd*, Environment Canada (Canodion Wildlife Service)

Counts conducted by the Canadian Wildlife Service in the Strait of
Georgia B.C. (eg, Baynes Sound) suggest that Western Grebe numbers
have declined considerably since the early 1980s. Counts conducted
over much of the Strait of Georgia and Puget Sound WA during annual
Christmas Bird Counts and oerial surveys by the Washington State
Dept. of Fish and Wildlife suggest that Western Grebe numbers have
declined considerably since the 1970s, and especially so since the
early 1990s. Prior to 1970, Christmas Bird Counis were conducted at
only 4 locations in the Strait of Georgia and Puget Sound {Vancouver,
Yictoria, Comox, and Seatile}. Data from these 4 sites indicate that
Western Grebas disappeared completely from this large coastal area
for about 10 years starting in 1963, This disappearance coincided with
a dramaltic collapse in their preferred prey species, Pacific Herring. The
collapse in Herring stocks was apparently caused by an unregulated
reduction fishery at the time. After a period of recovery, the abundance
and distribution patterns of Pacific Herring are changing ence cgain

on both sides of the Canada-US border, and this is having a cascading
effect on Western Grebes. The Strait of Georgia and Puget Sound are at
the northern edge of their winter range and thersfore Western Grebes
are likely very sensitive to changes in the ocean environment, including
abundaonce and distribution patterns of their preferred prey species. An
analysis of more recent Christmas Bird Count data hints that Western
Grebes may simply have shifted further south, towards California.

On and Off-Shore Drivers of Historic Population Trend in
Marbled Murrelets

Peter Arcese*, University of British Columbia

Ryan Norris, University of Guelph

David Preikshot, University of British Columbia

Douglas Bertram, Environment Canada [Canadian Wildiife Service)
Kurt Kyser, Queens University

We used stable isotope analysis of museum specimens to reveal o 107
yr decline in trophic feeding level of Morbled Murrelets in the Georgia
Basin region. In the last 40 yrs, diet quality was closely related to forage
fish biomass and murrelet cbundance, ollowing us to validate o simple
population model and back-cost population growth rate to 1889. We
suggest that murrelet numbers in the Georgia Basin were once limited
by the availability of forest nesting habitat, but may now be limited by
feeding conditions at-sea. We describe a landscapelevel experimental
monitoring design to test if variafion in &at-sea’ or &on-shore’ habitat
quality has the greatest effect on population trend and suggest that
conserving lerrestrial and marine habitats of this highly secretive,
threatened seabird will be necessary to insure its persistence in future.

Session 11C: Nearshore Habitat and Species

Restoration
Chair: Doug Myers

Historical Changes to Estuaries, Spits, and Associated Tidal
Wetland Habitats in the Hood Canal and Strait of Juan De
Fuca Regions of Washington State

Steve Todd ™, Nick Fitzpatrick, Chris Weller, Point No Point Treaty
Council .

Alan Carter Mortimer, Aspect Consulking

We used 19th century maps and contemporary air photos to assess
changes in lidal wetland habitats associated with estuarine and spit
complexes in the Strait of Juan de Fuca and Hood Canol regions. We
assessed changes in surfoce area and connectivity of tidal wetlands
associated with these complexes, and evalvated how habitatforming
processes have been altered by human intervention.

We identified 250 habitat complexes across the study areq, ranging
from < 1 ha to 799 ha in size. Overall changes included a 7%
decrease in tidal wetiand habitat {marsh and lagoon) associated
with the complexas. The numbers of spit/marsh complexes that
provide surface water connectivity with adjacent waters [i.e., potential
accessibility to juvenile salmon} decreased from 77 to 65, and lidal
wetland habitat associated with these complexes was reduced from
449 to 351 ha.

Fill resulting from transportation and residential development were
the most common causes of hobitat change. Delto progradation

has occurred in several larger estuaries, the result of channelization
and sedimentation from land use activities. Complexes were given

a "relative condition” rating to indicate the level of changes in tidal
wetland and habitat connectivity impairment. Findings are helping to
prioritize salmon habitat conservation and local shoreline planning.

Remembering our Roots: A Possible Connection Between
Loss of Ecological Memory, Alien Invasions and Ecological
Restoration

Val Schaefer *, University of Victoria

When a community or ecosystem that once occupied a site is lost, some
of its properlies may remain, leaving behind an ecological memory.
The soil properties, spores, seeds, stem fragments, mycorrhizae, species
composition, populations and other remnants of the previous inhabitants
may contribute lo the establishment of the replacement community

or ecosystem fo varying degrees, depending upon the extent of the
original habitat loss. This ecological memory helps o site to restore itself
after a disturbance.

The loss of ecological memory where disturbance has moved previously
exisfing conditions beyond a critical threshold may enable foreign
invasive species to become established and dominate a site. Conversely,
successful invasive species control may involve more than removal of
invasives and the subsequently reintroduction of native species. A more
holistic approach that re-esiablishes other biotic and abiotic factors may
be necessary in some cases. There is some urgency for further research
to document and conserve ecological memory for future applicalion in
ecological restoration.

Juvenile Dungeness Crab Habitat Study: Obtaining Best
Available Science through Partnerships & High-Endurance
Volunteer Power

Stef Frenzl*, Snohomish County

Don Velasquez, Washington Depariment of Fish & Wildlife

Dungeness crab is an important species ecologically and economically
in the Puget Sound region. Litfle is known about juvenile Dungeness
crab habitat preferences and duration of setllement along the nearshore
environment in much of the region. The Washington Department of

Fish & Wildlite (WDFW] and the Snchomish County Marine Resources



Committea investigated juvenile Dungeness crab preferences for

habitat type and tide elevation at five sites along the Snohomish

County nearshore environment from May through September 2006.
Additionally, we investigated the duration of setflement and residence.
Sompling occurred every two weeks at each site. Results indicate

that juvenile Dungeness crabs prefer mixed substrates with a sand
compaonent, and secondarily, vegetated sand habitat. We found no
consistent seflement preference patterns among tide elevations between
the categories of habitat sampled. Juvenile Dungeness crab setlement
accurred conlinuously throughout the study period after June 14ih,
WDFW will use study results to develop rules for Hydraulic Project
Approval applications in Snohomish County. This ambitious effort

was possible due to an extensive number of partnerships and over 70
highly-trained college students and volunteers. This study can serve as a
model for those interested in developing collabeorations among varicus
agencies, crganizations, and institutions Jo implement sound, applied
science.

Location, Location, Location: Intertidal Diversity Gradients
in Puget Sound

Helen Berry", Washington State Department of Natural Resources
Megan Dethier, Jennifer Ruesink, University of Washington

Blain Reeves, WA Dept of Natural Resources

Amy Glaub Sprenger, University of Woshington

Effective assessment and restoration of littoral habitats depends on an
understanding of intertidal biodiversity patterns and the processes that
drive them. Recent studies show a striking gradient in species richness
on pebble-sand beaches clong the estuarine gradient of Puget Sound.
This pattern is consistent cmong years and exists for both epibiota and
infauno. We investigated the processes behind the pattern, exploring
gradients in physical conditions, growth rates, recruiment, and early
post-recruitment mortality. Although richness and biomass of adult
organisms are almost twice as high at the marine end of the gradient,
richness and abundances of new infounal recruits {<1 month old)
show no such gradient, even when sediment grain sizes are controlled.
Protecting bivalve recruits from predators had minimal effects on survival
over 4 months. Our results suggest that early post-recruitment mortality
of infauna drives the richness gradient.

A Conservation Strategy for Tarboo-Dabob Bay,
Woashington

Peter Bahls *, Northwest Watershed Institure

Tarboo-Dabob Bay is one of the largest, high quality salimarsh estuaries
remaining in Puget Sound and provides important habitat for fish,
wildlife, and shellfish resources. Perfions of the Bay are protected by
state preserves, but the health of the estuary as o whole is threatened
by increasing development pressure and associated road building,
shoreline armoring, and logging along the steep slopes and shorelines.
Northwest Walershed Institute is working with partners 1o develop

o comprehensive conservation strategy for Tarboo-Dabob Boy that
includes expansion of the existing Notural Area Preserve and Trust

Land Transfer options to preserve the watershed processes that keep the
estuary functional. In this presentation, | will discuss the scientific ond
political considerations and our progress lo date on this conservation
iniliative.

Marine Nearshore Habitat Priorities in the Green-
Duwamish Watershed in Central Puget Sound

John Smoll*, Paul Schlenger, Ali Wick, Anchor Environmental

Julie Hall, Seottle Public Utilities

Kollin Higgins, King County DNRP

This presentation describes a science-based approach for the
priorifization of restoration and conservation oppeortunities along the
marine nearshore of Ceniral Puget Sound. The purpose of the project is
to assist the sclmon recovery efforls and focus resources on areas thot
can significantly contribute to providing hobitat that meels the ecological

needs of juvenile solmon.

The prioritization effort focused on nearshore processes that create and
sustain habitats. To this end, habitat conditions were considered on
several scales from the site specific level of tens of feet, to the drift cell
scale of several miles, to the landscape seale comprising the project
area’s 90 miles of shoreline and beyond.

The project area is the Puget Sound shoreline of the Green-Duwamish
Watershed, including Vashon and Maury Islands. The project area
includes Elliott Bay a heavily urbanized shoreline. These urbenized
areas presented a challenge for identifying restoration and conservation
priorities in this project and in other salmon recovery focused efforts

in the region. A comparison of the conditions in Seatle with those in
Mason County, a less altered portion of South Puget Sound, where
habitat restoration and conservation is still needed, but presents different
challenges.

A completed resloration project ar Seahurst Park, lacated south of
Seattle, will be described. This restoration project is ond example of the
type of projects that are needed along the Puget Sound shoreline.

Panel 11D: Criticci_Load Modelling for

Atmospheric Deposition |
Chair: Peter Schwarzhoff

A Critical Load is the highest deposition rate that will not cause chemical
changes leading to longterm harmful effects in the most sensitive
ecosystems, The indicalors and potential endpoints for effects vary with
the intent and the sensilivity of receptors. This session will present aspects
of critical load and deposition modelling and effects underway in the
Georgia Basin ot presenl.

Panel Members.
* Patrick Shaw
* Shaun Waimough
* Alyse Mongeon
¢ flizabeth Waddell
= Paul Arp

Introduction to the Critical Load Concept
Shaun Watmough, Julian Aherne, Trent University

In recent years the sensitivity of terrestrial and oquatic ecosystems lo
acidification and eutrophication have been described in terms of critical
loads; defined as "o quantitative estimate of exposure to one or more
pollutants below which significant harmful effects on sensitive elements
of the environment do not occur accerding to present knowledge”. The
concept has been widely accepted as a basis for the development of air
pollution control strategies in Europe. The linking of ecosystem response
to deposition level is the central principle of the eritical load approach,
with methods ranging from simple semi-quantative assessments to
dynamic modelling (used to assess the lime required to reach steady
slate). Recently, the critical loads methodology has been used to assess
the impacts of etmospheric deposition of nitrogen and sulphur o upland
forests in Eastern Canoda and the Prairie Provinces. Crifical loads of
atmospherically deposited nitrogen and sulphur and currently being
developed lor Georgia Basin ecosystems. This presentation will provide
an infroduction to the critical load concept and the application of the
approach to the Georgia Basin in British Columbia.

Weathering Rates and Steady-State Critical Loads for
Forest Plots in the Georgia Basin

Alyse Mongeon, Julian Aherne, Shaun Watmough, Trent University
During June 2004, the Pacific and Yukon Region af Environment
Canada initiated a research programms to determine critical loads

of atmosphaericolly depasited nitrogen and sulphur for Georgia Basin
ecosystems, British Columbia. A crifical load is defined as “o quantitative
estimate of exposure to one or more pollutants below which significant
harmful effects on sensitive elements of the environment do not eceur
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according lo present knowledge”. Critical loads of acidity are sirongly
dependent on the rate of release of base cations from the soil matrix,
i.e. the soil weathering rate. During summer 2006, soils from 19 forest
plots were sampled for mineralogical analysis. A significant proportfion
of the study sites were part of the former Canadian Forest Service (CFS)
Acid Rain National Early Warning System (ARNEWS) plot netwark (11
plots). Furthermore, o number of the plots were located in long-term
study catchments (UBC research forest and Roberts Creek). As such, o
wealth of historic data exists for many of the study sites. Soil mineralogy
will be used in conjunction with soil physiochemical characteristics to
determine the weathering rate for each study site. These estimates will
be ceniral in determining the steady-state critical loads of acidity for the
forast soils in the Georgic Basin.

Establishing Critical Loads for Nitrogen and Sulfur
Deposition in NW Washington
Elizabeth Waddell, NPS

For over a decade, the crifical load concept has been an important
policy tool in Europe and Canada. Canada has employed combined
maps of critical load valves for both aquatic {lake} and terrestrial
{upland forest soils) ecosystems in several assessments evalualing how
ocid deposition impacts Canadian ecosystems - especially in the East
{Environment Conada, 2004, RMCC 1990, Environment Canada
1997)

There has been growing interest in using the critical load concept in

the U. S. In 2000, the federal land managers indicated their intent fo
develop critical loads. In 2004, the National Academy of Science
recommended that EPA consider critical loads to protect ecosystems.

In 2006, EPA provided that states could use critical loads in lieu of
increments. In May 2006, Rocky Mountain National Park established o
critical load for eutrophication effects to alpine lokes.

In September 2006, the Northwest Clean Air Agency sponsored a
nitrogen and sulfur deposition critical loads science workshop co-hosted
by the National Park Service, U. S. Forest Service, and U. 5. Geological
Survey to assess the quality of existing data and the additional data
needed for esiablishing critical loads in NW Washington {Puget

Sound airshed). Six high priority research efforts were identified at that
workshop addressing both terrestrial and oquatic ecosystem effects.
This presentation will discuss the results of that meeting and the progress
that has been made since that meeting.

Framework for High-Resolution Modeling and Mapping of

Criticial § and Loads and Exceedance
Paul Arp, Faculty of Foresty and Env. Management

An approach will be presented for mapping critical S and N load

(CL) and exceedances of forest soils within the Georgia Basin, based
on an uplond-wetland delineation at high resolution {10 m}. This
delineation is crucial for fracking differences in soit N chemistry as
affected by scil drainage: upland soils are sensitive to N-induced
acidification when: atmospheric N2 is fixed and nirified (s in red
alder stands), incoming NH4-N is also nitrified, and part or all of the
incoming and soilproduced NO3J-N is not taken up by the vegetation.
In poorly to partially drained soils, part of the incoming NO3-N is de-
nitrified, thereby causing an increase in critical N and S+N loads for
wefland soils. The approach uses these data layers: digital elevation,
atmospheric $, N, Ca, Mg, K deposition grids, climate grid for air
temperature and pracipitation, forest site classification, soil map, and
forest inventory data. The latter is used to quantify nutrient demands

in reference to primary nuirient supplies, originating from atmospheric
deposition and soil weathering. Nutrient demands refer to nutrients lost
due o forest horvesting and fires. These can be derived from expected
mean annual forest biomass increments, by deminant species type,
per map unit. This approoch deals with steady-state and dynamic CL
assessments, with the latter needed to deal with ascertaining base-cation
depletion rates in response to actual and projected S and N emission
and depasilion fargets.

Session 11E: Toxics in Biota |
Chair: Peter Ross

Environmental Biomarkers using Mussels.

Susan Baldwin ™, Paul van Poppelen, Annette Muttray, Ekatering
Vassilenko, University of British Columbia

Biomarkers give us an easily measurable way to deduce information
about complex biological processes associated with the health of an
individual or the presence of a disease. In environmental menitering,
they are used as part of a collection of tests to predict environmentally-
induced diseases and damage to ecosystems. As indicators of
environmental quality, bivalve mollusks, such as Mytilus spp., are often
used os senfinel organisms. Many so called “mussel wotch” programs
are in place across North America to track temporal changes in
contaminant body burdens and population health. Recent developments
in genomics and proteomics have provided more accessible tools for
including molecular biomarkers in the suite of tests used 1o assess the
physiological conditions and health of mussels used in mussel watch
programs. In this talk, we will outline our approach to the development
of genetic biomarkers for environmental monitoring. We will discuss the
desired attributes of an environmental biomarker and the challenges
and piffalls that need to be overcome. In our laboratery, we are
developing genetic biomarkers for a leukemia-like disease {haemic
neoplasia) that is a nondethal endpoint monitored at some locations.
Examples of challenges that we have faced and ways that are proposed
to overcome these will be given.

Current-Use Pesticides and Salmon Neurophysiology:
Implications for Salmon in British Columbia

Keith Tierney ™, Simon Fraser University

Peter Ross, Fisheries ond Oceans Canada

Mark Sekela, Environment Canada

Chris Kennedy, Simon fraser Universify

Salmonids, including eoho {Oncorhynchus kisutch) and sockeye {O.
nerka) spp., ulilize mony areas adjocent to urban and agriculiural
activities for spawning and early life history stages. Recent declines

in the abundance of cerlain stocks, and alterations in the migratory
potterns of others, triggered concerns regarding the possible impacts

of waterborne contaminants such as current-use pesticides on the
neurological systems of these fish. In this talk we will provide pesticide
concentrations infield around the province of B.C., and then relate these
to known sublethal neurophysiologic effects. For example, atrazine has
been detected in urban {Scott Cr.} and rural (Nathan Cr.) streams, and
has been shown to decrease olfactory neuron responses within minutes
of exposure. Expasure has also been associated with decreasing
olfactory-mediated aftraction to the amine acid Lhistidine. Similarly, the
insecticide chlorpyrifos was found in the some streams, ond has been
shown to differentially impair both rapid acceleration and sustained
swimming performance. By linking physiclogical ond behavicural
endpoints, and comparing adverse effects levels fo concentralions
measured in BC salmon streams, we are aftempting to provide managers
ond regulators with a relevant risk assessment plattorm.

Contaminants and Associated Transcriptional Responses
in Fish from Remote High Elevation Lakes of Western
Washington, USA

Patrick Moran®, Robert Black, US Geological Survey
Neelakanteswar Alury, Mathilakath Vijayan, University of Waterloo

The consistent cold temperatures and large omount of precipitation in
the Olympic and Cascade ranges of Washington State are thought
to increase atmospheric deposition of contaminants in these high
elevation locations. Total mercury and 28 organochlorine compounds
were measured in composite, whole fish samples collected from

14 remote lakes in the Olympic, Mt. Rainer, and North Cascades
National Parks. Mercury was detected in fish from all lakes sampled
and ranged in concentration from 17 to 262 pg/kg wet weight. Only



two organochlorines, total polychiorinated biphenyls (tPCB) and
dichlorodiphenyldichloroethylene {DDE), were detected in fish tissues
{concentrations <25 nug/kg wet weight]. No organochlorines were
detected in sediments {MRL =1-5 pig/kg), while median total and
methyl mercury in sediments were 30.4 and 0.34 pg/kg (dry weight),
respectively. Using a targeted rainbow trout cDNA microarray with
known genes, we detected significant differences in liver transcriptional
responses, including metabolic, endocrine, and immune-relaled genes,
in fish collected from a contaminated lake compared to a lake with o
lower contaminant load. Overall, our results suggest that lecal urban
areqs are contribuling to the observed contaminant patterns, while the
Iranscriptional changes point to a biological response associated with
exposure to these contaminants in fish. Specifically, the gene expression
pattern leads us to hypothesize a role for mercury in disrupting the
metabalic and reproductive pathways in fish from high elevation lakes in
western Washington.

Improved Flatfish Health Following Remediation of a PAH-
Contaminated Site in Engle Harbor, Washington

Mark Myers*, Bernadita Anulacion, Barbara French, Wifliam Reichert,
Cathy Laetz, Jon Buzitis, Sean Sol, O. Poul Olson, Tracy Collier, NOAA
Fisheries, Northwest Fisheries Science Center

Eagle Harbor in Puget Sound became & Superfund sile in 1987 due

to high sediment concentrations of polycyclic oromatic hydrocarbons
{PAHs) released chronically from a nearby creosoting facility. Early
studies with English sole from this site (1983-86} demonstrated high
prevalences (up lo 7 80%) of toxicopathic liver lesions, including
neoplasms. These lesions have been sirongly and consistently
associated with PAH exposure in multiple field studies, and have been
induced in the laboratory injections of a PAH-ich fraction extracted
krom Eagle Harbor sediment. Further studies (1986-88) incorporated
biochemical biomarkers of PAH exposure and effect, including hepatic
CYP1A expression, biliary fluorescent aromatic compounds (FACs),
and DNA adducts in liver. Prior to site remediation, hepatic lesion
prevalences and biomarker values in these species from Eagle Harbor
were among the highest in Puget Sound. In 1993 and 1994, o
primary cap of clean sediment was placed over 54 acres of the most
contaminated portions of Eagle Harbor, with o secondary cap added
between November 2000 and February 2002, in order lo sequester
PAH-contaminated sediments. Lesion prevalences and biomarker
values just before capping were reduced compared to historical data,
consistent with closure of the creosoting facility closure in 1988, and
subsequent shore-based scurce controls. Dala on liver lesion risk,
hepatic CYP1A, and biliary FACs from fish collected immediately after
and at regular intervals up to ~ 2 years after primary sediment copping
were highly variable relative to pre<apping values. However, over

the entire monitoring period [up to 142 months) since cap initiation,

but porticularly afier =3 years, there was an overall, significantly
decreasing trend in risk for hepatic lesions in English sole, and for biliary
FACs and hepatic DNA adducts. In partficular, the risk of hepatic lesion
occurrence in English sole has been consistenily low (> 0.20} compared
to lesion risk at cap initiation [1.0), from ~ 4 years ofter sediment cap
placement through April 2005. These results show that the sediment
capping process has baen effective in ameliorating PAH exposure

and associated biclogical effects in resident flatfish species, and that
lenger term monitoring of pollutant responses in biological resources,
such as resident fish, is necessary and far superior to monitaring of only
sediment contaminanis in order to demonstrate the efficacy of this type
of conteminant remediation.

Contaminants in Pacific salmon {Oncorhynchus spp): the
importance of fish biology in assessing sources from the
Pacific Ocean versus regional sources from coastal waters

of Puget Sound and the Georgio
Sandra O’Neill*, West James, Washington State Department of Fish
and Wildlife

Gina Ylitalo, NOAA Fisheries

Contaminants levels in Pacific salmon and other fishes depend on
where Ihey live and what they eat. However, predicting contaminant
levels in salmon is particularly difficult because of their complex

life histories. Our ongoing monitoring end research studies have
documented general accumulation patterns that are tighily linked to
the fishes’ biology. Although salmon may be exposed to contaminants
in freshwater and estuarine habitats, we documented that most POPs
are accumulated in marine habitats where most of their growth accurs.
Chbserved contaminant levels in pink, chum and sockeye were lower
than chinook and coho, reflecting differences in marine distribution and
diet among species. Pink, chum, and sockeye salmon feed and grow
primarily in oceanic waters, at great distances from coastal pollution
sources, whereas Chinook and coho spend more time in coastal waters
along the continental shelf where they are exposed lo coastal pollution
sources. We olso observed regional variation in contaminant levels in
Chinook populations that appears to be associoted with differences

in their marine distribution. PCBs and PBDEs levels were highest in
Chinook salmon that resided in Puget Sound, followed by Puget Sound
populations believed to be more ocean-reared, and were lowest in
populations distant from urban areas.

Session 11F: Education Outreach and Citizen

Involvement
Chair: Mary Knackstedt

Developing o Comprehensive Surface Water Education
Plan for a Rural County

Pat Pearson*, Washington State University Jefferson County Exfension
WSU Jefferson County Extension designed a comprehensive

Surface Water Education Plan for the Jefferson County Surface

Water Management Plan. Successful surface water and sterm

water management are critical to protecting water quality. Success

of a manogement plan depends upon the public understanding the
importance of water quality and natural processes and be willing to
support aclivities and behaviors that protect the environment. WSU
administered an inilicl community survey to assess communily awareness
and needs, designed a county-wide campaign tilled “Water Matters”,
and developed new surface water education programs to reach
targeted audiences and the general public. Watershed education
newspaper inserls were distributed to 20,000 residents. A new program
tiled “Welcome to Your Watershed” was created to reach new home
and property owners through partnerships with local realtors and county
depariments. We created a folder with lacal information on watershed
processes, answers to water/on-site seplic/ building related issues, and
a list of “Who Can Help” contacts that we distribute through realtors
ond permitling depariments. The "Green Gardening Nursery Project”
provides garden nursery staffs and customers with up to date hondouts,
trainings, and workshops on fertilizer and pesticide reduction and
natural lawn care.

Boating Clean and Green on Georgia Strait

Mike Richards *, Georgia Strait Alliance

With almost half a million recreational vessels plying the waters of
Georgia Strait, o number that is increasing every year, there are many
recl and potential impacts from bogting aclivities on this precious
environment. Georgia Strait Alliance {GSA) launched the Green
Boating Program in 2000 to address the issues of recreational boaling
in Georgia Strait through a proactive educational process. During this
time, GSA has visitad almos! avery marina around the Strait of Georgia,
meeting with boalers and marina staff ond carrying out education on
environmentally sound boating pracfices. The program - centred on
the popular “Guide to Green Bealing” - has also provided signage
and numerous preseniations to marinas, boating clubs, government
ogencies and other organizations. We have distributed over 50,000
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guides throughout this region and beyond, and it is used regularly in
many boaling education courses. In 2004, the program was exponded
10 help reduce hydrocarbons in our harbours. We have distributed over
14,000 fue! and oil absorbent pads in the Capital Regional District of
Victoria, the Nanaimo area, with expansion into the Lower Mainland.
With excellent educational tools, experienced staff and a collaborative
approach, this national award-winning program has proven o be
successful beyond expectations. This presentation focuses on the
program, its goals, the qualitative and quantitative indicators of success
and the ingredients that have kept it sustainable.

Nature Matters — A City’s Commitment to Environmental
Stewardship
Carrie Boron®, Lanny Englund, City of Surrey

As the City of Surrey has evolved over the years, so has its
environmental stewardship and community awareness initiafives as
demonstrated by the Noture Matters program. The Program obijectives
include:

Protecting and enhoncing our environment

Educating and engaging residents in environmenial issues

Increasing youth involvement through stewardship activities

Encouraging volunteerism in the community

Working with teachers and students to provide environmental
education opportunities
To achieve these initiatives, stoff has enhanced existing and developed
new programs. Environmental programs such as SHaRP, SNAP, Releaf,
Environmental Extravaganza, and Eco Rangers are but a few of the
initiatives that have evolved in the last 10 years. Key highlights include:

Yearly environmental events, which bring more than 20,000 residents,
businesses and students together.

350 students working in natural areas through the SHaRP and SNAP
programs

Working with our agricultural community on environmental issues {any
numbers?)

Contacting over 1600 business on pollufion prevention practices

Tens of thousand of trees, shrubs and wetland plants installed to
enhance habitat
The above programs demonstrate that “Nature does Matter” to
the residents of Surrey. With dedicated funding, and a longterm
commitment, these initiatives can make o difference in 0 community.

The Power of Watershed Education Networks
Robert Simmons ™, Emily Sanford, Washington State University Extension

in the communities of the Puget Sound Georgia Basin there are
numerous organizofions providing environmental education to meet their
own specific objectives. In some regions of the basin, environmental
education networks have been established and are successfully
increasing the effectiveness of environmental education efforts. In a
2006 survey of environmental educators, conducted by the Puget
Sound Action Team, it was found that increased coordination and
collaboration between organizations is strongly desired in areas where
networks do not currently exist.

These formalized networks generally have participation from non-profit
organizations, government agencies, school teachers and businesses.
Networks have provided collaboration and coordination amongst

the diverse groups providing outreach. Goals of these network goals
typically include:

~ Preventing duplication

- Providing consistent messages fo the public

- Fostering collaborative efforts

- Ensuring that key audiences are reached

- Educating members on specific issues or education strategies

- Providing meaningful evaluation of programs

- Increasing responsiveness to emerging issues

Further development of such networks is considered crucial in efforts to
best protect and manage Puget Sound. This presentation will discuss the
operating models used by four of the more established networks, as well
as their strengths, accomplishments and greatest challenges.

Successes of the Swinomish Environmental Education
Program: Video Series

Kaio Smith™®, Swinomish Indian Tribal Community

This presentation will discuss the Swinomish Indian Tribal Community’s
Environmental Education Program and provide examples of culturally
appropriate environmental education and outreach aclivities enacted
by the Program, both within and outside the Swinomish community.
The Swinomish Envircnmental Educator, Ms. Smith, works with all
cges, from toddlers to elders, employing Native values to inform local
communities about the importance of protecting the local ecosystems.
Through a series of video shoris, this presentation will highlight Ms.
Smith’s work with Swinomish youth in raising environmental awareness
via hands-on learning projects and interactive tools such as Tox4in-<a-Box
and Enviroscape. The themes cover lead awareness, recycling, and
environmental awareness. The short films are funded in part by U.S.
EPA grants #R-829467 and PH-97099101.

Session 12A: Hypoxia Beyond Hood Canal
Chair: Skip Alberison

Interim Results from the Budd Inlet, Capitol Lake, and
Deschutes River Dissolved Oxygen and Nutrient Study
Mindy Roberts*, Greg Pelletier, Washington State Department of
Ecology

Budd Inlet and the Deschutes River do not meet the water quality
stendards for dissolved oxygen. An ongoing study included
supplemental date collection and medel development to simulate
nutrient dynomics in the Deschutes River, Capitol Lake, and Budd Inlet.
Nitrogen concentralions increase in @ dawnsireom direction within

the Deschutes River, due to natural and anthropogenic sources. The
shallow waters and limited circulation of Capiiol Lake enhance primary
productivity, and algae blooms produce supersaturated oxygen
conditions while decreasing dissolved nutrient concenirations during the
growing season. A three-dimensional hydredynamic and water quality
model of Budd Inlet and Capitol Lake will simulate future conditions to
guanlify the nutrient load reductions necessary within the Budd Inlet
watershed lo meet the water quality stendards in both marine and
freshwater.

Circulation and Residual Flow in the South Basin of Puget
Sound

Skip Albertson *, Julia Bas, Greg Pelletier, Mindy Roberfs, Washington
State Department of Ecology

The south basin of Puget Sound is a complex and interconnected
system of siraits, open reaches, ond fiorddike bays. All the water
contained within is forced to exchange with the main basin of Puget
Sound over a sill and through Tacoma Narrows. Within the south
basin estuarine circulation can be normal {seaward aof the surface,
landward at depth), inverse {the opposite), and even sideways (in

on one shore, out on the other), which is due to the interaction of its
complex morphology with processes such as seasonal variations in
river flows, snowmell, and evaporation. The true overall flushing fime
based on the tidally-averaged residucl flow is about two months rather
then one week as estimaled by a simple tidal prism method, which has
important ramifications for water quality. Locations closer to the Tacoma
Narrows flush faster and those further from the Narrows flush slower
than average. Starting at Tacoma Narrows where it is greatly reduced
{1,500 m3/s); the residual circulation reaches a maximum in the
Nisqually Reach {around 15,000 m3/s) and then gradually attenuates
along the main channel of Case Inlet. Flow in the finger inlets alternate
between an “H” pattern (Ebbesmeyer, 1998) with residual flow splitting



around Hope and Furtstene Islands and o counterclockwise “O”
pattern with flow mostly out through Dana Passage. Variability in this
flow pattern has affects near-botiom dissolved oxygen patterns in the
bosin.

Dissolved Oxygen Variability in Puget Sound, Washington,
as Diagnosed from a Box Model Tracer

Amandea Babson ¥, Mitsuhiro Kawase, Jon Newton, Al Devol, University
of Washington

Monthly dissolved axygen {DO) profiles are used in conjuncficn

with a box model of Puget Sound circulation to diagnose the relative
importance in lhe seasonal DO budget of advection and mixing versus
biological preduction and consumption, and air-sea exchange. DO is
a biologically imporiant water property with high concentrations much
of the year in most of Puget Sound, but several areas li.e. Hood Canal)
are susceptible to seasonal hypoxia. EHforts to explain recent increases
in the extent and duration of low oxygen events in Hood Cancl highlight
the importance of being able to separale changes in circulation from
changes in biological productivity. This method shows large seasonal
and inter-basin differences in both components. In the typical seasonal
cycle, the lowest DO which is found in deep southern Hood Canal is
shown Io be more due to weak verlical mixing and advection of low
DO water from northern Hood Canal where consumption is high in

the spring, than due to especially high rate of local consumption. With
its larger volume, more total consumption occurs in southern Hood
Canal. An experiment on the magnitude of interannual variability in
DC concentrations due to circulation accounts for at least half of the
variability in the DO dataset.

Session 12B: Marine Biota: Invertebrates and

Mammals
Chair: Linda Lyshall

Spatial Subsidy of Drift Kelp Sustains Deep Subtidal Red
Urchins: Implications for the Management Of an Exploited
Species

Kevin Britton-Simmons *, Gerard Foley, Daniel Ckamoto, Friday Harbor
Laboratories

Elizabeth Bloczynski, Western Washington University

The red seo urchin Strengylocentrolus franciscanus plays a key role in
structuring subtidal marine communities and has substantial economic
importance as a commercially harvested species. Although the vertical
distribution of red urchins extends to depths of more than 100 m most
of what we know aboul the ecology of this species comes from studies
in the shallow subtidal. We carried out a comparative study to address
two primary questions: 1) What is the diet of deep subtidal red urchins
in the San Juan Islands?, 2} is there a reproductive cost to using deep
habitats {due to food limitation) in this region? We studied red urchins
in shallow, algal dominated habitals (-5 m) and deep, invertebrate
dominated habitats (-23 m) at 5 sites in the San Juan Iskands for one
year. Our results indicate that desp subtidal red urchins feed exclusively
on drift algae, a resource that is seasonally variable. Our analysis

of gonad mass, and numerous morphometric characters indicale that
deep subtidal red urchins are not food-limited and do not have reduced
fecundity, contrary to our expeciations. Cur results suggest that the
deep sublidal is a high quality hobitat for red urchins and that deep
populations may contribute substantially to the pool of larvae that
replenishes deep and shallow habitats alike. Deep subtidal habitats
could be an important refugia from harvesting and moy play a key role
in sustaining the red urchin fishery in the longterm.

Octopuses {Enteroctopus dofleini) Need Cues for Learning
Roland Anderson™, Seattle Aquarium
lennifer Mather, University of Lethbridge

Previous researchers {Fiorito, von Planta, & Scotto, 1990) were unable

to prove that a common octopus {Octopus vulgaris) can learn to open

a jor in order to obtain crustacean prey inside, although numerous
public aquariums use this situation as enrichment for giont Pacific
octopuses [Enteroctopus dofleini]. We studied presenting food in
bottles to octopuses (E. dofleini) under a assortment of conditions with

a variety of cues about the live crustacean prey inside: 1) visual only
{closed jar), 2) black jar (no visual cues), 3] minimal chemical cues

ljar with holes), or 4} maximal cues (jar smeared on the outside with
mucus from herring, o common foed for captive giant Pacific octopuses).
Enteroctopus dofleini seldom unscrewed the jar lid within the 60-minute
time limit in the first three conditions {mean 1/10 trials in Condition One,
2.5/10 in Condition Two, 2.0 in Condition Three) but did so in 9.5/10
of Condition Three. Over the five days of presentation, octopuses in
Condition Four significantly improved their latency to open the jar, from
a mean of 41 minutes in Day One to 15 minutes in Day Three. Thus
octopuses can learn to open jars if appropriate non-visual cues are
available when the jar is out of sight under the arm web.

Diet of Harbor Seals in the San Juan Island Archipelago
Monique M. lance™, Steven J. leffries, Washington State Department
of Fish and Wildlife

Harbor seals are an important upper trophic level predator and the
most obundant pinniped in the inland waters of Washington with nearly
15,000 animals. In the San Juan Island archipelago, harbor seals are
the most commonly seen pinniped and use over 150 haulout sites. This
study provides baseline data and uses percent frequency of occurrence
of prey species identified in fecal samples to describe overall diet of
harbor seals. Harbor seals fed mainly on pelagie fishes including Pacific
herring (occurring in 57% of samples), adult salmonids (31%), Gadids
{24%), Pacific sond lance {20%} and Northern anchovy {19%). Diet
differed among seasons with Gadids, herring and sand lance important
during spring, adult salmonids and herring during summer/fall and
herring, anchovy, Gadids, sand lance and Spiny dogfish during winter.
Mean number of different prey species differed among seasons with
winter diet most diverse, 3.59 different prey species and summer/fall
and spring less so 1.72 and 2.14, respectively. In general, species
composition was comparable to fish abundance based on botiom trawl
data and salmon return abundance timing. We suggest these data

are an important component for assessing how predator populations,
specifically harbor seals, may impact declining fish populations and
overall bicdiversity in the San Juan Islands.

Status of Pinnipeds in the Georgia Basin Puget Sound
Region

Peter Olesiuk™®, Fisheries and Cceons Canada, Pacific Biological Station
Steven Jeffries, Washington Depariment Fish and Wildlife

We review the sialus of pinnipeds in the Georgia Basin Puget Sound
Region {GBPSR) bosed on aerial surveys conducted since the 1970s,
and count and kill records dating back te the early 1900s. Harbour
seals are the only pinniped that reside yearround and breed in GBPSR.
Seal populalions increased about 104old between the early-1970s
and mid-1990s, but have been relatively stable for the past decade.
Currently, about 52,000 harbour secls are distributed among 650
haulout sites throughout GBPSR. Steller and California seq lions utilize
GBPSR seasonally during the non-breeding period. Both species were
uncommon pricr to the 1970s. Steller sea lions numbers have slowly
increased, with racent counts ranging from 500-1,500. California

sea lions have extended their non-breeding range northward, and
males began cppearing in GBPSR in the 1960s. Numbers increased
dramatically during the 1970s, with counts fuctuating fram 1,000-
2,500 since the 1980s. Both species of sea lion are highly mobile, with
distribution reflecting the availability of prey. Elephant seals breed off
California and generally forage offshore, bul the species is occasionally
sighted in GBPSR, and in recent years have established small colonies
al several sites in the Strait of Juan de Fuca. The recent increases in
pinniped abundance in GBPSR reflect the recovery of populations along
the west coast of North America, which had been depleted by hunting
and predator conirol prior 1o being protected in the early 1970s.
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Panel 12C: Coastal Watershed and Near Shore

Systems Integration
Chair; Stephen W. Gajewski

This is a special technical session designed to lock at where we have
come in the science and technology community in reclizing the goal of
fully integrated systems models and tools that comprehend meteorology,
watershed, groundwater, and estuarine/marine systems. The technical
session will be led off by technical briefings on the “state-cithe-art” for a
number of subjects, followed by o panel that explores the nsed for and
the challenges of systems integration.

Panel Members:
« Terry Williams, Tulalip Tribes
* Andrea Copping, Battelle Pacific Northwest National Laboratory
Peter Best, City of Bainbridge
» Tarang Khanguankar, Battelle Pacific Northwest National
Laboratory
* Randy Schuman, King County
* Tany ingersoll, North Olympic Peninsula RCMP

Panel 12D: Critical Load Modelling for

Atmospheric Deposition Il
Chair; Peter Schwarzhoff

A Critical Load is the highest deposition rate that will not cause chemicol
changes leading to longterm harmful effects in the most sensitive
ecosystems. The indicators and potential endpoints for effects vary with
the intent and the sensitivity of receptors. This session will present aspects
of critical load end deposition modelling end effects underway in the
Georgia Basin at present.

Panel Members;
+ Julian Aherne, Trent University
* Anliong Zhong, University of British Columbia
* Robert Hudson, British Columbia Ministry of Forests and Range
» Gordon Weetman, University of British Columbia

Modelling the Impacts of Acid Deposition on Apline Lakes
Julian Aherne, Trent University

High elevation lakes situated along the coastline of British Columbia
are considered to experience limited exposure to ransboundary air
pollution due to the predominant south-westerly or westerly airflow,
However, although far from local sources of pollution, these lakes are
nonetheless threatened by the atmospheric deposition of pollutants
{acidity and texic air pollutants) and by climate change. They are
especially sensitive to acidification owing to the poor buHfering
capacities of soil and rocks in their catchments; similarly their catchments
have litlle soil and vegetaticn to toke up nitrogen deposition from the
atmosphere; and they are predicted to experience significant climate
change. Because of their sensitivity, these remote lakes are not only
vulnerable to environmental change, but are also excellent sensors

of change; however, few studies have been carried out on these
remote coastal lakes. During 2005 and 2006, water chemistry was
sampled from a number of high elevation alpine lakes in the Georgia
Basin ranging in elevation between 1000 and 1400 m; soils samples
were also collected during 2006 {two pits per catchment sampled by
horizon). These data have been used in conjunction with the Modoel

of Acidification of Groundwater in Catchments [MAGIC) to assess the
potential future and historic impacts of acid deposition on these remote
alpine lakes.

Chaining The FORECAST and MAGIC Models to Estimate
Critical Loads of Nitrogen for Forest Ecosystems in the
Georgia Basin

Anliang Zhong, University of British Columbia

Julian Aherne, Trent University

Hamish Kimmins, University of British Columbia

As forest ecosystems in the Georgia Basin are more diversified and
complicated in structurs, functions, and disturbance history than those

in the east of Canada, we used both MAGIC model and FORECAST
ecological model to estimate crilical loads of nitrogen in this study. We
examined the strengths and limitations of the two models in order to

link the two models for a better simulalion of nitrogen critical loads. We
found that the limitations of MAGIC model can be compensated by

the strengths of FORECAST, and vise verse. Three major components

or processes in MAGIC model were identified for chaining MAGIC
with FORECAST: (1) Cations in biomass. Plont biomass, nufrient
concentrations and contents in biomass components over stand age on
different sites are simulated by FORECAST, then converted to “cations
in biomass”. {2) Nitrogen net uptake by plant. The variable is simulated
by FORECAST, and then used in MAGIC modeling. (3] organic motter
decomposition. The process is well represented in FORECAST model,
and its simulation results provide decomposition and mineralization data
required in MAGIC modeling. Chaining the two models would increase
accuracy for nitrogen critical load simulation because FORECAST
modeling provides better input data for MAGI!C medeling under varying
natural disturbonces and management scenarios, such as levels of forest
harvest and forest fire hardly or implicitly represented in the MAGIC
madeling.

The Extreme Response of Streamflow and Nitrate
Concentrations to Partial Logging at Flume Creek, Sunshine

Coast, BC.
Robert Hudson, British Columbia Minisiry of Forests and Range

The effects of nonclear<ut logging on water quality and quantity were
studied in small creeks at Flume Creek, Sunshine Coast, BC from 1994
- 2003. The two freatments chosen were dispersed retention {a.k.a.
variable retention, or VR) and strip retention with 50% canopy removal,
both applied over 50% of the catchment in stages that split the harvest
over two years. Streomflow was measured by Venotch weirs and samples
for water chemistry analysis were cellected by automatic sampler on

@ storm-by-storm basis. A paired siafion paired event approach of
Ireatment vs control was used to detect increases in peak streamflow
ond peak nifrate concentration following harvesting. Peak flows were
increased up to 130% |average increase among affected events) under
VR treotment. There was a linear relationship between the proporiion

of the canopy removed and the flow increase among offected events.
On the average, peak nitrate concentralions increased by 10X and
individuat events as much as 61X the pretreatment concentration for
the strip retention treatment in the second and third years following
logging. Under the VR treatment, despite being more intense, the nitrate
increases were less than half of those observed under sirip retention.
These extreme responses fo forest harvesting are clear indicators of o
high level of watershed sensitivity. The unexpected difference in nitrote
response between the two freaiment watersheds is currently under
investigation.

The Relevance of the Experience with Forest Nitrogen

Fertilization to Critical N Loads
Gordon Weelman, University of British Columbia

At current low rates of N inpul {2 to 6 kg N/ha/yr) in the Georgia Strait
present forested ecosystems it appears that no significant detrimental
effects on acosystem functions can be expected because of the ability of
the humus ond soil to absorb and immobilize added N.

At higher input rates of 100 to 300 kg N/ha, in single one time doses,
used in operational forest fertilization, experience from similar temperate
forest ecosystems suggests that no serious detrimental effects have

been found provided guidelines about applications to lakes and water
courses are respected. Operational foress fertilization has been applied
to second growth stands in the Georgia Basin for over 30 years and is
angoing.



Repealed applications of N fertilizer, in experiments designed to
approximate N saturation, have indicated o surprising ability of forested
ecosystems to absorb added M.

European empirical critical N loads for natural and semi-naturol
ecosystems in 2002 are in the range of 5 to 20 kg N/ha/yr for forest
and subalpine habitats. Coastal, inlond surface water and bog and fen
habitats are in the range of 5 to 25 kg N/ha/yr. Given the similarity
of ecosystem structure and function these are reasonable values for the
Georgia Basin. US values are in the same range

N fertilization has been used to test the degree of N saturotion of
forested ecosystems. This review suggests it be used in the Mountain
Hemlock biogeoclimatic zone of the Georgia Basin whers the greatest
impacts of N inputs might be expected.

Session 12E: Toxics in the Marine Ecosystem
Chair: Sandie O’Neill

Thirty years of Persistent Bioaccumulative Toxics in Puget
Sound: will they ever go away?

James West*, Washington State Department of Fish and Wildlife
Sandra O’Neill, Washington Dept. of Fish and Wildlife

We combined historical data on persistent bioaccumulative toxics [PBTs)
such as PCBs and DDTs with long-term, ongoing monitoring results from
tha Puget Sound Assessment and Monitoring Progrom {PSAMP] to help
us understand the fate and transport of these PBTs in the ecosystem’s
biota. PCB and DDT levels in benthic species [bottomfish] like flatfishes
and sculpin from highly polluted, urbanized or industrialized habitats
declined sharply from the 1970s to present, mirroring trends observed
in other urbanized ecosystems worldwide. Current PCB levels in
bottomfish from urbanized habitals average roughly 100 ppb (wet wi),
which is roughly onedenth of 1970s levels. PCB levels in Puget Sound
bottomfish from relatively clean, or reference habitats have exhibited no
decline in the past 30 years, with concentrations remaining in the 20 to
30 ppb (wet wt.) range. Over the past 15 years, levels have remained
relatively constant in bottomfish from both urbanized and non-urban
habitats, Histerical PBT data from pelagic species like herring and
salmon in the PS/GB are rare, however PCBs in coho salmon appear to
have declined from the 1970s to current concentrations that are similar
to non-urban bottomfish. Over the past 15 years, levels have remoined
relatively constant in bottomfish from both urbanized and non-urban
habitats and in pelagic fish like coho salmon. We hypothesize that the
lack of a declining trend in PCBs over the past 15 years is the result of
biotic -recycling through

Endangered Southern Resident Killer Whales at Risk in
The Georgia Basin - Puget Sound: Emerging Contominant
Concerns

Peter Ross*, Fisheries and Oceans Canada

Steven Jeffries, Washington Department of Fish and Wildlife

lohn Ford, Fisheries and Oceans Canada

The small and reproductively isolated population of southern resident
killer whales (Orcinus orca) of British Columbia and Washington State
foce a daunting set of conservation pressures, including reduced prey
base, noise and disturbance, and very high levels of toxic chemicals.
While the ultimate recovery of this population requires multi-stakeholder,
multi-agency, and inter-govermmental cooperation, scientific scrutiny and
miligative efforts must focus on each of these threats individually, as
well os the interactions among them. In the case of some contaminonts,
previously enacted regulafions and source control have helped to
ameliorate lccal killer whale habitat quality. PCB, DDT, dioxin and furon
concentrafions in the regional environment have declined over the post
three decades. However, the notable persistence of the PCBs means thot
killer whales will continue to face associated health risks from &legacy’
chemicals well into the future. In addition, the failure to enact regulatory
changes will mean that the region’s killer whales will face dramatic

increases in the concentrafions of an unregulated flame retardant
chemical [PBDEs) over the coming years. As PCBs and PBDEs elicit
similar toxic effects in mammols {endocrine disruption, immunotoxicity),
the prospects for recovery of longived southern and northern resident
killer whale populations during the 215t century remain open to debate.

Management of Threots to Fish and Wildlife from PBTs
Scoft Redman *, Puget Sound Action Team

Persistent, biaccumulative toxins [PBTs) including PCBs, organochlorine
pesticides, PBDEs, and chlorinated dioxins have accumulated in the
tissue of salmon, other fish, birds, and marine mammals in Puget Sound
that individual organisms may experience suppressed immune function;
cancer; impoired development, growth, and reproduction; and altered
behavior. Toxic harm to individual organisms might threaten the viability
of fish and wildlife populations. For instance, toxic siresses might hinder
the recovery of species such as Puget Sound Chinook solmon and
southern resident orcas. Although addressing PBT contamination of fish
and wildlife is understood 1o be an important aspect of restoring the
health of the Puget Sound ecosystem, State of Washington programs

to implement the state and federal clean water acts and to ¢lean up
contaminated sites are poorly focused on control of PBT contamination
to benefit fish and wildlife. Suggestions for improved management of
PBTs include: revising the state’s approach to identifying ond describing
Puget Sound's impairments related to PBTs in the slate’s water quality
assessmenl; developing a scientific framework (e.g., via mass balance
and food web modeling) to relate PBT sources and management to
ecosystem receptors; and revising sediment management standards to
account for harm from PBT aceumulation in fish and wildlife via food
web transfers.

PCBs in The Biota: The Importance of Understanding the
Biotic Balance in Estimating Loadings to Puget Sound and
the Georgia Basin

Sondra O'Neill*, Washington Stale Depertment of Fish and Wildiife
James West, WA Department of Fish and Wildlife

Although PCB levels in Puget Sound biota are lower now than they
were in the 1970's, levels have net declined appreciably since the mid
1980's and current PCB levels are still causing adverse effects. Efforts
are underway to estimate loadings of PCBs and cther contaminants to
the Puget Sound ecosystem so as to better target management actions
to reduce inputs and accelerate the rate of decline. While moving
forward with this effort, it's important to consider the biota as a source
of bic-ovailable contaminants to the Puget Sound ecosystem. Resulls
from our PSAMP fish coniaminant monitoring clearly show that forage
fish like Pacific herring serve os an important nexus of persistent organic
pollutants to the Puget Sound ecosystem. Thus, the relative emounts of
these contominants in biota, sediments, waler and the atmasphere of
Puget Sound all must be considered tc determine the most appropriate
management actions for source control and reduclion of contaminants.
We provide rough estimates of the mass of PCBs present in resident
fish and some ather key biota and sediments. Rough estimates of the
amount of PCBs in surface sediments are also provided. The estimoted
flux of PCB mass into the Puget Sound via bictransport of some key
transient species is also explored.

Toxic Chemical Contaminants and Puget Sound
Tracy Collier*, NCAA/NMFS/NWFSC

Sandra O’Neill, James West, WA Dept Fish and Wildlife
Naothaniel Scholz, NOAA Fisheries

Puget Sound is unique among all of cur nation’s estuaries in being

a deep fijordike structure that contains many urban areas within its
drainage basin. Because there are several sills that limit the entry of
oceanic water into Puget Sound, it is relatively poerly flushed compared
to other urbanized estuaries of North America. Thus, toxic chemicals
that enter Puget Sound have longer residence times within the system,
and this entrainment of foxics can result in bicta being exposed to
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increased leveis of contaminants for a given input, compared ta other
large estuaries. The problems in Puget Sound are exacerbated by
biological isolalion. Because Puget Sound is a deep, clmost oceanic
habitat, the tendency of a number of species to migrate outside of Puget
Sound is limited relative to similar species in other large urban estuaries.
This high degree of residency for many marine species, combined with
the poor flushing of Puget Sound, results in a more protracted exposure
to contaminants. It is this combination of hydrelogic and biolegic
isolation thot makes the Puget Sound ecosystem highly suscepfible to
inputs of toxic chemicals compared to other major estuarine ecosystems,
Three steps, namely source characterization and quantitation, source
control and reduction, and biologically-based observation and
assessment, are equally essential if we are fo protect Puget Sound from
the waste producls of its surrounding, and growing, human population.

Session 12F: Envir;nment_al Education: Citizen

Stewardship
Chair: Greg Ambrozic

Learning from the BC Coastal Environment 2006 Project,

Part I: Consulting with Audiences and Experts

lynne Bonner™, Linda Gilkeson, British Columbia Ministry of
Environment

In 2004, representatives from two federal ministries, fwo provincial
ministries and two universities began work on an ambitious project

to report on the state of British Columbia's coastal environment.

From the outset, this project made a major effort to understand what
audiences value about the coastal environment and to ensure this was
considered during consultation with the experts to develop meaningful
environmental indicators. A framework for defining priority audiences
helped to identify those audiences that it would be praclical fo engege
{given limited fime and resources) for their input on issues, desirable
indicators ond reporting formats. This wos accomplished through

an audience survey conducted by email and phone. An analysis

of what would be required to undertoke an effective consultation

with First Nations provided a first step toward oddressing the needs
of this particular audience. Technical experts were encouraged to
think beyond establishing ovailability of data sets and to address the
questions and information needs of the brooder audiences for coastal
environment reporting. The primary consultation tools to get input from
technicol experts were teleconferences and facilitated workshops {in @
variety of scales and locations).

More than Meets the Eye: Community Participation in

Environmental Stewardship
Veronica Wah!™, University of British Columbia

Participation of volunteers in the work of environmental stewardship
organizations brings direct benefits not only to the groups but also the
ecosystems in which they work. It is argued however, that this type of
volunteering is also vital to larger sustainability initiatives because of

the longterm indirect benefits that may be accrued through hands on
activities in support of environmental health. These indirect benefits may
include a greater atfachment to the work sites and the fostering of an
environmenlal ethic among participants.

This presentation examines theories and emerging studies in the
literature on environmental stewardship volunieering, and related
research areas, on the potentiat indirect benefits of stewardship
volunteering. [t will illustrate how different types of environmental
experiences may relate to different attitudes toward the environment
and draw out the potential connections between participation in
environmantal initiatives and other environmentally positive attitudes and
behaviours by the volunteers. The presentation will show that through
encouraging hands on parlicipation by volunteers in stewardship
projects in their communities, environmental practilioners can help to
build a constituency of supporters for environmental initiatives in this
region.

Paddling Away the Gunk
Teri King*, Janis McNeal, Washington Sea Gront, University of
Woshingfon

Nitrogen conservation is a lough subject to have community members
rally behind. Using innovative outreach efforts such as a garbage
grinder ‘Round Up’, the tried and true ‘Septic Social’ and paddling from
dock 1o dock we were able to quickly educate homeawners about the
troubles of excess nifrogen in Hood Canal

Using o free micromesh kitchen sink screen as our ficket for discussian,
we were able to garner involvement in our campaign from over 1,931
homes in a small section of the Hood Cancl watershed. With nearly
946% of the perticipants reporting a long lerm adoption of the screen in
additien to 30 % of them going out and purchasing more we found a
tool that resonated with the community.

Fifty homes also participated in @ more grueling task as o ‘gunk
collectar’, collecting all of the bits and pieces collected in their kitchen
sink screen after every meal for one week. The ‘gunk’ wos analyzed for
both nitrogen and phosphorus ond revealed a removal of nearly 1,950
g and 185 g respectiully.

Although the amount of nitrogen screened out was limited, participants
recount on the deily visual reminder that the screen provides that they
are on a septic system and thal they need to be careful what they put
down the drain.

GreenShores: A Proadtive Initiative for Sustainable Coastal
Development

John Harper®, Coasial & Ocean Resources Inc.

Brian Emmett, Archipelago Marine Research Lid.

Martine Dubois, Martine Desbois and Associctes

Gretchen Harlow, Environment Canada {Canodian Wildlife Service)
John Readshaw, Sandwell Engineering inc.

Harriet Ruggenberg, Lanarc Consultonts Ltd.

GreenShores is a voluntary program for encouraging coastal property
owners to use sustainable approaches in coastal development. The
GreenShaores inifiative follows the model of the LEED Green Buildings
program where owners or developers accrue credits for use of
sustainable components to property development. These approaches
might include the removal of seawalls, use of sacrificial fill materials

as alfernatives to seawalls or restoration aof riparian vegetation.
Properiies or developments that achieve a suitable number of credits
are then GreenShores certified. The credit program is built around faur
GreenShores principals: (1) preserve the integrity or connectivity of
coastal processes, (2} maintain or enhance habitat diversity and function
{on a local or regional scale), (3) minimize or reduce poliutants to the
marine environment and (4) reduce cumulative impacts to the coastal
environment. Examples of application of criteria to three case examples
include residenfial properties and “brown” shores restorations [i.e.,
decommissioned industrial sites).

I;unel 13A: (;mmunity Mapping Network in the

GBPS
Chair: Rob Knight

This session will feature a live demonstration of web mapping
applicalions on the CMN [Community Mapping Network}, feoturing
3 interactive atlases to generate audience questions and participation:
Southern Gulf lslands Atlas {with streaming shoreline videos); Georgio
Basin Habitat Atlas {with oodles of GIS data from agencies and
NGOs); lnvasive Specie Atlas {with Sparfine sp. mapping, drift card
tracking & onine data entry).

The CMN is working lo bridge the information gaps in resource date
by engaging citizens groups and concerned agency siaff in BC and

Washington. The CMN is an NGO dedicaled to sharing a wealth of
natural resource information and maps with communities, locally and



inlernationally. CMN integrates data from many sources and makes
it accessible through a userfriendly web mapping system, providing
a unique set of tools o explore ond promote awareness of natural
resource features. Using a network of distributed servers, CMN offers
Internet access to comprehensive base mapping, aerial imagery

and local information, working closely with other NGOs and local
governments.

The panel will review and discuss community based web mapping
projects in the Georgia Basin - Puget Sound region. The panelists will
provide perspectives and comments on audience questions during
demonstrations, drawing on their experiences and backgrounds. The
CMN has several relevant applications in the GBPS region that will
provide a catalyst for the discussions.

Panel Members:
* Kathleen Moore
* Don Chamberlain
* Rob Knight, Community Mapping Network

Session 13B: Bio_ta: Marine_ Bi;-ds and Waterfowl

n
Chair: Jay Davis

Impact of Waterfowl Grazing on Successive Cuts of
Perennial Forage Fields

Vince VanBeelen, Ducks Unlimited Canada

Dan Buffeit*, Ducks Unlimited Canada

Located on the Pacific Flyway, the Fraser River Delia [FRD} contains
one of the largest estuaries on the north Pacific Coast. Approximately
one million migrating and wintering waterfowl use the FRD on a yearly
basis. Upland agricultural crops provide important foraging habitat

for dabbling and grazing waterfowl, however, urban sprawl, increased
human disturbance and changing land-use palicies continue to reduce
the amount of waterfowl habitat reciprocating increased pressure on
exisfing habilat. Perenniol forage grazing damage by waterfow! has
been well documenied at the first forage cut, but it is unknown what the
impact is at successive cuts. Ducks Unlimited Canada undertock a study
to determine waterfowl grazing impacts on biomass and pratein at the
first, second, third, and subsequent cuts. Four fields were subjectively
classified as an intensively or passively managed field based on
management. Twenty plots of grazed and ungrazed portions were
identified and staked in each field. Results indicated grazed fields have
a 70% decrease in biomass but o subsequent 20% increase in protein
levels. Additionally intensively managed fields recovered quicker from
the impact of grazing by the second cut while passively managed fields
did not recover completely until the third cut.  This study demonstrates
that assessmenis of waterfowl damage need to include impacts at the
first cut for intensive fields and the first and second cuts for passive fields.

Spring Usage Patterns of Surf Scoters in the Greater Puget
Sound and Strait of Georgia 2004-2006, Dacumented
Through VHF and Satellite Telemetry.

Joseph Evenson®, David Nysewander, Bryon Murphie, Thomas Cyra,
Washington State Department of Fish and Wildlife

John Tokekawa, Suzan Wainwright-De La Cruz, U.S. Geological Survey,
Western Ecological Research Center

Daniel Esler, Centre for Wildlife Ecolegy, Simon Fraser University

Sean Boyd, Environment Canada (Canadian Wildlife Service)

David Ward, U.S. Geologicol Survey, Alaska Science Center

Erika Lok, Simon Fraser University

Matt Wilson, U.S. Geoclogical Survey, Western Ecological Research
Center

Wintering populations of Surf Scoters {Melanitta perspicillata) along
the northeastern Pacific Coasl, and cdjacent inner marine waters, move
from their wintering sites to various key marine areas along the Pacific

Flyway during spring migration where they spend some time feeding, to
accumulate odditional energy reserves and body fat before flying inland
lor nesting. These areas include the outer coastal waters of Washington
and Vancouver Island, Puget Sound/ Georgia Basin, Northern British
Columbia, and Southeast Alaska. Surf scoters were implanted with both
satellite and VHF transmitters from four wintering populations (Mexico,
San Francisco Bay, Puget Sound, and the Strait of Georgia), offering an
opportunity to evaluate usage patterns and key staging areas impertant
to Surf Scoters within the Puget Sound/Georgia Basin. Satellite data
were collected during three spring seasons {2004-6) and YHF data
were collected during two seasons {2005-6). During spring, porlions

of all four wintering populations used the Puget Sound/Georgia Basin
region, this being one of three major late spring staging areas. These
data document the timing of use patterns, and percent utilization by
wintering populations. |n addition, key spring staging concentrations
and sites within the region are determined. We evaluate whether
scoters using this region during spring utilized a dilferent portion of the
nesling grounds than those scoters staging on the more northern marine
spring staging area.

Biofilm Feeding in Western Sandpipers

Dieta Lund®, University of British Columbia

Bob Firer, Canadian Wildiife Service

Weslern Sandpipers {Calidris mauri) are Alaske-breeding shorebirds
that migrate to the southern US and northern South America for winter.
During this migration, large numbers of the birds (up to 500,000
estimated in a single day]} stopover in the Fraser River estuary to

refuel. Traditionally, they have been thought to be feeding primarily

on large macrofauna such as amphipods by probing and pecking

in the muddy subsirate. However, recent investigations into longue

and bill morphology as well as isolope analysis of fecal samples and
field observations suggest that sandpipers may be instead feeding
primarily, or ot least additionally, on microalgae, meiofauna, and
organic detritus suspended in a thin layer of mucus on top of the mud,
collectively known as bicfim. In order to investigate this hypothesis,

an analysis of the stomach contents of Western Sandpipers and Dunlin
was underlaken, thot in contrast with previous studies, looks specifically
at biofiim components, such as diatoms. Results support the idea of the
Western Sandpiper as o primary consumer, especially the finding that
diatomaceous sediment, indicolive of bicfilm-intake, accounts for the vast
majority of the stomach volume-whereas identifiable prey remcins make
up only o small fraction. The Western Sandpiper contents are also
compared with those of Dunlin collected from the same foraging flock.
The final results of this study could have implications for the conservation
efforts of the Western Sandpiper and the protection of its foroging
habitat.

Monitoring Coastal Birds in the Georgia Basin: The BC
Couastal Waterbird Survey

Peter Davidson ™, Bird Studies Canada

Shannon Badzinski, Long Point Waterfowl and Weflands Research Fund
Richard Cannings, Tasha Armenta, Bird Studies Canada

Jason Komaromi, Environment Canada {Canadian Wildiife Service)
The BC Coastal Waterbird Survey was established in 1999 to monitor
the distribution and abundance of BC's coastal bird populations, and
assess avian responses to nalural and humon-induced environmental
change. Volunieersurveyors contribute an annuat average of over
1,000 person days to this citizen science program. Power analysis

of standardised, monthly, highide counts at approximately 260

sites {chiefly within the Georgia Basin) between 1999 and 2004
generated credible populationrend predictions for nine of the 58 most
commonly recorded species {Common Loon, Horned Grebe, Double-
crested Cormorant, Great Blue Heron, Mdallard, Bufflehead, Common
Goldeneye, Harlequin Duck, and Bald Ecgle). By 2010/ 11, credible
populationtrend data are predicted for many more [34) species,
assuming current survey effort is maintained. Preliminary abundance
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rends (1999.2004), generated for 58 species using route-regression
techniques, reflected findings from other surveys for some species
(e.g., declines in sea ducks), but indicated trends running conirary

lo conventional wisdom for others {e.g., a 8ald Eagle decline and o
Western Grebe increase); these are explored in more detail. This is
the only survey in the Georgia Basin capturing credible trend date for
a wide variety of coastal bird populations. Integrating these data into
conservation and coastal land-use planning is a high priority.

Marine Bird Abundance Changes in NW Washington: How
Much Decline and Why?

John Bower™, Brian Cary, Caanan Cowles, Holly Danovan, Johanna
Hobart-Crane, Tracy Lamont, Sondlin Preecs, Suzanne Sanborn, Marci
Staub, Mark VanderVen, Western Washington University

Concern continues to build over apparent dramatic declines in morine
bird obundance in southern Strait of Georgio and adjacent walers.
Here, we provide evidence to supporl these concerns by reporting final
results for @ two-year Western Washington University study of changes
in marine bird abundance over the last 25 years. Our methods involve
repeating key componentis of the marine bird section of the 1978.7%
Marine Ecosystems Analysis Puget Sound Project {MESA), including
census work from over 3000 point counts and 75 ferry runs. Results
indicate a 27% decline in the total number of birds since the 1970"'s,
including declines of over 20% for 16 of the 25 species thal were most
common in the 1970’s. Species showing the greatest declines include
surf scoter (-54 %; Melanitta perspicillaia), western grebe (-82%;
Aechmophorus occidentdlis), brant {-73%; Brantc bernicla), scoup (-
61%; Athya sp.), common murre [-92%; Uria aalge), and red-necked
grebe (-50%; Podiceps grisegena). We also report trends seen over 4
years of study for NW Washington waters, consider our data in relation
to PSAMP's long-term marine bird abundance study, and we explore
reasons for observed declines for several important species.

One Rare Bird: One Rare Woman: One Common Problem
Briony Penn®, University of Victoria

The black oystercalcher (Haematopus bachmani) is a species at risk

in the Salish Sea. Dr. Rob Butler of the Canadian Wildlife Service this
June estimated that were only 40 active nesting sites left in this region.
One of those nesting sites is on a spit at Walter Bay, Sallspring Island;
one of three left on the islond and the only documentad nest site. One
woman, Nina Raginsky, has spent the last eleven years monitoring on
a daily basis this nesting site, lobbying for signage to raise awareness
of the nest site, notifying officials of disturbances, advecating for better
legislation and personclly defending the nest. Because of her efforts,
there have been eleven successful fledgings of chicks-one eighth of

the total population. In the course of her volunteer wark, she has been
harassed, physically and verbally abused and signage vandalised.

The level of support from government officials has varied but consfitutes
a significant contribution of time and resources. The tevel of effort
required to keep these birds from abandoning nests each year has been
extraordinary. This case study explores various questions: What is the
best way to keep this population viable? What lessons can we learn
about the effective application of policy, law and resources? what might
be learned for other populations at risk? what is the best allocation

of resources for species at risk? Mapping, inventory, palicy writing,
enforcement or hiring custodians of critical nest sites?

Panel 13C: Marine Mig:u-fit-:n and Habitat Use of

Salmon and Trout in the Salish Sea
Chair: Fred A. Goetz

You may hove asked yoursslf, where are fishing going in such a hurry?
They always seem to be maving or migrating from one place to another,
from freshwater to saltwater, from Puget Sound to the Ocean. You

also might ask yourself, once they get to their destination what are

they going to do - have dinner or go to o party? Scientists have besn

interested in fish movements for decades, they may not ask questions
quite in the way we might think of it, but the study of and knowledge of
the movements of all manner of fish including salmon, frout and marine
fishes of Puget Sound, is essential to our ability to protect and conserve
these fish and their habitats. Recently new technologies have been
developed that may help scientists answer some of these questions.
These tools are opening an exciting new world of estuary and marine
research using biotelemetry - measurement (telemeiry) of biologically
relevont data using transmitters and receivers - o research approach that
has been evolving locally {Puget Sound), regionally {Salish Sea) and
at an international scale. In this workshop we will present some of the
latest biotelemetry research on the migration and habitat use of salmon
and trout in the rivers, estuaries and marine waters of the Puget Sound
and the Straits. This work is a result of a scientific collaboration of over
20 different organizations sharing equipment, staff, and information to
maoke a Puget Sound-wide monitoring network.

Panel Members:
e Fred Goetz, U.S. Army Corps of Engineers
* Russell Ladley, Puyallup Tribe of Indians
* Ed Connor, Seattle City Light
* Reg Reisenbichler, U.S. Geological Survey
e Anna Kagley, NOAA Fisheries / National Marine Fisheries Service
* Scott Steftzner, Squaxin Island Tribe
* Michael Melnychuk, University of British Columbia

Pre and Post Spawning Migration of Adult Bull Trout
{Salvelinus Confluentus) in the White River, Washington
Russ Ladley*, Eric Marks, Terry Sebastian, Puyallup Tribe of Indians
Radio telemeiry was used to monitor pre and post spawning migrations
of adult bull trout (Salvelinus confluentus) and locate spawning sites
located in the upper White River, Washington. The White River is the
targest tributary of the Puyallup River and originates on the glaciers

of northeast Mount Rainer. Turbid summer and fall water conditions
preclude visual observation of fish within the glacial mainstem reaches.
Ten char received surgically implanted radio transmitters in June

and early July of 2006 and nine were tracked to various tributaries
located within or near Mount Rainer National Park. Tagged and
untagged bull trout were observed to exit the main stem White and
enter non-glacial tributaries to spawn in late August and throughout
the month of September. A decline in tributary water temperature to
5-7= C appeared lo initiate entry. Movement and holding behavior
of individual fish varied: some exhibited steady upstream movement
while others remained in fixed locations for several weeks followed by
punctuated upstream progress. Similarly, post spawning movement
ranged from continued halding in the tributary to rapid fall-back to
meinstem river posilions. Redd elevations ranged from 2600’ to 3900
feet.

Migratory Behavior of Bull Trout in the Skagit River
Watershed

Ed Connor*, Seattle Cily Light

Eric Jeanes, R2 Resource Consultants

Fred Goetz, Seattle District Army Corps of Engineers

Dave Pflug, Seattle City Light

We investigated the migratory behavior of bull frout in the Skagit River
watershed by implanting fish with ulirasenic transmitters, and then
tracking individual fish for a period of up to three years using a network
of ultrasonic receivers. The receivers were deployed en a year-round
basis throughout the Skagit River watershed, including the Skagit deltq,
lower mainstem river, upper river, and major tributaries including the
Sauk and Suiattle rivers. Bull frout were clso tracked by receivers
deployed in the nearshore areas of the Puget Sound. Fish were
captured and implanted with ultrasonic tronsmitfers in Skagit Bay and
the upper mainstem Skagit river, allowing us to track both anadromous
and fluvial {river resident) life history forms within the watershed. We



identified areas of the Skagit River where anadremous bull trout were
the dominant life history form, and other areas where fluvial bull

trout appeared to be dominant. The results of this study indicate that
the migratory behavior of bull trout in the Skagit watershed is highly
variable, and appears 1o be influenced by flow varicbility, forage
abundance, and water temperature regimes. The life history strategy of
individual bull trout appears to be facultative, with some fish switching
between anadromous and fluvial strategies over time.

Habitat Use and Timing by Bull Trout in Marine Waters of
Northern Puget Sound, Washington State.

Reg Reisenbichler®, Steve Rubin, Mike Hayes, U.S. Geological Survey
fred Goetz, U.S. Army Corps of Engineers

Mike Parsley, U.S. Geological Survey

Bull trout and their habitats are protected because the species is listed
as Threatened under the U.S. Endangered Species Act; however, the
scientific literature contains little information about the habitat used by
anadromous bull trout during their residence in marine waters. We
used stationary receivers located in the lower Skagit River and mobile
tracking gear in marine waters to study the timing and habitat use for
bull trout in Skagit Bay during April - August 2006. Acoustic tags
were surgicolly implanted in 20 bull frout thal were captured by beach
seining in Puget Sound during April 2004 to July 2006, and in 20

bull trout that were captured by hook and line in the lower Skagit River
during 13 March to 3 April 2006. The fish were x -y cm fork length at
tagging. The fish moved past our receivers {approximately river mile 4}
toword Skagit Bay during March-May ond all but three returning fish
entered the river and passed the stationary receivers during June-July.
While in Skagit Bay, fish typically resided within 300 m of the shoreline
ond at depths < 5 m. Each fish tended to remain in a limited areq,
generally no more than 1.5 km in length. On each of four accasions, at
least one week apart, we continuously Iracked a different fish for > 20
hr. The only differences between diurnal and nacturnal habitat selection
or behavior seemed to reflect changes in tidal height rather than solar
position. We will report on other habitat features such as bathymetric
topogrophy, geomorphic shoreline forms, disrance from shore, and
distance from man-made structures or shoreline modifications.

A Summary of Acoustic Tagging Programs for Migratory
and Resident Chinook Salmon in Puget Sound

Arna Kagley ™, NOAA/NMFS/NWFSC

fred Goetz, USACE

Correigh Greene, NOAA/NMFS/NWFSC

Tom Quin, University of Washington

Joshua Chamberiin, Kurt Fresh, NOAA/NMFS/NWFSC

Like many other stocks throughout the Pacific Northwest, Puget Sound
Chinook salmon have now declined to the point that they are listed

as Threatened under the Endangered Species Act. An increased
understanding of their residence time, crigins, migration pathways,
predator/prey interactions, and habitat use is needed to help reverse
this rend. We are currently using acouslic telemetry to help fill this
information void. Currently there are over 20 organizations deploying
over 900 tags and over 200 receivers in every Puget Sound basin
and coincident with this is an international monitoring effort (POST
project) using the same technology from Alaska to California. This
presentation is a summary of the Chinaok portion of this collaborative
effort initiated over the last two years and an overview of the upcoming
research plans. This united approach will give @ clearer picture of the
status of Puget Sound Chinook salmon including oceanbound smolt and
resident (blackmouth) behavior and survival in both the estuarine and
nearshore environments and colribute to o greater ecosystem level of
understanding. This in turn will help direct future fisheries managment
decisions surrounding recovery and help focus future protection and
restoration efforts.

Results From a Regionaly Scaled Acoustic Network Used
Track Multiple Species in South Puget Sound: 2004-2006.
Scott Stellzner, Squaxin Island Tribe

Kyle Brakensiek, Stillwaler Sciences

Cameron Sharpe, Washington Depariment of Fish and Wiidlife

Sarah Haque, Evergreen College

Sayre Hodgson, Nisqualiy Tribe

Fred Goetz, University of Washington

In 2004 the Squoxin Island Tribe installed a year round acoustic
detection network in seven of the narrow passages that characterize
South Puget Sound. Field testing showed that tagged fish passing these
arrays had a probability of detection that approached 100%. The
initial purpose of the array was to investigate the early marine phase
of hatchery coho salmon (Oncarhynchus kisutch). Between 2004 and
2006 264 ccho were tagged ond released. Over 70% of these fish
were detected in the acoustic array. In 2004 other agencies began
using the year round South Puget Sound array to facilitate studies on
species of interest other than coho. By 2006 the array had expanded
to cover nine South Puget Sound passages and was being used to
support the studies of seven different agencies. Species tagged were:
hatchery and wild coho [Oncorhynchus kisutch), hatchery Chinook (O.
tshawytschal, hatchery and wild steelhead (O. mykiss), coastal cutthroat
(O. clarki clarki), and lingcod {Ophiodon efongatus). This collaborative
effort has allowed the expansion of the existing year round listening line
while providing each participating agency data beyond which it would
have been able to collect on its own.

High Mortdlity or Extended Residency of Coho Smolts in
the Strait Of Georgia? Confounding Factors in Estimating
Early Ocean Survival with Acoustic Tagging

Michael Melnychuk*, University of British Colymbia

David Welch, Kintama Research Corp.

Carl Walters, U.B.C.

We conducted a large-scale acouslic tracking study to monitor

the downstream and early ocean migrations of juvenile salmonids
through the Strait of Georgia system. Between 200420006, we
implanted acousiic lransmitters into coho salmon smolts from rwo
hatchery populations that migrate through Georgio Strait and two wild
populations thal enter Queen Charlotte Strait from northeast Vancouver
Island Rivers. We used the Pacific Ocean Shelf Trocking (POST) array
to quantify migratory rates and routes. In contrasi to steelhead and
sockeye salmon smolis, which migrated rapidly and left the Sirait of
Georgia system, coho smolts were rarely detected after entry into
Georgia Strail. Estimates of early ocean mortality were confounded

by unknown levels of summer-winter residency in Georgia Strait in
areas between lines of acoustic receivers. Mortality rates during the
downstream migretion, however, were surprisingly high for the Strait of
Georgio populations (23-95%) compaored to the northeast Vancouver
Island populations {8-23%). Relatively small bedy sizes and long
migration distances contributed to the higher mortality rates found in
these Strait of Georgio coho populations than in other coho populations
or other salmonid species.

Movement and Behavior of Steelhead Smolts in the Puget
Sound

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

Bob lelond, Washington Department of Fish and Wildlife

Sayre Hedgson, Nisqually Tribe

Russ Ladley, Puyaliup Tribe

Ed Connor, Seattle City Light

Eric Jeanes, R2 Resource Consuliants

Thomas Quinn, University of Washington

Barry Berejikian, NOAA Fisheries

Hal Boynton, Steelhead Trout Club of Washington

Kelly Kiyohara, Pot Michaels, Washington Dept of Fish and Wildlife
Correigh Greene, NOAA Fisheries
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Steelhead in Puget Sound were recently proposed for listing as @
threatened species under the ESA. The abundance of steelhead in the
Salish Sea has been declining over the past 20 years, from northern
British Columbsia to southern Puget Sound and Hood Canal. The factors
explaining these declines are highly uncertain but current information
suggests the estuary ond marine environments may be crilical areas

for the survival and growth of smolts. In 2006 a Puget Sound wide
acouslic telemetry sffort was initiated to study the migratory behavior
(timing/routes), habitat use and survival of steelhead smolts. During the
spring migration a total of 569 smalts, 311 wild and 257 hatchery fish,
were tagged and released in five diferent marine sub-basins from 11
different rivers and streams. We will report on steelhead released from
the Nisqually, Puyallup, Green, and Skagit Rivers assessing differences
in migration and habitat use between rivers, sub-basins, and between
wild and haichery fish, we will alse provide o brief comparison to
companion study work from the Hood Canal and Georgia Straits.

Panel 13D: Puget Sound Nearshore Partnership

— Emerging Results
Chair: Curtis D. Tanner

The Puget Sound Nearshore Partnership (aka PSNERP) has developed
methods for detecting changes in the physical structure of nearshore
ecosystems. Conceptual models help us understand the human stressors
that drive these changes, and how nearshore ecosystem processes
have likely been altered. Results of change analysis are being used to
idenlify restoration needs and develop projects that restore nearshare
ecosystem processes. We are also employing analytical approaches

to eslimate future conditions of the Puget Sound nearshore with and
without large-scale ecosystem restoration. Change anolysis, strategic
needs assessment, and future condition methods have been piloted

in the central Pugel Sound region [WRIA 9). As we scale up these
methods to Sound-wide analysis, we are also working to inform and
support on-going restoration efforts, Program technical guidance was
used in evaluafing and selecting projects for implementation through the
$2.5M Estuary and Salmon Restoration Program. In addition to support
for nine project proposals, the Nearshore Partnership funded project
“snhancements” that supplement menitoring and education components
to capitalize on learning opportunities inherent in the projects.

We have responded to the need for improved guidance for restoration
project monitoring programs by development of menitoring principles.
This session will discuss these early resulis of the Nearshore Partnership.

Panelists:
* Curtis Tanner, Washington Dept. of Fish and Wildlife/USFWS
s Si Simenstad, University of Washington
» Doug Myers, Puget Sound Action Team
* Randy Carman, Washington Dept. of Fish and Wildlife
* Tom Mumford, Washington Dept. of Notural Resources
* Bernie Hargrave, U.S. Army Corps of Engineers

Session 13E: Toxics in Biota 1l
Chair: John Elliott

Contaminate Residues in Demersal Fish, Invetebrates, and
Deployed Mussels in Selected Areas Of The Puget Sound,
WA

Robert Johnston*, Space and Naval Warfare Systems Cenfer,
Bremerton, WA

Dwight Leisle, Puget Sound Naval Shipyard & Intermediate Maintenance
Facility, Bremeton, WA

Jii! Brandenberger, Pacific Northwest Notional Laberatory, Sequim, WA
Scott Steinert, Computer Sciences Corporation, San Diego, CA

Michael Salazar, Sondra Salazar, Applied Biomonitoring, Kirkiand, WA

The Puget Sound Ambient Monitoring Program [PSAMP) assisted the

Puget Sound Naval Shipyard & Intermediate Maintenance Facility
Project ENViranmental inVEStment [ENVVEST) to increase the data yield
from the 2003 and 2005 trawl sampling in Sinclair Inlet and selected
locations throughout Puget Sound. Samples of English sole, rock sole,
sand sole, raffish, surfperch, staghorn sculpin, graceful erab, and sea
cucumber were collected and analyzed for residues of polychlorinated
biphenyls (PCBs} and metals. In addition, caged mussels were deployed
from June - September 2005 {84 days] at locations adjacent to the
Shipyard and at reference locations within Sinclair and Dyes Inlets to
assess contaminant accumulation and effects on growth. Tissues samples
from English sole and mussels were also analyzed for biomarkers of
sublethal stress. The tissue residue levels were compared to ecological
and human health risk benchmarks. The whole body {wet weight)
concentrations of PCBs, As, Ag, and Hg were highest in roffish; crabs
had the highest levels of Cd, Cu, Ni, and Zn; and sea cucumbers

had the highest concentrations of Cr and Pb. In general, the urban

bays {Elliott Bay, Commencement Bay, and Sinclair Inlet) had higher
concentrations of contaminants than the other areas of the sound. The
results from the caged mussel study showed that PCBs, PAHs, ond Pb
were accumulated at elevated levels in Sinclair Inlet, howaver, the
mussels remained healthy throughout the deployment and contaminants
did not appear to accumulate to harmiul levels.

PCB Cycling in the Lower Duwamish Waterway

Jeffrey Stern*, King County, Deptartment of Naturel Resources and
Parks, Water and land Resources

The Lower Duwomish Waterwoy was listed as a Superfund site in
2000. One of the principal chemicals of concern and mosl significant
risk driver at the site are palychlorinated biphenyls (PCBs). Work
conducted lo assess risks ond determine remedial action levels for

the site included numerous studies on chemical sources, movement,
fate and bicaccumulation. Models were developed for sediment
erosion and fransport, chemical fate, and food web transfer of
bicaccumulative compounds. Data were collected on various inputs
including atmospheric deposition and estimates developed for loadings
of PCBs from sources, runoff, the Green River and Elliott Bay. Tissue
concentrations were collected frem many components of the food web.
Taken together, the information and modeling analyses present a picture
of how PCBs cycle through the abictic and biotic componenis of the
ecosystem in the Lower Duwamish. Insights into trophic relationships
and feeding habits of the food web, resulting vulnerability of various
organisms fo bioccumulation and risk implications, end the relative
significance of sources and sinks to tissue levels can be discerned.

Current Levels of Pbdes and Other Contaminants in
Juvenile Chinook Salmon From Puget Sound

Gina Ylitalo*, NOAA/NMFS/NWESC

lyndal Johason, O. Paul Olson, NOAA Fisheries, Northwest Fisheries
Science Center, Environmental Conservation Division

Sandra O’Neill, Washington Department of Fish and Wildlife

Gladys Yanagida, Sean Sol, Dan Lomax, Tracy Collier, NOAA Fisheries,
Northwest Fisheries Science Center, Environmental Conservation Division
Populations of wild Pacific salmon in Puget Sound are declining and
various natural and anthropogenic factors contribute to their decline.
For example, it has been suggested that exposure o environmental
contaminants may affect salmen populstions by increasing susceptibility
to opportunistic pathogens, or by interfering with normal growth and
metabolism. Fish that migrale through contominated estuaries and
walerways are especially susceptible to these impacts. We have an
ongoing program that measures contaminant levels and associated
biological effects in juvenile Pacific salmon, including juvenile Chinook
salmon (Oncorhynchus tshawytscha) from Puget Sound. However, there
are limited data on levels of polybrominated diphenyl ethers (PBDEs)

in Puget Sound juvenile Chinook, an emerging contaminant of concern
in the Pacific Narthwest. In 2006, whole bodies and stomach contents
of juvenile Chinook salmon from various estuaries in Puget Sound



were analyzed for PBDEs and other persistent organic pollutants to
provide data on current levels of these compounds. Comparisons of fish
contaminant levels will be made based on fish size and sampling region
|north Sound vs. central Sound). These concentrations will also be
compared to those maasured in other populations of Pacific Northwest
juvenile Chinook.

Persistent Organic Pollutants in Harbor And Dall’s
Porpoises From the Inland Waters of Washington and
British Columbia: High Levels in Urban Porpoises

Brad Hanson *, NOAA/NMFS/NWFSC

Jennie Bolton, Gina Yiitalo, NOAA/NWFSC

The highly siressed status of the Puget Sound ecosystem has resulted
from the intense urbanization that has occurred over the past 100
years. This water body and the adjacent waters of the Juan de

Fuca Strait/Georgia Basin confinue fo experience increasing human
population growth, plocing addilional siress on the system. Studies on
marine mammals con provide early warnings about potential health
risks associated with changes in the marine environment, including
contaminant exposure, to both these species cnd humans due to their
similar life history characteristics, as well as their commen prey items. To
provide information on contaminant levels in a toplevel predator from
Georgia Basin/Puget Sound {GB/PS) region, blubber of male harbor
and Dalls’s porpoises that siranded in GB/PS from 1996 - 2005 were
analyzed for POPs, including polybrominated dipheny! ethers (PBDEs).
Concentrations of PCBs in harbor porpoise and Dall's porpoise were
similar to those previously reported in the same species in the early
1990s. Although the PBDE levels were, on overage, 7 limes lower
than concenirations of PCBs in these animals, these flame retardant
concentrations levels appear to have increased by 2-3 times over levels
of male porpoises sampled here in the early 1990s making them some
of the highest reported in marine mammals worldwide.

Body Condition and Tissue Concentrations of Butyltins
and Other Metals in Surf Scoter {Melanitta perspicillatal
Wintering on the South Coast of British Columbia, Canada
John Elliokt*, Environment Canada

Megan Harris, Lorax Environmental

Laurie Wilson, Barry Smith, Suzanne Batchelor, Jim Maguire,
Environment Canada

From 1998 to 2001 we examined temporal uptake of contaminants by
surf scoters {Melanitta perspicillata) in the Georgia Basin region of the
Pacific coast of Canada. Samples were collected during fall and winter,
carcasses examined, and tissues collected for histology, biomarkers,
and contaminant analysis. Scoters from both Vancouver and Victoria
harbours had significantly higher hepatic concentrations of butyttins
than birds from a reference site. In adult male surt scoters, hepatic
butyltins increased over the winter at two sites (p=0.02, n=26), while
mercury increased {p=0.03, n= 5) and selenium decreased ot one site
(p=0.001, n=15). Body condition decreased over the winter at both
the treatment site, Howe Sound (p<0.0001, n=12), and the reference
site, Baynes Sound [p=0.02, n=15}. Multifactorial analysis using AIC
showed an association between hepatic bulyliin concentrations and
overall body condition [p=0.06, r=0.237}.

PBDEs and HBCD Flame Retardants in Eggs of Osprey and
Doublecrested Cormorants from Washington and Oregon,
20022004

Charles Henny?, James Kaiser, Robert Grove, U.S. Geological Survey,
Biological Resources Division Forest & Rangeland Ecosystem Science
Center

Andrei leZau, Soheilo Shahmiri, Robert Letcher, National Wildlife
Research Centre, Science and Technology Branch, Carleton University
We report on the persistent and bicaccumulative classes of brominated
flame retardants (BFRs) known as polybrominated diphenyl ethers
{PBDEs) and hexabremacyclodadecanes (HBCDs) in 79 eggs (1 per

nest) of Osprey (Pandion halicetus) collected in 2002-2004 from
eight locations in Washington and Oregon i.e., Seattle, WA; Everett,
WA; Yakima River, WA; lower Columbia River (4 segments), WA/OR,
and headwater reservoirs of the Willamette River, OR. The objective

of this study is to assess the linkage between sources of BFRs (e.g.,
local drainage inputs), and thus local food web accumulation, and

the accumulation in breeding Ospreys. Ospreys are a good indicator
species for monitoring the health cf large rivers, bays and estuaries
because they aat large fish caught within relatively short distances from
their nests and are known to be sensitive to many bioaccumulative
pollutants. Thus, BFR concentrations in their eggs are expected to
reflect local condifions in aquatic food chains. We also determined
concenirations of these BFRs in 12 eggs of Double<rested Cormorants
{Phalacrocorax ouritus) from Everett, WA, Therefore, we report species-
specific differences in PBDE and o-HBCD (i .e., representative of total-
(e}-HBCD) concentrations and BDE congener patterns {15 congeners
evaluated), and compare and centrast concentrations for these two
piscivorous avian species.

Session 13F: Partnerships
Chair: Gord Hanson

Parinerships in our Bear Tours and our Conservation Fee
Chief Darren Blaney*, Homolco Firsf Nofions

Exporfing Successful Partnerships in the Georgia Basin
Puget Sound Region to Other Coastal Areas Under
Pressure

Kirsten Gilardi *, Joseph Gaydos, Anne Stolfz, SeaDoc Society
MNumercus organizations in the Georgia Basin Puget Sound region
have significantly advanced marine stewardship by building strategic
parinerships across jurisdictional, geographic, and disciplinary
boundaries. Agencies and fribal governments have developed
agreements; scientists and managers have colloborated on topics of
concern; and organizations have joined efforts on focused issues. The
SeaDoc Society, a marine ecosystem health program of the UC Davis
Wildlife Health Center, is using its collaborative experience and success
in the Georgia Basin Puget Sound to assist other coastal regions under
pressure. While organizationally based at a public academic institution,
the SeaDoc Society has a regional focus on the Pacific Northwest that
is driven by management needs for better scientific information, and
supported by private donor investment. This public-private partnership
has funded and conducted research on dozens of issues of concern,
hosted strategic convenings to scientifically address pressing issues, and
provided scientific input for decision makers. Building on its Pacific NW
collaborations, the SeaDoc Society is applying lessons learned here

to other coastal regions under pressure. Examples include cooperative
afforts with the Northwest Straits Commission to lounch a Derslict
Fishing Gear Removal Program in California, and transboundary work
with US and Mexican scientists 1o develop a marine ecosystem health
program on the Baja California Pacific coast.

Learning from the BC Coastal Environment 2006 Project
Part li: Information Gaps, Project Management

Linda Gilkesen®, Lynne Bonner, British Columbia Ministry of Environment
In 2004, representatives from two federal ministries, two provincial
ministries and two universities bagan work on an ambitious project lo
report on the siate of British Columbia’s coostal environment. By the
fime the project was completed in 2004, over 140 people from 30
agencies and organizations hod become involved. At the conclusion of
the project a report was produced detailing data and knowledge gaps
that were found and issues thot arose in managing a reporting project
with diverse partners_ in general, dato suitable for use in indicator
reporfing at the coast-wide scale was most lacking for: ecosystem
function and preductivity (e.g., eslgrass and kelp beds, shorelines,
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sensitive ecosystems, estuaries}); biodiversity {e.g., invertebrates, non-
commercial marine species); impacts of human activities and risk to
human health from environmental contaminants. Management issues
included: overseeing a rigorous, yet timely, review process for lechnical
papers; communication methods to minimize travel ime, while retaining
close contact for project decisions; accommodating differences between
pariners in approval processes, contract management and policies on
public release of information.

Victoria Sewage: a Solution Through Science and
Partnerships

Christianne Wilhelmson*, Geogia Strait Alliance

This presentation will focus on the decades long controversy regarding
sewoge treatment in Victoria, BC and how in recent years it revealed
2 important lessons: what happens when scientific data is not used 1o
guide public policy decisions, and how o longstanding problem can
actually bring opportunities.

For years, the effluent being discharged into Juan de Fuca Strait was
monitored, but the evidence of contamination was not acknowledged,
nor was there any recent independent analysis of a growing body of
information shawing that dilution was not a viable long-term sirotegy.
Qver the past year that has changed with the result being a call from the
public for the region to finally start addressing the problem and @ new
willingness by policy makers to look for solutions.

Change came cher years of pressure from many sources, including
political agreements between Washington and BC, media attention,
tourism boycotts and citizen action. But in the and, the solution has come
from the use of science, the creation of partnerships [citizens, unions,
environmental groups and local advecates), along with o community
willing to lock at its problem as an opportunity.

Communities around the world address sewage not as a matter of
disposal but as rescurce recovery, obtaining heat, biogas and water
from their sewage. Victorio now has the unique opportunity to address
its sewage treatment while olso finding solutions for solid waste disposal,
air pollution and climate change at the same time.

Partnerships and Collaboration Don’t End at Planning for
Ecosystem Restoration

Tim Walls*, Snohomish County

Maria Calvi, Kurt Nelson, Tulglip Tribes of Washington

Ecosyslem conservation at a landscape scale requires collaborative
planning among numerous parties. Notable examples include the Yukon
to Yellowstone Initiative. Few examples of successful landscape scale
restoration efforts exist, with fewer still that seek to recover a species
collaboratively. The Snohomish River Basin Salmon Conservafion Plan
(Plan) is an example of the latter. The Plon outlines harvest, hatchery
and habitat actions to recover Chinook salmon. With over 85% of off-
channel and tidal marsh habitats lost due to land use practices over

the last century, modeling results show that restoring the estuary is of
vital importance to salmonids in the basin, with targets set at restoring
1,237 acres. Once landscape scale planning wos completed, pariners
expected restoration at the site-specific scale, where individual partners
with jurisdictional authorities would take oction. However, to meet the
suite of site-specific and basin-wide goals, partners in the Snohomish
Basin have found that successful restoration must retain these valuable
parmerships through funding, design, construction and monitoring
phases. This presentation will focus on the need for collaborative
implementation of the Plen in the Snohomish Basin, using the estuary as
a cose study - highlighting partnerships for cost sharing and fundraising,
the application of a hydrodynamic model to assess individual and
cumulative effects of restoration projects, ond cooperation on data
collection and moniloring.

Squamish Perspective on Parinerships

Chief Gibby Jacob™, Squamish Nation

Indigencus fradilional knowledge ™ our two banks made us very rich
with strong healthy tribal clans.

Before contact we thanked the Creator for the blessings of a healthy
environment that sustained us for thousands of years.

Today we proy for the health of Mother Nature and the species that are
now extinct. we can not change the decisions we made yesterdey and
today, however, we can create healthy environmental decisions for the
future.

The first tree fell in WHOI WHOI, what is known as today as Stanley
Park, the resource extraction race was on, ko the demise of the Squamish
Nation.

In 1906 a delegation of our Chiefs went to England and were received
by their Majesties King Edward VIl and Queen Alexandra.

The commitments of the day were promised, the health of the lands
would be protected and our treaty would be complete in five years.

The honor of the Crown is still at stake, subject o the royal fiduciary
obligation.

The Squamish Nation since colenization has made meaningful efforts
towards collaboration on enviranmental issues and concerns, in the past
twa decades political will has shifted towards collective collaborative
efforts frem all federal/provincial government levels.

They are starting to understand some of our inherent ways of profecting
the health of the environment, by seeing through our eyes, they see the
health of their children’s grand children in a safe clean environment.
The two banks of the river must be protected, this is achieved by o
holistic walershed, wet land ecology approach, it the water of the land
is safe and clean, then the water of your blood that runs through your
vains is safe and clean.

All My Relations,

Chief Gibby Jocob

Squamish Nation

Chiet and Council

Closing Plenary Session & Student Awards

The session will begin by briefly recognizing those students who
presented excepiionol technical papers and posters. Students will be
evaluated during the course of the conference.

The closing plenary will feature rapporteurs’ summaries that will
seek to provide an overview of the conference and alempt to set the
proceedings in o wider context relevant io the Georgia Basin Puget
Sound bioregion. The session will conclude with o traditional First
Nations closing.
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Poster Group 1: integrated Assessment &
Landscape Scale Studies

Watershed-Based Assessment, Modeling, and Clean-up of
Microbial Pollution in a Puget Sound Embayment
Christopher May ™, Battelle Pacific Northwest National Laboratory
Robert Johnston, Puget Sound Naval Shipyard

Valerie Cullinan, Pacific Northwest National Laboratory

Sally Lawrence, Mindy Roberts, Washington Department of Ecology
An assessment of fecal coliform {FC) bacterial pollution in the

Sinclair -Dye Inlet watershed was conducted as part of the Project
ENVironmental InVESTment {ENVVEST) being conducted by the Puget
Sound Naval Shipyard in cooperation with the U.S. Environmental
Protection Agency, Washington State Department of Ecology, the
Suquamish Tribe, Kitsap County, the City of Bremerton, the City of

Part Orchard, and other local stakeholders. The goal of this study was
to identify microbial pollution prablems within the Sinclair-Dyes Inlet
watershed and to provide o comprehensive assessment of microbial
contamination from all identifioble sources in the walershed. This

study quantifies levels of conlamination ond estimated loadings from
known sources within the watersheds and describes pollutant transport
mechanisms feund in the study area. As part of this study, an integrated
watershed-receiving water model was developed to predict FC
pollution levels for a wide range of land-use scenarios. In addition, the
effectiveness of pollufion prevention and mitigation measures currently
in place within the Sinclair-Dyes Inlet watershed is discussed. This study
was conducted to provide the technical information needed to continue
current water quality cleanup efforis and to help implement future efforts
to protect and restore beneficial uses such as shellfish harvesting and
recreation.

An Assessment of Fecal Coliform Bateria in the Sinclair/
Dyes Inlet Watershed, Puget Sound, Wa, USA

Christopher May ™, Baltelle Pacific Northwest National Laboratory
Robert Johnston, Space and Noval Warlare Systems Center

Brian Skohill, Army Corps of Engineers

Saily Lawrence, Washington Deportment of Ecology

Mindy Roberts, Washington Department of Ecology

PF Wang, Space and Naval Warfare Systems Center

Gerry Sherrell, Puget Sound Naval Shipyard

Dwight Leisle, Puget Sound Naval Shipyard

John Keiss, Kitsap County Health District

Thomas Cstrom, Suquamish Tribe

An assessment of fecal coliform [FC) bacteria sources and pothways
in the Sinclair/Dyes Inlet watershed was conducted as part of the
Project ENVironmental InVESTment (ENVVEST) being conducted by the
Puget Sound Naval Shipyard & Intermediate Maintenance Facility in
cooperation with the LS. Environmental Protection Agency, Washington
State Department of Ecology, the Suquamish Tribe, Kitsap County,

the City of Bremerton, and other local stakeholders. The study found
numerous sources of FC pallution in the watershed and multiple medes
of FC transport from sources to receiving waters and shellfish growing
arecs. In general, exceeding water quality stondards were more likely
in urbanizing streams served by stormwater infrastructure, in more
developed waotershed drainage areas, in areas served by older sewer
infrastructure or onsite wastewater treatment {seplic) systems, and were
also mere likely following major storm events. Elevated nearshore FC
levels appeared to be localized and persist for only a short period

of time after storm events or during extended periods of rainfall. The
relationship between FC pollution and land-use showed that the loss
of natural forest cover and the increase in impervious surfaces were
associated with higher FC contamination. An infegrated watershed-
receiving water model developed during this project is being used to
simulate eritical conditions and priorilize actions thot will provide the
most effective water-quality benefits,

Trends in Magnitude, Distribution, and Coherence of
Aerosol Concentrations Over the British Columbia Lower
Mainfand

Sean Fleming ™, Environment Canada

We pertormed exploratory analyses of inhalable particulate matter
[PM10] aver the lower Fraser Valley, employing seven monitoring
stations with record lengths greater than 10 years. We first considered
spatiotemporal patterns in annual average August-September
concentrations. Yearly means generally increased up-valley, showed
decreasing temporal trends except for Surrey, and exhibited strong
interannual correlation between stations with the partial exception of
Richmond. We then performed empirical orthogonal function {EOF)
analyses independently for each year using deily mean August-
September dota, and considered year-to-year changes in the leading
EOF mode. The leading mode indicaled very strong daily-scale regional
coherence with the pariial exception of Richmond, and showed positive
longterm temporal trends both in percent variance explained, and in
the locdings for all stations but Surrey. That is, regional coordination

of daily PM 10 variations is high, and generally increasing. The overall
trend results presumably reflect changes in emissions levels and their
spatiotemporal uniformily, and/or changes in mesoscale meteorology,
which serves to modulote and distribute cerosols. The portial decoupling
of Richmond particulate matter variability might reflect physiochemical
effects associated with close proximity to the open marine environment,
and anomalous long-term trends at Surrey might be associated with very
large local-scale population increases.

Searching for Barn Swallow Fall Premigrotory Roosts with
Doppler Radar

Bruce Cousens*, Georgia Busin Ecological Assessment and Restoration
Society

Doppler weather service radar (WSR-88/D or NEXRAD) images from
20 west coast weather radar stations, posted to the Internet at 5-10
min. intervals, were monitored at dawn daily between mid August and
late October 2006 to search western North America west of the Rocky
Mountains from southern British Columbia to the California-Mexico
border for evidence of western Purple Martin, Tree and Barn Swallow
late summer fi fall premigratory roosts. These members of the swallow
family are known to form very large single or mixed species roosts at
the end of the breeding season that can persist for up to 8-10 weeks,
may contain tens to hundreds of thousands of birds and produce a
characteristic expanding ring “signature” on weather radar during pre-
dawn dispersal. This search located a very large predominantly Barn
Swallow roost complex (up lo 6 roost sites) near Dayton, Oregon, in
the Willamette River valley south of Portland that is known locally to
have occurred in corn fields there each fall for the past B years but has
nof been documented previously and may contain much of the PNW
population. Another large roost complex apparently olso containing
Barn and Tree Swallows was located near Yuma, Arizona, but not
ground checked. Several other smaller roost sites probably containing
swallow species were also found along this valley flyway east of the
Coast Range. Possible implications for swallow species fall migration in
weslern North America are discussed.

Marine Geohazards and Habitat in the Canada/US
Transboundary Region of Georgia Basin

Vaughn Borrie*, Geological Survey of Canada

Gary Greene, Moss Landing Marine Laboratories

Kim Picard, Geological Survey of Canado

A multibeam bathymetric swath-mapping program in the transboundary
region of Georgia Basin (southern Strait of Georgia, Gulf Islands and
San Juan islands) has provided @ 5 m resolution map of the secbed.
Numerous geological features of the basin, some of which can be
considered geohazords, are clearly defined. During the Olympia
interglacial period most of the basin was filled with sediment and then



subsequently excavated during the Fraser Glaciation, except for a
group of isclated banks. The southern basin has been partially filled
with the prograding Fraser River Delta during the Holocene. Active
faults, slope stability features, gas pockmarks, and very large migrating
sedimentary bedforms, in a region of significant seismicity, are hazards
that exist in this region of rapidly growing populafion and infrastructure.
The complex, rugged morphology of the seafloor, the result of the
glacial history and dynamic oceanography, provides critical habitat

to marine species and for the development of unique habitats, such as
small sponge reefs.

Large River Habitat Assessment and Interpretation of
Altered Conditions on the Braided Reach, Skykomish River,
WA

Frank leonetti, Michael Rustay, Andrew Haas*, L. Ted Parker, Suzanne
Brunzell, Robert Aldrich, Snohomish County

The Skykomish River, WA has created some of the best habitat in

the Snohomish River basin for ESA-listed Chinook salmon and other
salmonids. As gradient decreases, vatley confinement becomes less, and
sediment accumulates as new bedforms, a dynamic chonnel known as
the Braided Reach forms. For this study, we developed and implemented
a physical hobital survey for targe rivers supported by GPS, photo
interpretation, and a LIDAR DEM oll in o GIS to describe and evaluate
the variability in current hobitat conditions. Interpretation of these

results based on a geomorphological analysis {companion study) of

the Braided Reach indicates limits to channel migration [anthropogenic
and natural} conforms mainstem habitat unit characteristics among
reaches. Only within one reach with high active sediment storage

ond release from floodplain constraint do high quality side channels
persist. Apparent among-reach differences in IWD abundance are
actually negligible based on wood loading (#/m2). We conclude

one degraded reach hos become functionally more similar to areas
upstream, whereas historically was likely more similar to downstream
segments. Based on this hypothesis, mainstem and side channel habitat
losses are large both in terms of total length lost, diversity of habitat
types and habitat unit complexity. Understanding relationships between
habitat conditions al the reach scale and explanctory factors is critical
lo assess risk and pose aclions for protection and restoration

Land Use in the Conadian Portions Of Two Transboundary
Watersheds, Bertrand Creek and Fishtrap Creek

Stephanie Kaole™, Karen Sleensma, Trinity Western University

Within the Fraser Valley, pressures resulling from confinual urbanization
are affecting the heclth of many local streams. This study examined two
transboundary creeks, Bertrand (Township of Langley} and Fishtrap
(City of Abbotsford), with headwaters located in areas that have
experienced rapid urban development, With the help of a geographic
information system, lond use patterns within these two watersheds

were examined, providing important information concerning past and
current levels of development. Additionally, each land use category
was linked with a percent effective impervious area (EIA) and the total
percent EIA for each walershed was caleulated. This knowledge of the
overoll watershed health has valuable implications as on increase in
urbanization may result in more frequent flood damage downstream
and degraded fish habitat. The project involved an analysis of the land
use changes within the Canadian portion of these watersheds and is
part of a larger project establishing a comprehensive view of the two
watersheds in Canada and the United States. The results of this study
will coniribute to @ more helistic understanding of what is occurring

in these watersheds and will be considered in future development or
conservation proposals.

A Nutrient Budget for a Large, Oligotrophic Lake in the

Olympic National Park.
Patrick Moran™, Steve Cox, US Geological Survey
Steve Fradkin, Olympic National Park

A multiyear effort has begun by the US Geological Survey and

the Olympic Mational Park to develop a nutrient budget for a large
oligotrophic lake on the Olympic Peninsula. Lake Crescent is an 18 km
long oligotrophic to ultra-cligotrophic iake covering 1,880 hectares near
the northern bordér of the Olympic Nalional Park. Despite its trophic
status, concerns over increased algal growth, especially in the lake
outlel or Llyre River, have spurred the development of a nutrient budget.
Unique, costeffective methods are being applied as pracipilation,
surface water, septic fields and groundwater are each being evaluated
for low level nulrients {as Nitrogen and Phosphorous] with detection
limits in the 1-10 ppb range. Concentrations and loads from each of
these sources will be estimated; however nulrients are consistently below
the detection limits in both the lake and oullet river. Two large {1.5-2 m)
sediment cores from the lake bottom have been collected and are being
evoluated for sedimentation rates, nutrient burial, and shifis in diatom
communities. The challenges of evaluating productivity as a nutrient
concenirotion surrogale in the presence of agquatic macrophytes will
also be discussed. Such basic learning about o watershed will allow the
pursuit of multiple huture research questions and will provide managers
with ratios and trends in anthropogenic to non-onthropegenic nutrient
sources.

An Evaluation of Air Pollution Modeling Approaches to
Assess Exposure to Air Pollution During Pregnancy
Eiizabeth Nethery*, Sara Leckie, Michael Braver, School of
Occupational and Environmental Hygiene, University of British Columbia
Accurate assessment of exposure to air pollution at the populafion level
is difficult and generally done using modeling. This work evaluates the
modeling used for a cohort study of the relationship between exposure
to trafficbased air pollutants during pregnancy and adverse birth
ouicomes. Modeling approaches used were {1) ambient monitoring
network estimates and {2) a land-use regression {LUR} model at the
geo-coded home postal codes of the women. Ambient monitoring
networks reflect temporal variability in exposure but are limited for
detecting spatial variability at neighberhood seales. Stafions are
located intermittently throughout the study region and individuals may
live close to or very for from o station. LUR modaling uses geographic
information fo consiruct an exposure surface that has high spatial
variability but only rough temporal variation. To evaluate these
approaches, we compared measured [48-hour personal monitoring

of NO, NO2)} and medeled exposures for a somple of 62 pregnant
women. Results suggest that either modeling methed is comparable

to personal monitoring with adjustment for home gas stove, for NO
only. Combining model estimates from both ambient monitoring and
LUR further improves predictive models. We eonclude that both spatial
ond temporal variobility are important and are capiured separately in
pellution madeling. These results indicalte that exposure classificotion of
this population using modeling is appropriate for NO but not NOZ2.
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The Invertebrate Connection: Tracing the Value of Food
Subsidies from Fishless Headwaters to Downstream Fish
Populations.

Aya Reiss*, John Richardson, University of British Columbia

Resource flows across ecosystem boundaries form significant linkages
between contributing and recipient ecosystems. In particular, spatial
subsidies have often resulted in strong increases in recipient population
productivity and overall changes in consumer-resource dynamics.

The role of invertebrate subsidies from fishless headwaoter streams o
downstream fish-bearing reaches was investigated in fwo parts. First, a
|orge—sca|e survey of 1hirly—four streams assessed the seasonal and land-
use induced changes in abundance and biomass of invertebrate drift
from coniribuling upstream ecosystems. Secondly, we experimentally
manipulated the rate of terrestrial invertebrate inputs to fest whether
the recipient ecosystem - cutthroat trout growth fi could respond to
such subsidies. Preliminary results show higher subsidies from alder
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headwaler sireams in comparison to coniferous ones, Further, we see
a positive response of cutthroat lrout growth to increased subsidies.

By determining the extent to which cutthroat trout accrue fitness
benefits from experimental headwater inputs, we can link overal! Irout
response to natural variation in drift. Fishless headwaler streams have
the potential to contribute a significant portion cf the cutthroat trout
diet. Establishing a firm connection between fish fitness ond headwater
subsidies will provide a foundation for management of these currently
unprotected creas.

Differences in Food Web Connectivity Across Intertidal
Gradients in Embayment and Fluvial Deminated Estuaries
Emily Howe*, Chorles {Si} Simenstad, University of Washington

Despite suggestions that extensive mixing and large-scale transport

of organic matter occurs within estuarine systems and across fluvial-
estuarine-coastal ecotones (Teal 1962, Odum 1980), more recent
evidence in defritusbased food web systems has shown strong gradients
in the sources of organic matter assimilated by consumers across
diverse fluviol-estuarinecoastal ocean scales [Peterson et al. 1985,
1986, Deegan and Garritt 1997, McMahon et al. 2005). These
emerging results challenge our prior concepts of the scale of food web
connections across the land margin. We propose to evaluate food

web connectivity in two contrasting estuarine systems {a pulsed fluvial
system and a non-fluvial embayment] by describing the spatial extent to
which ecosystem-specific erganic matter supports estuarine consumers
across ecotones. Given that ecotones are distinguished by the strength
of the interactions between adjacent ecological systems, and therelore
can occur at o broad or fine spatial scale {Risser 1990), we will
evaluale the strengths and lengths of food web connections across
estuarine ecotones using multiple stable isotopes to trace connections
between consumer orgonisms and primary producers. The spatial and
temporal context within which we propese to quantify food web source
connections will strengthen cur current understanding of the relationship
between scales of food web connectivity and landscape scale features.

Integrated Landscape Monitoring in the Puget Sound

Liora L-‘ewe"yn * University of Washingron, Co"ege of Forest Resources
Christion Torgersen, U.S. Geological Survey - Biological Resources
Guy Gelfenbaum, U.S. Geological Survey - Geology

Mark Munn, U S. Geological Survey - Wafer Resources

Vivian Queijo, U.S. Geological Survey - Geography

An interdisciplinary consortium is developing conceptual approaches
for detecting, understanding, and predicting the effects of landscape
change on freshwater, marine, estuarine, and terrestrial ecosystems in
the Puget Sound. The implementation team led by the U.S. Geological
Survey [USGS) consists of researchers and natural resource managers
at city, county, State, and Federal levels in the Puget Sound. Conceptual
models of the effects of landscape change on Puget Sound ecosystems
will be developed that describe the components of landscape structure
ond relate these patterns to ecological function. Conceptual models

will be used to identify monitoring needed to measure and evaluate
potential indicators of landscape condition at scales necessary to inform
management issues and practices. Cver time, the findings of this pilet
project will be applied and tested on other landscapes throughout

the United States so that cur ability to deliver integrated landscape
monitoring across the North American landscape will be enhanced. By
linking approaches to landscape menitoring employed by multiple land
management agencies, this project aims to bridge the gap between
local monitoring efforts and regional satellite-based mopping projects
and thereby facilitate the detection and prediction of broad-scale human
impacts on aquatic and terrestrial ecosystems.

Yet Another Effect of Urbanizationénutrients from

Terrestrial Organic Matter in Small Streams
Mindy Roberts*, Derek Booth, University of Washington, Depariment of
Civil and Environmental Engineering

Bob Bilby, Weyerhaeuser Co.

Urbanization alfects freshwater and marine systems by cltering one

or more of five factors thet include flow regime, water quality, habitat,
energy regimes, and biotic interactions. This study evaluated the effects
of urbanization on terrestrial organic matter from riparian vegetation,
The study quantified changes to the fiming and quantity of nufrients to
small streams as well as organic matter transport and decomposition
within small streams with altered physical, chemical, and biological
processes. Historically the change from conifer to deciduous trees in the
riparian zone altered the amount and timing of organic matter inputs,
while complete removal of riparian irees depletes organic matter inputs.
Urban streoms in particular transport arganic matter farther, limiting
availability for macroinvertebrate and microbial processing that may
otherwise buffer increasing nutrient levels. Finally, red alder leaves
decompose faster in urban streams, clthough the effects of flooding and
salmon redd construction in any given year can overwhelm measurable
the effects of urbanization. Urbanization does alter the inputs, transport,
and decomposilion of organic matter in small streams, however, which
likely affect long-term nutrient delivery to downstream water bodies like
Pugst Sound. This research was funded by a grant fram the Puget Sound
Action Team and EPA Region X.

Integrated Framework of Urbanization, Nearshore
Ecosystem and Human Health Interactions

Daniele Spirandelli*, Lisa Younglove, Marcie Demmy-Bidwell, Marina
Alberti, Kelly Fay, Christina Drew, Noncy Judd, Elaine Faustman,
University of Washington

The Washington State Shoreline Management Act [2003) requires
shoreline managers to consider intsractions amang urbanization,
ocean/river/estuary systems and human heclth when developing
shoreline management plans. Although significant progress has been
made in modeling landscape change associoted with urbanization,
human exposures associated with risks, and near shore ecosystem
processes, local and regional governments ars challenged with

linking these modeling efforts to answer queslions relevant to shoreline
management and planning. This poster presents an integrated
assessment and management framework which synthesizes scientific and
expert knowledge gathered through structured interviews of scientists
and shoreline planners. After presenting o description of the framework
and its applicotion in the planning process, we demonstrate how the
framework has been used to generate a dotabase of data sources and
three case studies to show the applicability of the framework to three
shoreline problems: PCBs, harmful algal blooms and low dissolved
oxygen.

Integration of Ecological Risk Assessment and the Gap
Analysis Project to Assess Risk to Smolt Production in
Developed Watersheds

Laurel A. Kominski*, Jessica A. Ellis, Wayne G. Landis, Western
Washington University

Historically, small streams of North Puget Sound have provided
important salmenid habitat. [n our study area, small watersheds have
been dltered by development. Effective management of salmon habilat
requires methods for assessing the impacts of this development. We
studied seven small watersheds in Whatcom County, Washington, each
varying in size and range of anthropogenic disturbance. We combined
ecological risk assessment with the USGS Gap Analysis Project (GAP)
methodology to assess risks to salmonid smolt production. GAP habitat
classification was used in combination with land cover data and
sources of potenticl stressors, We used datoe from smolt traps to identify
patterns between the rearing capacity of the stream and land cover in
the watershed. Smolt data were available for each stream, however

no relationship between production and landscape characteristics was
found. Due to the inherent variability of salmon runs and lock of long
term sampling data, it wos not possible to determine if correlations exist.



This project has implications for the structure of future habitat utilization
assessments. Despite data limitations, the combination of risk assessment
and GAP provided insight info the risks 1o salmon production in the study
areq, and this method is applicable to other regions.

Ecological Risk Assessment of the Interior Landscape
Analysis System Project Area {INLAS): A Pilot Study.
Suzonne Anderson™, Sarah Christensen, April Markiewicz, Wayne
Landis, Western Washington University

An ecological risk assessment {ERA]} is being conducted in partnership
with the United States Forest Service in the Interior Landscape
Analysis System Project {INLAS) area in the Upper Grande Ronde
sub-basin of eastern Oregon. The Problem Formulation phase has

just been completed in which sources of stressors, stressors, habitats
and assessment endpoints were identified. A conceptual model was
constructed showing the exposure and effect pathways linking the
sources and stressors fo the habitots and assessment endpoints. Risk
regions were also identified using Hydrological Unit Code(s} {(HUCs)
and GIS. In the Analysis Phase the compiled data will be used to assign
risk ranks to the sources, stressors, and habitats. The Relafive Risk Model
will then be used during the Risk Characterizafion Phose to calculate
the relotive risks for each source, stressor, habiiat, and endpoint for
each risk region. The overall management goal for the INLAS region is
to achieve an historic range of variability (HRV) and to use the HRY to
manage for other endpoints such as anadromous fish habitat, invasive
spacies, insect outbreaks and forest resources. The results of this study
should provide a model with uses throughout the Georgia Basin for
forest management in areas affected by similar issues.

Poster Group 2: Invasive and Recovering Species

Update on Purple Martin Stewardship and Recovery in
British Columbia, 2006

J. Charlene Lee™, Bruce Cousens, Georgia Basin Ecological Assessment
and Restoration Scciety

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

J. Cam Finlay, Thomas W. Gillespie, Independent, Victoria, BC

The western Purple Marfin (Progne subis arboricola Behle 1968) is
Bluelisted (until recently Redlisted) in British Columbia and & Species
of Special Concern throughout its breeding range in Washington,
Cregon and California. These designations were assigned because

of severe range-wide population declines in the mid-1900s resulting
from ongoing loss of cavity nesling opportunities both in the wild and
in cities and severe compelition for nest cavities from two introduced
bird species, Eurcpean Starlings and House Sparrows. The population
has rebounded from 5 known breeding pairs nesfing in offshore pilings
at 2.3 sites within BC in 1985 to over 600 pairs in 2006, with on
unprecedented fripling in the past 3 years, entirely as o result of nest
boxes built, erected, monitored and maintained mainly by volunieers at
~ 60 marine coastal locations. This highly successful recovery program
now includes 45 occupied nesting colonies and 15 unoccupied

nest box sites distributed throughout the Geargia Basin, involving a
total of ~ 1200 nest boxes, plus 100 nest boxes at 20 fresh water

sites {one oceupied). This program could not be maintained over this
large geographic area without the ongoing dedication and support

of 130+ volunteer stewards and assistants and support from many
local businesses, sponsors and funding organizafions. Success of this
recovery effort and costs of co-ordinating and impltementing the annual
stewardship program are documented ond discussed.

Where's the Point — Details of a Large-Scale Inter-Agency
Salmon Haichery Release Mapping Project in the Pacific
Northwest

Andrew Albaugh®, Jeffrey Cowen, Northwest Fisheries Science Center,
NMFS

To aid in the recovery of Threotened and Endangered Pacific Northwest
salman populations, we at NMF$ Northwest Fisheries Science Center
hove developed o geo-spatial database to house a wide array of
salmon related data. One key component of the database, developed
in cooperation with several state, federal, and tribal agencies, is a
module to capture and display agency data on arlificial propegation
operations (halcharies]. One challenge of this endeavor was
stondordizing the agencies’ diverse methods of documenting hatchery
release locations. There were roughly 40,000 records submitted with
about 8,500 unique locations provided as narrative fext or a siream
name. Mapping these locations from this limited informelion required the
development of tools for the ArcGI1S software environment. The result is
o comparalively accurate and highly useful display of hatchery relecse
points and spawning events presented in @ spatially rigorous form. In
turn, this spatial data can be coupled with other salmon data within

the database, such as natural abundance. A major benefit from our
approach is that it will grant all agencies access to a central location,
through a web-based interface, where they can download salmon
related data. We foresee this mapping effort, coordinated with our
dotabase development as a whole, becoming a vital tool for policy and
decision makers with regords to Endangered Species Act status updates
for these salmon populations.

Chinese Mitten Crabs (Eriochier Sinensis) and Puget
Sound; Developing Early Detection and Rapid Response
Tools for an Unwanted Aquatic Nuisance Species.

Robyn Draheim, Steven Wells*, Portland State University

Puget Sound Georgia Basin is of risk for introduction and establishment
of Chinese mitten crabs [Eriocheir sinensis). Recent discoveries in St.
Lawrence Seaway and Chesapeake Bay have again raised concerns
aboul this aquatic invader and its risk 1o the Pacific Northwest. Work at
Portland State University suggests that large slable estuaries, such as
Puget Sound, face the greatest risk. If mitten crabs become established,
they are expecied o proliferate in Puget Sound due to optimal
temperature and salinity regimes for larval survival and flushing times
of sufficient duration for larval development within the estyary. With o
wellestablished populction in the Sun Francisco Bay and the potential
for infroductions from California, the East Coast, Asic and Europe, the
petential for introduction of mitten crabs into Puget Sound is significant.
While many introduction pathways have been oddressed, the risk of

a mitten crob introduction has not been eliminated. Early detection

and rapid response remain the best management tools available to
reduce the risk of economic and ecological impacts of mitten crabs in
the Pacific Northwest. Given the size of Puget Sound Georgia Basin,
the development of effective outreach tools and a network of velunteer
monitors are crucial to the success of any early detection rapid response
project. As mitten crobs are enly one of many nuisance species

of concern these efforts must be developed so that they integrate
seamlessly with existing projects.

Species of Concern within the Georgia Basin Puget Sound
Marine Ecosystem: Changes from 2002 to 2006

Nicholas Brown*, Joseph Gaydos, SeaDoc Scciety, UC Davis Wildlife
Health Center

Species of concern are native species, sub-spacies or ecologically
significant uniis that warrant special attention to ensure their
conservation. Within the Georgia Basin Puget Sound marine ecasystem,
the Province of Brilish Columbia, the State of Washington, the Canadian
Federal Government, and the United States Federal Government each
assess which species require special initiafives to ensure protection and
survival of the population. As of September 1, 2006, 64 species of
concern were listed by one or more jurisdiction in the Geergia Basin
Puget Sound marine ecosystem. Each jurisdiction underestimated the
total number of species of concern within the entire marine ecosystem.
Since 2002 when an ecosystem-based list of species of concern
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was first compiled, the number of species of concern has slowly
advanced from 60 species in 2002, to 63 in 2004 fo 64 species

but the percentege of total species listed by each jurisdiction has not
altered significontly. Using unpublished data on species richness for
the ecosystem, approximately 0.1% of invertebrates {3/3000}, 12% of
fishes {27/219), 19% of birds (24/128) and 45% (9/20} of mammals
that utilize the Georgic Basin Puget Sound marine waters are listed

by one or more jurisdiction as species of concern. This is concerning
and suggestive of ecosystem decay. In light of projected human
popvulation growth in the region, efforts need to be enhanced ta more
rapidly address regional species declines and lo institute multispecies
ecosystem-based solutions where possible.

Characterizing Zooplankton Communities in the Baltast
Water of Ships Frequenting Vancouver Harbour, British
Columbia

Donald Humphrey*, Clavdio DiBacco, University of British Columbia
Colin Levings, Fisherias and Oceans Canada

The Canadian Aquatic Invasive Species Network [CAISN) has been
established to assess vectors of dispersal for agualic invasive species
{AlS), factors facilitating successful invasions ond associated risks lo
native communities. Bollast water has been identified as ¢ principal
transport vector for AlS introductions and potential threal fo the
indigenous communities of the Strait of Georgia (SoG) due to the high
concentration of commercial ships that frequent the area. This study
examines ballast water as a tronsport vector for AlS into Yancouver
Hearbour. While management sirategies such as mid-ocean exchange
{MOE) have been implemented to prevent such introductions, the
exemption of some intra-coastal ships may still pose a significont vector
of AIS introductions. This presentafion will discuss the early results of
ship board studies examining the zooplankton community composition
in ships entering Vancouver Harbour. Comparisons of zaoplankton
communities aboard ships carrying exchanged and unexchanged
ballost water will provide an assessment of MOE prolocols for BC.
Future research will investigate zooplankton survivorship during transit
and discriminate between aclual and effective propagule pressure by
examining the ability of species to tolerate physicochemical conditions
of receiving waters. Ultimately, we hope to gain a better understanding
of which life history traits of organisms characterize and facilitate the
successful establishment of AIS in the S0G.

Non Native Bivalves in the Strait of Georgia

Ting Lum ™, Monica A. Bravo, Universify of British Columbia

Thomas W. Therriult, Gien Jamieson, Department of Fisheries and
Oceans Canada, Pacific Biological Station Nanaimo, BC, Canada
Clavdio DiBacco, University of British Columbia, Earth & Oceon
Sciences

Aquatic invasive species [AlS) can affect naiive environments by
altering ecological relationships among native species, disturbing
ecosystem functions, and possibly changing the value of the economy
within these ecosystems. The Straight of Georgia (SoG} is a rich and
productive ecosystem, that is economically important because of ils
seafood production, maritime industries, and recreational opportunities.
However, these economic and recreational activities represent potential
vectors for AlS transport that make the SoG vulnerable to invasions. The
$0G is currently inhabited by numerous nan native species, but because
very few ecological surveys have been conducted on accurate number
of established species has not been determined. During the summer of
2006 a large scale intertidal survey was conducled on the east coast
of Vancouver Island {from Victeria to Campbell River) to determine the
distribution and abundance of non native bivalves. Sampling sites were
selected to include a wide variety of environments {e.g., hard & soft
bottoms, exposed & sheltered) as well as areas thought to represent a
gradient of human impacts {e.g., nutrient loading, fresh water runoff).
Factors influencing the establishment and distribution of these bivalves
will be discussed. Understanding the envircnmental and anthropogenic

factors associated with habitats characterized by established non nalive
species may prove useful in identifying other locations susceptible to
biological invasions.

Westcoast Domestic Ballast Water Regulations: Is 50 Miles
Enough?

Nissa Ferm*, Jeffery Cordell, Terrie Klinger, University of Washington
The spread of nan-indigenous aquatic organisms has become a serious
domestic issue. It is known that ballast water is a major vector for the
tronsport of these organisms. The west coost of the continental United
States has the most invaded aquctic environment, San Francisco bay.
In order to mitigate the risk of non-indigenous erganisms transported
through ballast water, regulations have been enacted in the states

of Washington, Oregon and Califemia requiring domestic vessels
Iransiting from one state to another performs an open ocean exchcmge
50 miles off shore. Is fifty miles oceanic enough for exchange? It has
been debated whether this distance is appropriate; due to the complex
micro scale oceanic processes and coastal mesozooplankion dispersal
patierns that occur within the fifty mile zone. The study is conducting
transects from Long Beach, CA to the Stroights of Juan de Fuca, WA that
go from zero to eighty nautical miles offshore. Taking fine (BOum) and
coarse {303um) zcoplankion tows at even intervals. Mesozooplankton
will be enumerated and identified to species when possible and
categorized as oceanic, coastal, or cosmopolitan. It is hoped that this
wilt elucidate whether domestic ballast water regulations on the west
coast of the continental United States do enough to reduce the spread
of nonindigencus and coastal mesozooplankton with in it.

Non-Indigenous Zooplankton in Ships Entering Puget

Sound: Does Mid-Ocean Exchange Reduce Risk?
Jeflery Cordell*, Nissa Ferm, Russel Herwig, University of Washington

To evaluale potential risk posed by ballast water introduced non-
indigenous species {NIS), we sampled zooplankton in 246 ships in
Puget Sound. Taxa were classified intc a potentially high risk group of
known NIS plus coastal organisms in bellast from regions other than the
NE Pacific, and a low risk group of oceanic species. Most of the ships
reported a mid-ocean ballast water exchange (MOE). However, despite
apparent compliance with regulations requiring MOE, we found high
densities and percentages of NIS and coastal species in sampled ships.
Exchange efficiency models and controlled experiments with before-and-
after MOE sampling have shown that MOE is effective for zooplankion,
but we found that MOE as practiced probobly does lie to reduce the
introduction of planktonic NIS o Puget Sound. Possible reasons are that
MOE was reported but not conducted, or conducted incompletely, or
that it is ineffeclive for some ship types or ballast tank configurations. In
our results, both NIS and coastal taxa were consistently and significantly
more abundant from domestic frips dominoted by tank ships carrying
ballast from California, and lower from container ships and bulk carriers
with ballast from Asia. High NIS abundance also oceurred in a few
samples from other sources on the west coast of North America. These
findings are probably a result of dense and diverse NIS assemblages
present in California and other west coast estuaries and shorter tronsit
times on coastal routes.

Assessing Phyteplankton Survival ofter Ballast Water
Treatment

David lowrence*, Russell Harwig, University of Washington

Ballast water discharge is a recognized pathway for the infroduction of
potentially harmful, nonindigenous species of phyioplankton to coastel
walers. International, federal, and state standards of allowable numbers
of phytoplankton in discharge water have not been finalized. However,
the Internotional Maritime Organization {IMO), State of California,
and US legislation have pending regulations based on an allowable
number of “viable” organisms in a volume of ballast water. A veriety

of technologies are being developed that treat ballast waler to meet
these proposed standards, including electrolytic chlorine generation,



ozone, filtration, and UV light freatments. No standard method is
accepted for assessing phytoplankton survival after ballast water
treatment. Here we present some of the methods available lo determine
the response of phytoplankion to ballast water trealment, emphasizing
whether these methods can provide an endpoint to sctisky ballast waler
management standards. Methods include size fractionated chlorophyll o
determination, flow and solid state cytometry, direct counts, and a novel
method we developed based on the Most Probable Number (MPN}
technique. Each method has intrinsic advantages and disadvantages in
relation to their applicability for regulatory enforcement and menitoring.
Treatment experiments utilizing filtration, UV light, and chlerine were
conducted to compare the usefuiness of the assessment methods.

Acoustic Tagging of Transplanted Black Rockfish

Jeff Marliove®, Vancouver Aquarium

Carolyn Huston, Simon Fraser University

David Welch, Kintama Research

Using fishing closure areas fo conserve rockfish broodstock depends
upon long-lerm residency by rockfish in those closures. Among

inshore species, black rockfish in particular tend to occupy the water
column, and their residency in association with rocky reefs is not firmly
documented. In late 2004, VEMCQ receivers were deployed near Pt.
Atkinson and acoustically-+tagged black rockfish were released there.
Nevel graphical methods aid the interpretotion of acoustic signal
detection data. The lagged black rackfish exhibit high site fidelity and
relatively small 8home ranges.” At this release site, black rockfish
viewed in the same high relief area on different dates are likely the
same fish. Prasance ond absence on different receivers tend to co-occur
for some tagged rockfish, indicating the presence of social groupings.
Underwater site topography and detection data have suggested where
rockfish might preferentially be residing near the release site, enabling
design of future studies of black rockfish behavior. This work could in
turn enable site selection for future closure areas.

Is it Possible to Eradicate Invasive Species?

Jesse Schultz*, Washington State Department of Fish and Wildlife

Is it possible fo eradicate invosive species? The Department of Fish and
Wildlife is engaged in an effort to eradicate invasive marine tunicates

in Puget Sound that may answer this question. This project will describe
techniques used to conirol invasive tunicates and their success, and will
evaluate the likelihood of successfully eradicating invasive tunicates

in Puget Sound. The club tunicate {Styela clava), native to Asia, was
discovered in the siate of Washington in 1998. It is an invasive solitary
ascidain. It has no known natural predators in Washington; as a result
club tunicote populations are growing rapidly, out competing notive
species for space and food. This could create o serious problem for
shellfish aquaculiure. In April 2006, The Govemnor and the legisiature
gave the Department of Fish and Wildlife emergency funding for

the purpose of surveying to defermine the extent of the club tunicate
infestation in Puget Sound, to stop the population from spreading, and to
determine the potential costs of eradication efforts. Four marinas in two
harbors were found to have club tunicates. Due to the low population

at one of the marinas, the majority of that marina was cleaned of club
tunicate, leaving only three marinas in Washington infested with the
tunicates. To slow down the spread of club tunicates, WDFW cleaned
96% of infasted vessels at the marinas. With the work that has already
been done and only a couple known populations, the agency has made
a great start but is eradication possible? Eradication would have to be
done within a small time period to not allow the tunicates to repopulate
themselves. Over time eradicalicn of this animal may be possible, but
the forecast for the immediate future is less rosy given the current level of
effort and available funding.

Biological Responses to Offshore Artificial Habitats

Constructed in Puget Sound
Tony Parra®, Wayne Paisson, Washington Department of Fish & Wildlife

We examined how well artificial hebitats designed lo atiract juvenile
rockfishes functioned at an cffshore shoal in southern Puget Sound.

In 2004, WDFW deployed four arfificial habilats consisting of small
quarry rock on and near an existing artificial habitat at Toliva Shoel
that was originally intended fo aliract adult rockfishes and lingeod.
Biologists conducted scuba transects using the visual census technique
before and after habital construction at four matched impeact and
control sites. Sites were stratified by depth and location on or away from
existing artificial substrates. While adult and sub-adult rockfish densities
were higher at seven out of eight transecis after construclicn, modified
artificial habitats hod higher rockfish densities than their respective
controls. The highest densities of rockfish were observed at the deep
sites where existing adult rockfish habitats exist. Only three young-ofthe-
year rockfish were observed over a two-year period among all of the
offshore sites, while nearshore habitats in Puget Sound supported a high
sefflement of copper and quillback rockfishes in 2006. Cur results to
date suggest that offshore nursery habitats for rockfish do not function as
primary setilement sites but may attract sub-adults to small rock habitats.
How these fish become integrated into adult artificial habitats and the
implications for rockfish recovery efforts will be examined in future
years.

Restoration of Native Oysters in Fidalgo Bay, Washington
Paul Dinnel ™, Western Washington University
Belsy Peabody, Tristan Peter-Contesse, Puget Sound Restorafion Fund

The native or Olympia oyster, Ostrea conchaphila, once common in
Puget Sound, is struggling for survival in many locations due to past
over harvest and pollution. Skagit County Marine Resources Commitiee
(Skagit MRC), working in cooperation with Puget Sound Restoration
Fund and various community, business and tribal parmers, initiated

a project lo establish several native oyster reefs in Fidalgo Bay near
Anacortes, Washington. The primary restoration site, under a railrood
trestle in south Fidalgo Bay, has proven to be an excellent site. This
location has several areas of standing or llowing seawaler at extreme
low tides, is fairly remote from public disturbance and has been
enhanced by the addition of Pacific oyster shells. Seed on cultch planted
several times over the last four years have shown excellent survival and
growth, and there are signs of larval production. In addition, in 2006,
we tound clear signs that larval native oysters were selting on oyster
shells, wood and metal debris near the trestle site. Future challenges
include establishment of additional oyster reefs [multiple source
populations) and monitoring for the extent of lorval selement within

and beyond Fidalgo Bay.

Spatial and Temporal Variability of Groundfish Populations
in Proposed Marine Reserves of Skagit County,
Washington

J. Henry Vaiz*, Paul A. Dinnel, Shannon Point Marine Center, Western
Waoshington University

Among groundfishes, rockfishes [genus Sebastes) are some of the most
overfished species in the United States. Populations in Puget Sound
have declined rapidly over the lcst century; some rockfish species have
only ten percent of their historical reproductive output. To address this
problem, the Skagit County Marine Resources Committee has proposed
establishing notake marine reserves te protect groundfishes. The
majority of studies of groundfish populations in the northeast Pacific
have focused on summer distributions. The goal of this sludy wos o
relate intra-annucl dynamics of groundfish, especially rockfishes, to
physical and biolegical factors. Twentyfour dives were performed

over one year at six siles under consideration as Skagit County Marine
Reserves. Each dive consisted of eight 25-m transects where fish number
and size, plus bottom composition were measured. Inifial resulls show
that changes in season were a-saciated with changes in densilies of

the most abundont groundfishes {copper rockfish, kelp greenling,

and lingcod). Also, several physical and biclogical habital conditions
were strongly correloted to groundfish densilies. Because of the large
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seasonal trends and eHects of physical factors, more diverse sampling
regimes should be used and larger reserves should be considered to
compensate for the seasonal migration of groundfishes.

Pcod Meets Acod: Population Structure of Pacific Cod and
Implications for Biocomplexity

Lorenz Hauser®, Kathryn Cunningham, University of Washinglon

Ingrid Spies, Mike Canino, Alaska Fisheries Science Center

The extent of populalion structure in marine species is not only

relevant for the management of dependent fisheries but may also be
central to the ability of exploited species to withstand envirenmental
fluctuafions. Extensive research on Atlantic cod demonstrated fine scale
population structure, as well as differential survival omong genctypes
and exireme levels of differentiation at selected loci suggesting local
adaptation. Genetic data on Pacific ced, on the other hand, are

limited. Here, we present data from microsaieliites and the selected

Pani locus of Pacific cod across almost the entire geographic range in
comparison with results from Atlonfic cod. Results showed large genelic
divergence between Asian and American populations (F5T=0.042,
P<0.001}, suggesting secondary contact and reproductive isolation
between two major phylogeographic groups within the species.

Levels of differentiation along the North America coast were limited
(FST=0.0027, P<0.001), but followed an isolation-by-distance pattern
suggesting limited mean dispersal distances. An exception was a
sample from the Gulf of Georgia, which showed relatively high genetic
differentiation from all other samples, indicating the existence of isoloted
cod stocks in coastal waters of Washington and Brilish Columbia.
Further research is needed to resolve boundaries between east and west
Pacific populations, and to further investigate number and distribution of
localized stocks within both regions,

Volunteer Divers Monitor Invasive Tunicates And Stressed
Marine Life in Washington

Janna Nichols™, Washington Scuba Allionce, Reef Environmental
Education Foundotion

Recreational divers in Washington State are being trained to identify
invasive tunicates, When found, the divers report their presence to the
Puget Sound Action Team. A specially trained group of divers are then
able to confirm same of the sightings, and help remove the unwanted
species under a special permif through WDFW. Volunteer divers are
also contributing by doing monthly monitoring in Hood Canal at

8 different sites. Marine life is surveyed for presence/abundonce/
condition in 4 different depth zones year round. Divers also survey

for the presence of invasive tunicotes. During these surveys divers are
able to visually note which species are stressed, and which are found
outside their normai depth zones. Notes and photographs are taken
to document their condition. The data is made available online to any
agency or researcher. By using volunteer divers 1o help gather data
and observe marine life, the number of surveyors and amount of aren
covered is increased, and more invasive lunicate removal can take
place. The volunteer divers are members of Washington Scuba Alliance
{WSA) and Reef Environmental Education Foundation {REEF).

Poster Group 3:_ D;sion-Mdking and Modeling
Tools

Develop with Care: Implementing Environmental Protection
during Urban and Rural Land Development in Brifish
Columbia through Guidelines

Bob Cox, Marlene Caskey™, British Columbia Ministry of Environment
The Ministry of Environment {MoE} is concerned with helping
communities around the Georgia Basin maintain natural environmental
features as they develop and grow. These features help people stay
healthy through provision of Greenspace and outdoor recreational
opportunities, provide capacity for meefing notural disasters {such as

avoiding developments in floodplains and wildfire-prone areas) and
can lower overall infrastructure and maintenance costs. Sustainable
communities need fo incorporate environmental concepts inlo their
design. In response o the need for clternative stewardship processes,
MoE has created Devalop with Care: Enviranmental Guidelines

for Urkan and Rural Land Development in British Columbia (DWC
document). The DWC document incorporates the best available
science and legislated outhority to define environmental objeclives
and performonce targets which users of the guide are expecled to
achieve. It recommends critical items fo include in planning and bylaws,
and best proctices which may be followed to achieve these targets.

It also provides case studies of sustainable initiatives in communities
throughout the province, The purpose of this presentation is to examine
the environmental aspects of sustainable communities through an
introduction to the DWC. It will highlight why having the development
community use the DWC document has the potential to provide better
environmental protection than ever achieved before.

Assessment of a Three-Dimensional Models Prediction of
Near-Field Suspended Sediment Concentrations

Kevin Schock*, Bruce Nairn, King County

Stephen Breithaupt, Cheegwan Lee, Battelle (PNNL)

In the Duwamish Estuary in Seatile Washington, King County
investigated the application of a three-dimensional computer model for
near-field sediment deposition at @ Combined Sewer QOutfall (CSO).

In cooperation with Batielle {Pacific Northwest National Laboratory)
we applied the computer model to determine relevant settling
velocities and effect of grid size on inifial dilution and distribution of
suspended sediment concentrations near a CSO. Fine-grid model results
indicate good correlation between observed and simulated sediment
distributions near the C5O; these results define the relevant settling
velocity. Against these results, we compared two simple models: a
scaling model that determines relevant seftling velocities and dilution
model that describe effects of grid size on suspended sediment
concentration and distribution; we present these solutions in non-
dimensional terms. These simple relations provide a promising method
for defining the relevant sediment mass dischorged from o CSC and
effect of grid size on suspended sediment concentrations at the CSO,

An Assessment of Error in State Shoreline Designation for
Lakes of Washington

Peter Bahls *, Northwest Watershed Institute

Cary Kindberg, Micoh Wait, Jamie Glasgow, Washington Trout

Lakes that are 20 acres or farger in size meet the criteria for designation
and protection under the jurisdicfion of Washington's Shoreline
Management Act. However, since the original list of designated lakes
was established in 1972, biclogists have found some |ckes that meet
the size criteria bul were erroneously not designated as Sharelines.

The objectives of this project were 1o estimate the error rate in current
lake designation in the state and develop o reliable and costeffective
method that could be used by local governments to identify lakes that
meet the Shoreline criteria. We used GIS data to classify 8,888 lakes in
Washington based on their size and potential 1o meet Shoreline criteriq,
with additional cerial photo analysis and field verification for lakes
selected through random stratified sampling. Qur analysis indicates that
253 lakes, or approximately 25 percent of the total number of lakes
that meet Shoreline criteria in Washington State, ore not designoted or
protected under the Shoreline Manogement Act. We recommend that
the GIS shapefiles and lake classification data available on Washington
Trout's website be used to identify lakes in each local jurisdiction that
have a moderate to high probability of meeting Shereline criteria. For
each lake identifisd, a biclogist trained in Ordinary High Water Mark
determinalion by Washington Department of Ecology should conduct
field verification.



Alternative Futures Analysis for Bainbridge Island,
Washington

John Bolte®, Oregon State University

Dana Weoodruff, Pacific Northwest National Labs

There has been considerable interest by planners, community groups,
and researchers in developing and exploring alternative future scenarios
for community growth, development and protection of ecosystems and
ecosystem services. In response to this need, a software tool, Evoland
was developed to allow a policy-oriented approach to creating and
exploring a broad range of alternative future scenarios ronging from
conservation- to development-oriented strategies. Evoland is a spatially
explicit, muliogentbased modeling framework for anticipatory modeling
of landscape change under alternative future scenarios. Evoland
explicitly models landscape dynamics in response to coupled processes
of actor-based humon decisionrmaking, landscape service provision,

and autanomous landscape change, using a policy-centric approach

to represent and consirain decision-making. We are working with the
City of Bainbridge Island to adapt Evoland to meeting the needs of the
City for exploring alternative strategies for growth management and
assessing impact of these alternative strategies on ecological and social
concerns on the island. OF primary concern is impact of alternative
irajectories of change on lerrestrial ond nearshore habitat.

Managing, Storing and Sharing Natural Resource Project
Information & Water Quality Data
Tracy Bosen ™, Poladin Dota Systems

The collection, storoge & sharing of natural resource information is

one of the most important issues facing resource managers today.
Monitoring data, project task monagement, project locations [including
landowner information), funding income & expenses, & the files &
information associated with individual projects can be cumbersome to
store & share with pariners. Effective londscape/mapping information
management tools are needed to provide resource managers the ability
to view resource information from very small sub-watershed to very large
and complex regional scales.

Effective tools include:

= A system that is relatively simple & intuitive

= The ability to securely share information via web technology

= Ability to integrate with existing systems & information

* Ability to search & view infermation/projects by individual
walershed, monitoring station or regional planning unit

= Ability to use aerial and topographical maps & GIS layers

* Reporting capability to illustrale results and effectiveness

¢ Ability to spatially evaluate various watershed foctors

« Ability 1o review historical efforts when planning for future projects &
tunding requirements

Using current web technology natural resource managers can effectively
manage fime, siaff, funding, data, partnerships, and share information
spatially, securely and quickly.

Habitat Models and Land Use Management: Got
Wetlands?
Anna Kopitov*, Pierce County Planning and Land Services

Puget Sound critical areas are subject to greater land use pressures
from growing populations, Growth Management Act (GMA)
population targets and developers seeking to capitalize on rural lond
use conversions. Information regarding critical area locations, such

as wetland habitats, is often incomplete or nonexistent. Predictive
methods to identify and protect critical areas are essential but missing
components of land use management. Landscape-level analyses, or
habitat models, offer rapid quantitative methods for identifying potential
wetlond habitat areas. However, many rural areas do not have the
capacity to develop and implement these tools. Habitat models facilitate
interagency collaboration to enhance information relating to wetlands
occurrence. In an effort ko minimize negative environmental impacts to

critical areas, Pierce County, WA is combining the use of landscope
science and geogrophic information systems to assist jurisdictions in
identifying potential critical areas. Classification and regression trees
(CART) were used to predicl the occurrence of potential wetland areas
in three Pierce County jurisdictions. Resulls were then mopped using
geographic informetion systems {GIS). Suspect wetland areas were
verified using orthophotograph comparisons and field reconnaissance.
Initial results show promise for predicting the occurrence of wetlands on
varying rural landscopes.

A Hydrodynamic Simulation of a Conservative Tracer to
Evaluate Dispersion of Out-Migrating Salmen in Sinclair
Inlet, WA

Robert Johnston *, U.5. Novy Space ond Naval Warfare Systems Center
PF Wang, US Navy Space and Naval Warfare Systems Center, Son
Diego, CA

Doris Small, Washingtan Department of Fish and Wildlife, Port Orchord,
WA

Kurt Fresh, National Oceanic and Atmospheric Administration National
Fisheries Science Center, Seaitle, WA

A high resclution curvilinear 3-dimensional hydrodynamic model
{CH3D] for Sinclair and Dyes Inlets, Puget Sound, Washington was

set up to simulate the hydrological and tidal conditions present during
the release of hatchery-reared, juvenile Chinook salman from the

Gorst Creek Hatchery {May 19 - Jun 30, 2002). The madel was used
to simulate the salinity distribution and currents that occurred during

a catch and release ocutmigration sampling study conducted by the
Woshington State Deportment of Fish and Wildlife {WDFW) in Sinclair
Inlet. The model simulated the release of a conservative “trocer” that
corresponded to when the majority of the marked fish were released
into Gorst Creek. The model simulated dispersal of the “tracer” plume
as a lunction of tide and wind-driven currents and fresh water inflow
without any biological interaclions. The madel praduced a time series
of tracer concentrations in areas of the Inlet that were sampled during
WDFW’ s out-migration study. The model results were compared to fish
recapture rates to evaluate differences between fish density and the
tracer concentrations predicted by the model. The comparison indicated
that the ouk-migrating juvenile salmon remained in the Inlet about 3 to 7
days longer than expected from dispersion due to mixing alone.

Adapting Decision Making to Uncertainty and Complexity
when Addressing Sea Level Rise Response in Puget Sound
Alexander Pefersen ™, University of Washington

Edward Miles, Universtiy of Washington (Thesis Chair/Advisor)

Thomas Leschine, University of Washington (Committee member)
Douglas Canning, UW Climate Impacts Group (Committee member)

It is difficult for decision makers to deal with scientific uncertainty when
making public policy choices. These difficulties become particularly
apparent as local jurisdictions begin to address climate change and its
related impacts. Preparation and incorporation of climate predictions is
hampered by the complex nondinear nature of the climate system and
the variability of future climate scenarics. Additionally, the surrounding
institutional, legal and policy system is primarily linear. This difference in

structure increases the complexity of addressing climate change impaocts.

Sea level rise provides o relevant current forum with which to address
these issues. This study will focus on the locol institutional, legal, and
regulatory structure of Washington State, King County ond the City of
Seattle in order lo identify the key impediments to incorporating seo
level rise science and its associated unceriainty into decision making.
Building on this assessment, the study will determine the institutional and
regulatory context required to adequately address the issue. Finally, by
using a risk-based management approach within the local context, this
study will identity ways in which the impediments can be overcome, and
lead to the creotion of @ more robust framework capable of adapting to
ond incorparating the uncertainty associated with sea level rise.
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Seasonal Variability of Circulation in Hood Canal,
Washington Due to Changing River Discharge and Outside
Salinity: A Model Study

Mitsuhira Kawase *, University of Washington

Seasonal variability of the exchange cireulation in Hood Canal,
Washington is studied using a three-dimensional hydrodynamic model
of the circulation forced with climatological seasonal river discharge
ond salinity outside the mouth of the canal. River discharge and salinity
are varied both individually as well as together to study their relative
importance in generaling variability. Deep inflow into the canal has o
maximum transport in July and a minimum in January. With only the river
varying, the maximum transport occurs in February fi March, and the
minimum in QOctober; while with the external salinity varying, the peak

is in August i September and the minimum is in January. Both forcings
generate seasonal variabilifies of o comparable magnitude. There are
significant seasonal changes in the vertical structure of the inflow. The
peak inflow during August i September is concentrated at the bottem,
coinciding with the dense water intrusion. In November the inflow core
rises to mid-depth and stays there until the next August, while o weak
outward flow develops near the bottom. This switch between two- and
three-layer circulation agrees with the observed rising of the sequestered
oxygen minimum layer to just below the pycnocline in September, and
the subsequent mid-depth ventilation of the canal in winter and the
spring.

Detecting the Pattern of the “Red Edge” of Absarption

in Puget Sound from Satellite Measured Water-Leaving
Radiance

Rachel Halfhill*, Miles Logsdon, Leon Delwiche, University of
Washington

The normalized difference vegetative index (NDVI) has successfully
utilized the difference between red and infrared reflectance of plants
to map vegetalion on lend; however, remote sensing of primery
production in the open ocean has been limited to chlorophylla estimaltes
using shorter wavelengths at a 1 km resolution. This spatial resolution
is insufficient for the inland waters of Puget Sound. Using sotellite
measured reflectonce of normalized red and near infrared wavelengths
at a finer resolution [{250m), we compared in situ reflectance and
florescence measurements, We investigate the link between spatial and
temporal variation of the Red Edge Ratio [RER) to primary production
in Puget Sound where current remote sensing techniques are limited.
The spatial and temporal resolution of the MODIS Aqua sensor in the
red ond neor infrared wavelengths can resolve patterns in the water-
leaving radiance in Puget Sound using RER as a normalized difference
of the two wavelengths. tn situ measurements of RER show a negative
correlation with sotellite derived RER ot high values and a positive
correlation at lower values, There is a negative relationship between
Aorescence and satellite derived RER. Satellite derived RER may

prove useful as a remote sensing fechnique of algal blooms as better
atmospheric correction algorithms are developed.

Numerical Simulation of Hypoxia in Hood Canal,
Washington, USA

Bohyun Bahng®, Mitsuhiro Kawase, Jan Newton, Allan Devol, Wend|
Ruef, University of Washington

Circulation and biegeochemical variables in Hood Canal, Washington,
were simulated, using Regional Ocean Modeling System [ROMS). The
purpose was to hindcast the spacetime variation of dissolved oxygen
along with a nutrient-phytoplenkton-zooplankton subsystem {NPZO),
forced by river discharge, tide and salinity ot the open boundary, solar
radiation and wind at the surface of the Canal. Historical observation
data were used 1o prepare seasonal climatology of the boundary and
forcing conditions, The model was initially spun up for 270 days with the
physical forcing conditions. Afterwards, the NPZO system was spun up
for 125 days, and integrated further far 345 days. The simulation results

compare well with observed data from ship cruises and moorings.
The results indicate:

1. The surface outcropping of hypoxic waler may occur at some
locations, due to circulation change that is driven by © change in the
salinity gradient and wind stress during the fallo-winter season.

2. The magnitude of hypoxic condition at depth is likely controlled by
three mechanisms: nitrification of organic nitrogen; sediment oxygen
demand; open boundary condition, in the order of decreasing
importance

3. The onset of the yearly phytoplankton bloom occurs first around the
flow entrainment regions, which may cause a DO-minimum layer at
subsurface downstream, due to advection, sinking and re-mineralization.
4. The addition of riverine nutrients results in more oxygen demand at
depth due to enhanced produclion and sinking near the surface

Change in the Duwamish River Estuary: An Historic
Perspective

Nicolas Arcos, University of Washington, College of Architecture and
Urban Planning

Katrina Hoffman ™, University of Washington, School of Marine Affairs
Scot Stolnack, University of Washington, Scheol of Aquatic and Fishery
Sciences

Landscape features and ecosystem processes in the Duwamish River
estuary have been significantly altered by human activifies thal took
place between the mid-19th century and the present. Transformations in
the Duwamish estuary are explored using GIS, land use data, historic
photographs, and inquiries into public policy. Patterns of change are
investigated in space and time to discover correlations between public
policy, economic development, and land use

Design Considerations for a Participatory Decision
Support Web Portal to Enhance Puget Sound Nearshore
Improvement

Timothy Nyerges™, Umversity of Washington

Pratection and improvement of the Georgia Basin Puget Sound involve
large numbers of organizations and community groups at multiple
spatial and temporal scales - from international to local. Developments
of web-based information systems have shown litile progress to
support broad-based analytic-deliberative decision processes as

part of codlition building. However, recent information technology
developments, particularly those involving geospatial web portals,
are pointing in productive directions. A conceptual framework for
characterizing four pervasive decision processes - strategic planning,
improvement programming, project implementation, and emergency
management - and their associated spatial and temporal scales
provides a guideline for understanding the decision complexity that
must be addressed. Examples of participatory geospatial web portal
capabililies developed for regional transportation decision making
(www.pgisi.org) are presented to demonstrate analytic-deliberative
decision support capabilities that ¢could be useful to the Puget Sound
nearshore improvement effort. Design considerations for redeveloping
the web portol capabilities based upon the conclusions drawn from the
conceptual framework for characterizing the four pervasive decision
situations are presented and discussed.

Effects of Inverse Estuarine Circulation in Marginal Bays in
Greater Puget Sound

Skip Albertson™, Washinglon State Department of Ecology

Jun Newton, UW Applied Physics Lab

Most estuaries have fresher water at the head and saltier water at the
mouth, which drives a residual estuarine circulation. However, large
expulsions of buoyant freshwater down the main longitudinal axis of a
basin {e.g., Main, Whidbey, or Strait of Georgial can effectively pinch
off marginal embayments, inside which salinity and density remain
higher than at the mouth. This inversion in the density gradient causes



the net tidally-averaged residual flow pattern to become inverse and
increases the residence time of the bay. Factors leading to the creation
of an inverse salinity gradient are the mognitude and timing of riverine
input from unfrozen precipitation and warming that causes snowmelt.
IF the timing of a freshet coincides with the kinefic energy of a storm,
instead of lagging after it, the flushing potential of the storm could

be nullified by inversion, Could this be happening more frequently
with global warming since mid-winter precipitation is not stored in the
mountains as snowpack but instead released immediately as runoff?
Examples are given from Hood Canal, Sequim Bay, Discovery Bay
and elsewhere within the inland waters of Washington State. This effect
could play a role in stimulating hypoxia or other water quality issues
relaled to Hushing.

Low Cost Data Collection and Management

Darcy Wildermuth*, Kris Costello, WDFW

In an era of decreasing budgets and siaff, detailed data sets and
management of those data are cften the first effort to be sacrificed.
Technological advancements, such as electronic measuring boards
and dala loggers are designed to alleviate these problems, but are
costly, compounding budgetary issues. Washington Department of
Fish and Wildlife has developed several systems designed to allow

for the collection of large volumes of detailed data at relatively low
cosl. These systems are easy to operate, rugged enough to withstand
the field environment and require enly a small amount of lab fime to
manipulate into ¢ standardized dolabase. These systems include: 1) o
lak system that electronically records length and weight using calipers
and scale which mainiains that information in an Excel spreadsheet for
the cost of the calipers and scale; 2) a PDA based system for collecting
a variety of field dato maintained in Excel or Access for about $ 300,
with an optional geacoding feature for an edditional $250; and 3)

an Intelligent Charocter Recognition [ICR) scanner based system that
compiles hand written data inte an Accass database, for about $500.
These systems decrecse errors associated with data entry end total staff
time without the increased cost and time loss of using professional date
entry staff. In addition the ICR based system allows for the inclusion of
data by non-staff members including the public. All of these systems are
easily modified to fit most dataset.

Habitat Conservation Planning for Washington's State-
Owned Aquatic Lands

David Palazzi*, Carol Piening, Linda Wagoner, Carol Cloen,
Washington State Depl. of Natural Resources

The Washington State Department of Natural Resources [DNR)is
completing an ecosystem-based multiple species Habitat Conservation
Plan (HCPjfor the state's aqualic lands under the Endangered Species
Act. In support of the HCP, DNR has developed scientific information
that characterized the potential impacts of its monagement activities on
108 species of plants and animals that use state-owned aquatic lands
for breeding, foraging, and rearing and identified the location of certain
habitats, species use of habitats, and inferactions between aguatic
habitat that occur on state-owned aquatic lands. This information along
with a coarse synopsis of the location of DNR authorized activilies and
state aquatic land ownership was integrated into a polential effects
model to eslimate where and to what extent DNR's authorized activities
are effecting birds, fish, marine mammals and amphibians ond their
associcted habitat. The medel guided DNR to propose 21 species and
seven aqualic land use activities for coverage under the HCP. Specific
conservation and stewardship actions will be developed and adopted
to offsel the impacts of DNR’s authorized activities. DNR's HCP has
been identified by the Governor’s Puget Sound Partnership as one of
seven "key immediate priority actions” for profecting existing habitat
and preventing further habital losses in Washington.

Poster Group 4: Ecosystem Indicators and
Restoration

Dam and Culvert Removal in the PNW: American Rivers’
Experience

Ross Freeman *, American Rivers

Qur nation’s rivers are plugged with 80,000+ dams over 4t tall and
many thousands of smaller structures. Many are old and cbsolete,
some are abandoned, others no longer serve their intended purpose.
In the PNW, undersized or malfunctioning culverts are one of the most
common fish passage barrier problems. American Rivers is deeply
involved in river restoration and protection nationwide to benefit fish,
wildlife and people; in the Northwest, we orgonize this wark around
salmon recovery. For 10 years we have promoted the benefits of dam
removal, and many communities now employ the approach to restore
healthy function, and implement fish passage, on their local rivers.
Whereas large-scale dam removal can be conlentious, highly complex,
and even involve litigation, small removals typically generate minimal
opposition and can be cccomplished in months, not years. Since
2001, we have partnered with NOAA' s Community-based Restoration
Progrem to remove dams, culverts, and obstructions in streams and
rivers that block salmon, steelhead, alewife, American shad, and other
migratory species. To date, we have awarded $2Millian nationwide
to help remove dozens of unwanted structures and complate feasibility
studies on many more. In 2005, we extended the partnership to the
PNW, providing funding, technical assistance, and permitting support.
This presentation will axplore several PNW case studies from the past
two years, and address monitoring efforts and local stewardship.

Current and Historic Geomorphic Mapping of Central
Puget Sound Marine Shores with Conservation and
Restoration Recommendations

Jim Johannessen, Andrea Moclennan®, Coastal Geologic Services
Aundrea McBride, Skagit River Systems Cocperative

This study initiated by King County Department of Natural Resources
and Parks as part of a larger solmon conservation planning effort.

It focused on 120 lineal miles of the lorgely urbanized marine
environment of King Counly and southern Snohomish County. Current
geomorphic conditions were mapped in the field, followed by research
into the historic condition of all currently modified shores. . Comparison
of current conditions with historic conditions mapping revealed that
widespread and far reaching changes to coastal processes have
occurred the nearshore in the study area. For example, historically,
sediment source blufts accounted for at least 50.3% of the study

areo, compared to 18.4% of the study area under current conditions.
Following the completion of current and historic conditions mopping

a study areo wide pricritization of all potential restoration and
conservation sites was performed at landscape and drift cell scales.
These resulis can be used to characterize ecosystem processes {which
is required for current shoreline master program updates), quantitatively
prioritize restoration and conservation projects, and further
understanding of the impacts that development has had on ceastal
geomorphic processes in this largely urbanized marine anvironment.

Long-Term Trends in Biotic Conditions Around the lona
Ovutfall in the Context of the Greater BC Coast

Brenda Burd*, Ecostat Research Lid

Stan Bertold, Greater Voncouver Regional District

Following the revision of the lona outfall manitoring program bosed
on external consultant’ s review in 1999, o detailed, extensive and
consistent 7-year databese of benthic infauna and related sediment
physical, geochemical and contaminant information is available.
Trends in biotic responses Io the outfall, primarily based an organic
enrichment, will be examined. Localized changes related to the outtall
will be described, along with observed effects from externcl influences
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unrelated 1o ilie outfall. The general benthic biotic condition of the lona
receiving environment region will then be placed in context with other
areos within the Strait of Georgia, and the rest of BC, using an extensive
coast-wide database for which common biotic thresholds have been
assessed.

An Ecological Risk Assessment of POP Exposure and
Toxicity in Free-Ranging Harbour Seals

Lizzy Mos*, Marc Cameron, Hemmera

Donna Cullon, Institute of Ocean Sciences

Ben Koop, University of Victoria

Peter Ross, Institute of Ocean Sciences

Marine mammals are exposed 1o elevated concentrations of persistent
organic pollutants (POPs) that have been associated with reproductive
failure, endocrine disruption and immunotoxicity. The complex mixtures
in which these contaminants circulate the environment, and therefore
expose wildlife species, often impede the evaluation of health risks.

For this ecological risk assessment, free-ranging harbour seal (Phoca
vitulina} pups {n=43) were sampled along a gradient of contaminant
concentrations in the coastal waters of British Columbia, Canada and
Washington State, USA, and evaluated as sentinels of marine mammal
health. Prioritization of the PCPs using hazard quotients indicated that
polychlorinated biphenyls (PCBs} represented the largest toxicological
risk. Estimated dietary intokes of PCBs by seals, and in nursing seal pups
in particular, exceeded many regulatory guidelines for the protection of
fish-eating wildlife, suggesting that these contaminants may adversely
affect their health. A biomarker approach, documenting significant
correlations between PCB concentrations and measures of immune and
endocrine function further supported this notion. Bosed on a statistical
approach integrating biomarker data, we derived o guideline for the
protection of marine mammal health, including its nursing life stage
with greatly increased exposure and high sensitivity to PCB-associated
developmental effects. This novel reference value underscores

the vulnerability of many marine mammal populations inhabiting
contaminated coaslal regions to increased incidence of disease and
reduced reproduction.

Removing Creosote Wood Debris on Beaches in the
Northwest Straits

Ginny Broadhurst®, Northwest Straits Commission

Lisa Kaufman, Washington Dept of Natural Resources

The Northwest Straits Commission (NWSC) and Washington
Department of Natural Rescurces [DNR) are working to remove
creosate and other freated wood debris from beaches throughout the
Northwest Straits. Woed debris notyrally occurs on beaches throughout
the Northwest Strails region. A significant portion of this debris however,
comes from derelict piers, docks and other structures and is heavily
laden with creosote. Whether freshly washed up or buried in sand for
decades, this wood leaches creosote continually. Creosote contoins
several hundred chemicals, many of which are known to be hazardous.
Initial field surveys showed opproximately 20-30% of occumulated
wood debris at some sites was treated with creosote. Further surveys
and removal operations have produced data on actual tonnage of
crecsote and other treated wood debris at levels above initial estimates.
Maps are being produced that illustrate different accumulations at
different sites. Since 2002, this pertnership has removed over 400 tons
of contaminated materials from shorelines in a highly cost effective
manner. Surveys have ulilized trained volunieers and collected date on
GPS units. Removal operations employ work crews and either barges
or helicopters to transport wood 1o disposal containers. DNR is olso
removing creosote pilings throughout Puget Sound in order o eliminate
a major source of this problematic marine debris.

Managing Ecosystem Services for Puget Sound Restoration
- Multi-resource Credit Trading and Stacking
Jan Cassin*, Kevin Halsey, Kenna Halsey, Mark Viahakis, Kevin Benck,

Parametrix

Puget Sound restoration faces significant challenges - increased
competition for money, limited sites, consistent regional prioritization,
and muliiple sometimes conflicting restoration inifiatives. Alternative
mitigation strategies including mitigation banking, regional watershed
mitigation, and natural resource offsets or trading have great potential
for Puget Sound. The global success of environmental trading systems
suggests the potential of market approaches, but to achieve ecosystem
restoration, trading systems must accommodate multiple resources. We
discuss innovative new tools for multiresource banking, and associated
policy challenges: “double-dipping” of credits,regulatory compliance,
guaranteeing increased environmental benefits. We focus on the
development of tools and databases for implementing mitigation of
multiple resource impacts [salmon, water quality, storm water, wetlands)
at regional banks in Puget Sound using an innovative accounting system
based cn an index of habitat integrity. This allows watershed-specific,
systematic evaluation of: mitigation and restoration needs, existing
functional condition, functional restoration needs, and where restoration
will have the greatest benefit. These tools can support the development
of private entrepreneuricl banks and facilitcte innovative public-private
partnerships for conservation and restoration planning in Puget Sound.

Using Large Woody Debris to Restore Geomorphic Process
and Floodplain Connecdtivity in a Regulated River System
Abigail Hook, Tulalip Tribes

Elizabeth Ablow™, Seattle City Light

Tim Abbe, Herrera Environmental Conusltants

Scott Powell, Seattle City Light

David Chapin, Seattle Public Utilities

The presence of large woedy debris in Pacific Northwest streams and
rivers has been shown to create and maintain habilat pracesses through
providing storage for gravels, promoting lateral recruitment of sediment
and riparian wood, and praviding instream structure and complexity. As
a result of regulated flows and depressed riparian recruitment potential,
current instream limiting factors for many species can be linked directly
to a paucity of inslream wood. We used engineered log joms (EL) and
strategic placement of individual “key member” logs in a high energy
gravelbedded regulated river in western Washingten to increase the
frequency of gravel patches for salmenid spawning, octivate historic
channels used for juvenile rearing, and augment clder natural jams with
high levels of decay. This system had been altered by the interruption of
sediment routing fram the upstream dam as well as logging that resulted
in the removal of instream wood and decreased recruitment potential.
Wood placement facused on sites where ELls could create sufficient
hydraulic head io reconnect Hoodplain channels and where individual
logs would remain stable and irap sediment and organic debris. Results
after one water year indicate that 498 m and 298 m of lateral channel
has been actlivated at each of the respective E1] sites. In 2006, focies
around each of the installalions have been mapped in order to create
a boseline for monitoring future gravel retention. This technique shows
grect restoration potenfial, particularly in dam regulated systems as

it requires neither additional How nor any costly gravel augmentation
affort.

Millkown Island Levee Removal

Steve Hinton*, Greg Hood, Jeff Parr, Mike Olis, Skagit River System
Cooperative

This presentation focus on the planning, implementation and monitoring
of an estuarine restoration project involving the removal of a relic levee
system using explosives. The project is located on Milltown Island ,
South fork of the Skagit River. Where over 30,000 Ibs of explosives
were used to demolish just under a mile of historic levee abandoned
after 1976 flocding breached the levee system. Owned by the
Washington Department of Fish & Wildlife the 375 acre island has been
left follow but has shown limited progression toward natural estuarine
marsh conditions. Relic levees and drainage channels are belived to



impeed hydraulic processes that should drive the development of tidal
channel networks and native vegetation, The presentation highlights
actions taken to restore hydrology and results from first year monitoring
efforts,

Fornsby Creek Restoration Project: Self-Regulating
Tidegates and Estuary Restoration

Todd Mitchell*, Karen Mitcheil, Rache! LovellFord, Sarah Akin,
Swinomish Water Resources

Steve Hinton, Skagit River System Cooperative

The Fornsby Creek Self-Regulating Tidegate (SRT) project is a fish
passage and habitat restoration project located on the Swinomish
Reservation along the Swinomish Channel of the Skagit River delta in
Washington State. This project seeks to strike a balance with current
and huture agricultural land use by promoting hydroulic conrectivity
ond exchange coupled with restoration plantings to stimulate riparian
recovery. The political will to use iribal land and funds provided an
excellent opportunity to test SRT' s in the Skagit Valley. Given the
controversial nature of installing and using SRTs and possibly eHecting
adjacent agricultural production, this project has implemented a very
robust water quality monitoring program to evaluate the effecrs, if any,
to farmland and effectiveness of fish passage and riparian recovery.
This project will reopen and allow access to more than five miles of
channel to juvenile salmonids by replacing existing impassible tidegates
with fish passable SRT” s. Restoration on 2 of the 5 miles of channelized
ditches will increase water storage and exchange. Steady chloride
cancentrations in groundwater and surface water sampling sites have
been reported since monitoring began in December 2003. Average
maximum surface water levels have risen approximately 1 f in elevation
over the pre-project elevation since the installation of the barn door SRT.

Strategies for Developing a Fish Friendly Shoreline on Lake
Washington

Ruth Howell®, Gregg Casad, Schocl of Marine Affairs, University of
Washington

Bryon Russo, Kelli Roberts, Material Science Engineering, UW

Dave Fries, Master Program in Arts and Policy, UW

Located within a major urban area, Loke Weshington is the second
largest natural lake in the state of Washington at opproximately 21,500
acres. Ecologically, the Icke serves an importani role for several runs

of salmon species, most notably the run of the endongered Chincok
salmon on the Cedar River. However, os a highly urbanized lake with
an estimated 82% of the >80-miles of shoreline hardened and an
additional 2,500 docks and piers, the current shoreline conditions
create a non-functional riparian habitat defrimental to migrating salmen
popvlations and particularly rearing juvenile Chincck. In the fall of
2006, a team of University of Washington graduate students joined
representatives from NCAA' s Sand Point facility to assess the social
barriers to fish-friendly restoration projects along Lake Washington' s
shoreline. The team created a spatial sacio-economic characterization
of Lake Washington, inventoried the regulatory framework governing
shoreline restoration, and interviewed private property owners to assass
potential barriers to conducting fish-triendly restoration. These interviews
focused en identifying potenticl barriers such as regulatery and
permitting obstacles, information asymmetry, perceived risks to property
(including property value), and life<ycle costs of shoreline projects. This
research serves as an initial slep towards designing and implementing
an cutreach program infended to educate and encourage soft shoreline
restoration in Lake Washington.

Developing a Strategic Framework to Guide Shoreline
Enhancement and Restoration Along the Seattle-to-Everett
Railroad Grade

Hugh Shipman *, Washington Department of Ecology

The railroad grade between Seottle and Evereft represents a unique
opportunity for nearshore restoralion - within the limited consiraints

of railroad ownership and expanding operations. The railroad, built
around 1900, modified the gecmarphic landscope and continues te
impact geomorphic processes. Railroad construction buried the upper
beach, cltered stream mouths and barrier eslucries, and reduced
erosion of the coastal biuffs, removing the primary sediment source for
this reach of shoreline. Discussions of nearshore restoration oftan involve
suggestions of using beach nourishment seaward of the tracks to replace
lost sediment supply and to restore upper beach functions. Isolated
examples of such approoches already exist. We examine factors
influencing sediment delivery ond transport along the railroad, including
historic erosion, longshore drift, shoreline configuration, and sediment
size, and how they inform decisions about where and how te potentially
place sediment in the future. We outline @ conceptual framework

for restoration planning along this reach of shoreline. Projects will
continue to be brought farward by property owners, local communities,
restoration organizations, and by the railroad itself. What is needed

is a strategic, reach-scale framework for guiding and evoluating these
proposals.

The Estuary and Solmon Restoration Program for Puget
Sound

Rondy Carman®, Washington Department of Fish & Wildiife

Doug Myers, Puget Sound Action Team

A total of $2.5 million was provided to the Washington Department of
Fish and Wildlite {(WDFW) in 2006 by the Washington Stale Legislature
1o fund shoreline restoration projects in Puget Sound. Established under
the Estuary and Salmon Restoretion Program (ESRP), this funding

was part of Governor Christine Gregoire’ s Puget Sound Initiafive.

The focus of this funding was to support local efforts to restore Puget
Sound estuaries and preserve natural shorelines to benefit salmon.

To delermine best use of bunds, select members of the Pugel Sound
Nearshore Parmership (PSNP) Implementation Teom developed ranking
criteria that odhere 1o guiding restoration principles developed under
the Puget Sound Nearshore Ecosyslem Restoration Project (PSNERP).
Aword recommendations developed by the Implementation Team
members were reviewed by select members of the PSNP Science

Team and presented lo the PSNP Steering and Execulive Commitiees
for approval. PSNP is a cooperative effort cochaired by WDFW and
the U.S. Army Corps of Engineers with a membership that includes
seven federal agencies, tribes, local governments, stale agencies

and non-governmental organizations. Unique to this program is the
acknowledgement that oll the phases leading to ultimate onthe-ground
restoration, such as feasibility studies, hydrodynamic medeling, and
development of design alternatives, are necessary investments that
improve the effectiveness of projects. In addition, several projects

that received funds threugh ESRP were improved beyond their initial
scope with incremental supplemental investments for development of
monitoring plans or inclusion of education and outreach programs.
Funds were used to match other local, state and federal funding to
implement nine estuary and shoreline conservation and restoration
projects with a total value of more than $20 million from Bellingham to
Olympia. Projects awarded funding represented a broad spectrum of
restoration aclivities including dike breaching, dike removal, and marsh
restoration, as well as restoration design, feasibility studies, acquisifion,
and monitoring plan development. The range of activities funded
through the ESRP provides an opporiunity to complele several important
restoration projects while advancing our knowledge of the Sound
through strong menitering plans that track project performance and will
inform future decisions.

Urban Greenspaces: Mapping Protected Status and
Indicators of Function to Identify Opportunities and Risk
Frank Lecneti *, Craig Young, Laura Audette, Darla Boyer, Suzanne
Brunzell, Snohomish County

Urban greenspaces in North Creek, Snohomish County, WA including
Native Growth Protection Areas [NGPAs), designated Open Space,
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parks, conservation easements, and other pertinent land use codes,
were identified and mapped using county-wide datasets in ArcGIS.
Greenspaces located on unprotected private property were also
mapped based on simple decision criteria. Data included the
Snohomish County Assessor” s parcel layer, Plonning and Development
Services [PDS) Department plat database and shapefiles back to 1995,
and the Snohomish County Auditor” s publicly recorded documents
relating to plats, easements, and critical area site plans. Based on
these data sources many greenspaces not encumbered in individual
tracts were headsup digitized. The final accumulation of protected
parcels or boundaries was clipped in GIS for general comparison to
unprotected percels and North Creek as a whole. We documenied
2036 greenspace parcals or boundaries totaling 4061 acres or
approximately 22% of the watershed area. The average greenspace
area was 2.8 acres. Based on these mapping outputs, we will highlight
additional results related to mapping land cover in urban greenspaces
as one indicator of functions ond values present, evaluate corridor
continuity or gaps in protection, and estimate huture risk to mapped
vrban greenspaces. We will offer ideas for luture management of
urban greenspaces that support salmon recovery, NPDES and TMDL
compliance and quality of life for a variety of end users.

Poster Group 5: Monitoring and Evaluation

An Evaluation of Shoreline Stabilization and Erosion
Control Alternatives, Puget Sound, Washington

Wendy Gerstel*, Applied Research - privaie company

Jennifer Brown, IFB Environmental, LLC

Adverse impacts of shoreline armoring, exceeding 75% in some
counties of Washington State” s Puget Sound, hos lead to increased
bulkhead permit application scrutiny by regulating agencies, and
increased interest in alternative slope stabilization and beach restoration
technigues. This study, invesligating more than 17 sites around

Puget Sound, is the first to systemalically evaluate these allernatives.
Alternative techniques included anchoring wood, importing beach
sediment, restoring beach width and gradient, customized slope
engineering, and planling vegetation. We investigated the geology,
geomorphic processes, and vegetation at each site. We interviewed
landowners and contractors on the permitting hurdles, design and
construction complexities, and project objectives and perfermance.
Landowners were generally pleased to have implemented allernatives,
although many fel poorly informed on how and why to use them.
Contractors believed they would benefit from better guidance on
material resources and design specifications. Project installations were
generclly in good condition; however, where we noted inadequate
site characterizolion we found potentially unnecessary shoreline
modification. Observed slope instability ot these sites might have been
betier mitigated, and at less cost, with improved upland groundwater
and vegeltation management. We recommend permits be conditioned
with existing state and county guidelines addressing these issue.

Physical Beach Monitoring of Urbanized Puget Sound
Beach Nourishment Sites

Jim lohannessen, Jonathan Waggoner*, Coastal Geologic Services
Soft shore protection through beach nourishment is of great interest in
the Puget Sound area with coastal property managers and regulators.
Beach nourishment projects have been installed as environmentally
acceptable erosicn conirol projects since the negative impacts of “hard”
bulkheading have become more clecr. Despite the gaining popularity of
beach nourishment little physical monitoring data exists and ecological
monitoring dota is near non-existent. This poster summarizes the results
of quantitaiive physical beach monitering at five Puget Sound beach
nourishment projects. Projects outlined include public beach parks,

road protection, and beneficial re-use of dredge sediment, and are
located from Seahurst Park in Burien, to Birch Bay Drive in Whatcom

County, WA. These beach nourishment projects typically rebuilt the
hightide beach to protect property and homes. These projects have also
benefited nearshore hobitats through the introduction of littoral sediment,
woody debris, revegetation, shode, and increased shoreline complexity.
Physical monitoring results have documented relatively stability at some
sites and the need for maintenance at other sites. Beach nourishment
offers one approach for management of urbanized shores in the context
of rising sea levels.

Performance of Benthic Cautions, Warnings and Triggers
for the GVRD Marine Outfall Receiving Environments
Brenda Burd*, Ecostat Research Lid

Alber! van Roodselaar, Stan Bertold, Greater Vancouver Regiona!
District

The submission of the extensive Caulions, Warnings and Triggers
program for the GVRD ouffalls in January of 2004 provided a
fremewaork for managing the outfall discharges lo ensure that no adverse
changes occurred in the receiving environment. However, this framework
was based on monitoring data and research reports available to that
point, with the understanding that it was an odaptive process, to be
assessed and updated as new information became available. Since
then, the menitoring programs for the marine outfalls hove continued.

An update on the performance of the cautions, warnings and triggers
for detecting change in the receiving environments of the marine outfalls
will be described. This will include a re-evaluation of indicators, levels,
and how the indicaters track the extent of known effects related to the
outfalls, and any regional shifts unrelated to the outfalls.

High-Frequency Real-Time Water Quality Data Collection in
Elliott Bay

Bob Kruger®, Angela Grout, King County

A Multiparameler sonde was installed along the eastern shore of Ellioft
Bay {Central Puget Sound) for a period of one year [November 27,
2005 1o November 27, 2006) to measure reaHime water quality. The
sonde was interfaced with a Data Acquisition System which allowed
for realiime data acquisition, storage and review via the internet. The
parameters analyzed were temperature, conductivity, salinity, depth,
dissolved oxygen, chlorophyll and turbidity. The data were reviewed
weekly. Sondes were calibrated when required and physical water
quality control samples were collected on an intermittant basis. The
major goals of this project were to test the hardware and software of
the system by evaluating the following: Ease of setup, robustness of

the physical hardware {dalalegger, solar panels, cabling and sonde

in a marine environment), power manogement, calibration frequency
requirements, and data management quality (telemeiry system, web
interface, datcbase reliability). Aside from the maijor testing goals,

the data collected allowed us to evaluate influences of the Duwamish
River, seasonal water quality trends in Elliott Bay and helped the Seattle
Aquarium with their water quality monitoring program.

Avian Response to Estuarine Restoration Via Dike Removal
Daniel Hull, Nisqually Reach Nature Center
Karen Myers™, USFWS Biologist

In 2003, the Nisqually Reach Noture Center begon a citizen science
bird monitoring program to investigate how avian populations would
respond fo estuarine restoration accomplished as part of a dike removal
project. As part of a phased restoration process, the Nisqually Tribe has
reconnected a total of 40 acres of former pastureland to Red Saimon
Slough in the Nisqually River Delta since 2002, with an additional 100
acres reconnected in September of 2006. The bird monitoring survey
data was coliected by Nisqually Reach Mature Center volunieers, ond
spanned from July 2003 to August 2006. Over 16 individuals, many of
them professional or amateur birders, collectively volunteered over 730
hours for this task, making consistent monthly visits ta the site throughout
the 2-year survey period. Over 97 species of birds have been observed
lo date using the restored estuarine hobitat, including waterfowd,



shorebirds, raptors, and passerines.

A Discrete Simulation Model of the Impact on the
Sustainable Level of Simon Fraser University Parking
Service at Burnaby Campus

Tim Li*, Simon Fraser University

Simon Fraser University (SFU} Burnaby Mountain campus hos been
thought of running out of parking availability with constantly increasing
commuter population growth and campus extension in near future.

This report will address this issue with a discrete simulation model to
maintain acceptable utility/level of SFU parking service at Burnaby
campus in response to the increasing demand driven from campus
commuter parking during the impact of campus construction in 20 years
by implemenling two management alternatives; First scenario increase
in number of residents on campus, and secondly annual increase in size
of permanent parking lot. The beseline model revealad that in 20 years
the campus could achieve sustainable level of 25%. The entire model
alsa illustrated thet the level of parking service was somewhat sensilive
to change in growth of resident population on campus as well as in stall
population. The model overall indicoted that to avoid hitting below the
minimum level 25% of parking service in long run, increase in resident
population will not ultimately help in terms of maintaining above the
acceptable level. In other words, the result of the model suggests that
someday after 20 years the parking service will drop below that level.
Therefore, for the long term sustainability of parking service, the madel
with some degree of modificaticns could be operated with finding out
more other alternatives.

A Vertical Geologic Strip Map and Landslide Inventory of
the Tulalip Tribes Reservation Shoreline of Puget Sound,
Tulalip, Washington

Todd Zackey ™, Tuldlip Tribes

Wendy Gerstel

This poster presents the methods and resulis of our aftempt to map

both the geclogy and location of landslides along the shoreline of the
Tulalip Tribes Reservation in Washington State. Our objectives were

to identify and characterize sediment input sources and processes

along approximately 25km of coastal bluffs. Given the nature of

the near-vertical bluffs, which commonly exceed 100 m in height,
accurate mapping had to be carried out at large scales with detailed
topography. We first used LIDAR data to generate profiles of the bluffs
at exposed areas. We then used a GPS linked to o laser rangefinder to
locale geologic contacts and landslides. The final product was a vertical
“strip map” linked 1o landslide inventory data, photographs, geologic
cross sections, and previously-interpreted well logs. This project was part
of o larger, federcliy-funded project to inventary and assess nearshore
marine habitat and water quality. The information is being used by tribal
planners and regulators in the development of land-use and habitat
monagement sirategies on the reservation.

Modelling and Mapping Critical 5 and N Depostion Loads
for Forest Soils in the Georgia Basin, BC

Paul Arp*, Jae QOgilvie, Mark Castonguay, UNB

This poster illustrates the approach taken to model and map critical §
and N load [CL) and exceedances of forest soils within the Geargio
Basin, based on an upland-wetland delineation ot high resolution

{10 m). This poster outlines the basic modeling steps, and shows the
composition of the various datalayers use for synthesizing the critical
load map, ond likely exceedances incurred. Included is the process thot
ollows for a sharp and systematic delineation of soils that are generally
well drained from soils that are not. Critical N loads are much affected
by soil drainage status: peorly drained soils tend to denitrify while
adding dissolved organic nitrogen {DON) to stream water; upland soils
on stesp terrain tend not to denitrify, and may deliver DON to streams,
but only during periods of surface run off. The approach is based

on estimating nutrient supply and demand of the growing forest, in
equivalents per hectare per year. This approach alse deals with steady-
state and dynamic CL assessments, with the {atter used to asceriain
base-colion deplelion rates in response to actual and projected S and N
emission and deposition targets.

Assessing Climate-Induced Threats on Alpine Biodiversity
in Southwestern British Columbia: Establishing the First
Canadian Sites of the Global Observation Research
Initiative in Alpine Environments (GLORIA)

Kristina Swerhun®, University of Victoria

The aim of this project is to assess climate-induced threats on alpine
biodiversity on southern Vancouver Island {Mount Arrowsmith Biosphere
Reserve) and in the Whistler area [Garibaldi Park). The research
methods used will include the Georgia Besin in an international

project know s the Global Observation Research Initiative in Alpine
environments (GLORIA]. The GLORIA project was established in Europe
to standardize alpine monitering in order for it to be comparable
around the world for the first lime. By contribuling fo a strong global
network of longterm alpine moniloring sites {designed to exist in
perpetuily), this project helps develop a powerful toal for evaluating the
implications of climate-induced threats on high-mountain ecosystems. OF
the 47 aclive research sites globally, these are the first within Canadc.
The study in the Georgia Basin is part of a masters of science thesis ond
included compiling historical climate, geological and biodiversity data,
establishing permanent study plots on four summits in ecch study area,
creating boseline vasculor plant inventories, documenting cover types,
seffing up photo monitoring, and also installing temperalure loggers
aiming to document microclimates. Data analysis reveals what factors
might be controlling biodiversity in these alpine areas and also give
insight to the type of plant communilies found.

Shoreline Impact from Residential Development on
Vashon-Maury Island

Justin Boevers*, Katrina Lassiter, Mory Ramirez, University of
Washington

Vashon-Maury Island [VMI) is an unincorporated rural community in
central Puget Sound that is included in o shoreline change analysis
conducted through the Puget Sound Nearshore Ecosystem Restoration
Project. YMI contains almost 50% of King County’s shoreline, with o
lower population density and a slower population growth rate than the
county averages. The residential development on VMI has remained
moslly rural and is a defining characteristic of the island. Constraints
such as water availability, difficulty of travel to and from the island,
and a desire to retain a rural identity has limited growth. However, as
ferry transportation enables more convenient commuling, technology
allows for mare telacommuting opportunities, and property values
relative to neighboring Seattle are reasonable, this once somewhat
isolated communily is becoming more desirable and faces development
issues that already exist omong many other coastal communities. This
analysis concludes that residential development is the primary driver of
shoreline change on VMI. Furthermore, the size and shape of shoreline
parcels, resembling a configuration of ‘piano keys,” is correlated to

the frequency of shoreline armoring. With an increasing demand to
live on VM, residential shoreline development and shoreline armoring
should expand, resulting in increasing negative impacis on nearshore
ecosystemn processes.

Changes and Trends in Puget Sound Sediments: Results
of the Puget Sound Assessment and Monitoring Program,
1989-2005

Valerie Partridge *, Sendra Aasen, Margaret Dutch, Washington State
Department of Ecology

As part of the Puget Sound Assessment and Monitoring Program, the
Washington State Department of Ecology sampled sediments at ten
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fixed monitoring stations in Puget Sound each spring from 1989.2006
to assess sediment quality and characterize benthic macroinvertebrate
communities. One goal of the program is to determine changes and
trends in levels of chemical contaminants at 5-year intervals. Between
1989-1996 and 2000, humandriven changes in contaminants included
decreases in metals concentrations and increases in polycyclic aromatic
hydrocarbons {PAHs). Preliminary updates of condition and analyses of
trends based on the 2005 sampling for chemiccl contaminants will be
presenled.

Washington State’s Mooring-Based Marine Water Quality
Monitering Program
Brian Grantham™, Stephanie Jaeger, WA State Dept of Ecology

The Washington State Department of Ecology monitors marine water
quality using monthly float plane-based sampling. However, although
these datc are useful for examining seascnal or longer trends, they
cannot resolve high frequency fluctuations in parameters such as
dissolved oxygen which can have important consequences for marine
acosyslems. Recognizing the nead for greater temporal resolution,
Ecology began development of a mooring-based monitoring program
in 1997 with the installation of four stations in Willapa Bay. Ecology
currently has 2 efforts underway to develop ond expand its mooring-
based monitoring program - a NANOQS Pilot Project and an Ecology
Urban Harbors Monitoring Project. The NANCOS Pilot brings together
existing Oragon and Waoshington monitoring systems to develop

the Pacific Northwest components of @ national integrated ocean
observing system {IOOS). The Urban Harbors Monitoring project is
designed to demonstrate the feasibility and ufility of providing realtime
monitoring of water quality in Hood Canal and South Puget Sound
locations experiencing, or at risk for, severe hypoxia. Both projects
take advantage of the expertise and IT infrastructure provided by the
Qregon Health and Sciences University [OHSU) monitoring network for
the lower Columbia River. This poster describes progress on both these
projects, as well as the current status and future plans for Ecology's
complete mooring-based monitoring system.

Comparison of Marine Bird Population Estimates Using
More Detailed Stratification, Applied to PSAMP Winter
Aerial Surveys Conducted in Washington and British
Columbia 1992-2006.

Joseph Evenson™, David Nysewander, Washington State Department of
Fish ond Wildlife

Glenn Ford, R.G.Ford Consulting Company

Bryan Murphie, Thomas Cyra, WA Dept of Fish & Wildiife

André Breault, Environment Canada (Canadian Wildlife Service)

Geo-referenced aerial surveys of marine birds are annually conducted
in both the inner marine waters of Washington State and nearby
portions of British Columbia. The output of these surveys is primarily
expressed as marine bird densities. Survey data are currently stratified
into two-depth zones (<=20 meters, and > 20 meters) using 1978.79
habitat polygons. While this method has worked well in estimating
relative populafion density indices, the level of stratification has not
worked well in estimating populations, and provides larger estimate of
variance than desired because birds are associated with depth zones
related to feeding strategies. The two- levels of stratification used do not
rapresent actual distribution across depth zones that are encountered
for most species. To rectify these prablems so more accurate population
estimates and variance could be estimated, we restratified the
stratification used for Washingion' s inner marine woters into habitat
polygons based on six-depth zones {0-10m, 10-20m, 20-40m, 40-60m,
60-100m, and >100m). In addilion, we split the 100m strip transect inlo
wo separate 50m sirips and positioned them to be more reflective of
each strips’ depth location. A computer application was developed to
calculate population and variance using the six-zone depth strata. We
compare the previous method of calculafing population indices with the

newer methad for selecled species.

Status and Trends in Fecal Pollution in Shellfish Growing

Areas of Puget Sound through 2005
Timothy Determan®, Washington State Department of Health

The Washington State Depariment ot Health {DOH) uses a systematic
random sompling strategy to monilor fecal coliform bacteria in shellfish
growing areas in Washington’s marine walers. Stafistics {geometric
means and ninefieth percentiles) are used to clossify the growing areas
to protect shelffish consumers. To support the Puget Sound Ambient
Monitoring Program [PSAMP), the siatistics were also used to determine
status and trends within and among 97 shellfish growing areas in Puget
Sound from 2001 through 2005. A “Fecal Pollution Index” {FPI) was
used to rank the growing oreas according to fecal pollution impact in
2005 and to track temporal trend in several growing areas from 1998
through 20035. The relationship of trends in selectad shellfish growing
areas with remedial octivities in uplond watersheds are addressed.

Survey of Breeding Pigeon Guillemots on Whidbey Island
Frances Wood ™, Whidbey Audubon Society

Phyllis Kind, island County Marine Resources Commitiee

This study documents the breeding colonies of Pigeon Guillemols
{PIGUs) in the bluffs of Whidbey Island and records guillemot behavior
lo assess breeding success. Jointly supported by Whidbey Audubon,
Washington Audubon and the Island County Marine Resources
Committee, this citizen science project trained 30 volunteers who visited
23 active guillemat colonies at least six times during the breeding
seasons of 2004, 2005 and 2006. The colonies varied in size from

15 to 134 birds. There were a total of over 200 PIGUs in the colonies
during 2006 but only 150 active burrows, so roughly 1/3 of the birds
attempted to breed this year. In late May and June the birds visited the
burrows frequently and some were incubating eggs. By the end of june
we began to see activities associated with young in the burrows; i.e.,
adults delivering fish to the burrows. Since the young fledge of night in
late July and August and disperse beyond binocular range quickly after
fledging, we saw very few juvenile birds from the shore in 2004 and
2005. In 2006 we surveyed by boat in August and September and
observed 34 juvenile PIGls. They were usudlly several hundred yards
offshore at water depths of 40 to 100 feet.

Poster Group 6: Nearshore

San Juan Counly Soft Shore Restoration Blueprint

Jim Johannessen, Andrea Maclennan®, Tina Whitmon, Coastal
Geologic Services

The abjective of this study was to pricritize beaches with documented
or potential forage fish {surf smelt and sand lance) spawning habitat
for bulkhead removal and soft shore protection in San Juan County,
Washington. Ta reach this goal, the results of physical, biclogical and
landowner willingness assessmenls were integrated into a GIS and
analyzed to determine the best projects to seek funding for beach
anhancement. A three-step process was employed to eliminate sites
based on characteristics that influence the success and sustainability of a
beach nourishment project. Initially a coarse filter eliminated sites based
on existing qualitative data, followed by a secondary filter that utilized
data collected during field visits. The final step in the prioritization
applied a point system that weighed the quantity of spawning habitat to
be enhanced with the likelihood of project success. Sites with the highest
scores were of the highest priority for beach enhancement. Specific
recommendations for beach restoration and enhancement were made
for the top ranked sites. This study was conducted by Coastal Geologic
Services and Friends of the San juans, and funded by a grant from the
Russell Family Foundalion and the US Fish and Wildlife Service.



Classifying Agricultural Land in an Urban Landscape with
Application to Waterfowl Conservation

Dan Buffeit”, Ducks Unlimited Conada

Agricultural areas provide key habitats for migratory birds ond
mapping of these areas provide important information for agriculture
and conservation planning. This project evaluates the technical
considerations, human resource requirements and application of remote
sensing of agricultural land within an urban agricultural landscape. The
approach used a hierarchical tree classifier and an 84 layer dataset
that consisted of 6 individual satellite bands and 4 image transforms for
each of the four Landsat 7 image dates as well as 36 change vector
transforms. Using a 2, 4 and 8 agriculiural classification scheme the
Tasseled Cap fransform (TC) had significantly higher overall accuracies
than other transforms. For the 8 class agricultural classificafion scheme,
the TC transform had a higher accuracy (75.1% £ 1.6) than the
normalized difference vegetation index [60.6 £ 1.8), second modified
soil adjusted vegetalion index (60.6 £ 1.8), or arctangen! to the simple
rofic {59.4 + 1.8), and had comparable accuracy to the dataset using
all 84 data iayers {77.6 £ 1.5). The decision tree classification replaced
the requirement of raster based classification software and reduced the
financial cost of classificetion by 25%.

San Juan Archipelago Shoreline Protection Campaign: an
Integrated Approach

Tina Whitman*, Shannon Davis, Jim Slocomb, Stephanie Buffum Field,
Friends of the San Juans

With over 400 miles of marine shorelines, San Juan County provides
significant feeding, breeding, refuge and migratery habitat for fish,
seabirds, marine mammals and their prey. As development in San Juan
County intensifies, sensitive nearshore ecosystems are increasingly

at risk. Protection of nearshore marine habitat has been identified as
the most important salmon recovery sirategy for San Juan County.
Friends of the San Juans utilizes a multi-pronged approach to improve
the protection and restoration of critical nearshore marine habitat

and aid ecosystem recovery efforts in the San Juan archipelage.
Fundomental sirategies of Friends’ nearshore habitat programs include
the interweaving of science and policy, public and private partnerships
ond regulatory ond volunteer approaches. Methods and results of the
following projects will be summarized: 1} Shoreline Permit Database
Analysis, 2) County Nearshore Impact Assessment, 3} Soft Shore
Restoration Blueprint, 4) Salmon Easements and 5) Eelgrass Restoration
Assessment. Challenges ond successes of the shoreline protecticn
campaign’ s integrated opproach will be highlighted and provide insight
for others working to ensure long term protection of nearshore marine
habitat in Puget Sound

Nearshore Land Use Density Correlates with Reduced
Probability of Herring Spawning

Roymond Watts*, U.S. Geological Survey

Vivian Queija, USGS

Over the past thirty years, the Puget Sound Basin has experienced
intense urban growth that has resulted in the degradation of natural
habitat for aqualic species. Because of increased toxic levels in

Puget Sound and decreased riparian habitat, several salmon species
are now listed as endangered and the resident orca population os
threalened. Integral o the diets of both salmon and orcas are several
forage fish species, such os herring, that spawn in the nearshore

zone of Puget Sound. Although upland areas, rivers and streams,

and their riparian areas have been investigated for mitigation efforts
and restoration projects, greater understanding of the nearshore
environment and processes are needed to connect terrestrial and
aquatic mitigation efforts. This paper describes an initial effort in o
long-range interdisciplinary study by the U.S. Geolegical Survey and its
partners to explore the effects of urbanization on nearshore processes
and ecosystems. We examine land use patterns along the near shore of

an embayment of Puget Sound lo determine anthropogenic indicators
of siresses to forage fish spawning. We use a spatial analysis of parcel
counis along the shoreline to show that increased urban density near
the shore is positively correlated with reduced probability of herring
spawning. Scientists in the USGS Coastal Habitats in Puget Scund
[CHIPS) Project use results from this analysis of associations between
urban and ecological status, and other similar analyses, to facus
process-based investigations of causes and effects.

Oil spill Extent and Impacts Along the South Coast of
Vancouver Island: A Simulation Approach

Seon Hollands ™, Costa Maycira, University of Victorio

Lyle Fairley, Canadian Forces Base - Esquimalt

Oil spills around the British Columbia coast are regular occurrences
despite all precautions and rules in effect. These oil spills have dramatic
detrimental effects on the aquatic and ashore environment. Therefore
there is a need for the development of scienfifically based procedures to
minimize oil impacts on the environment. To do so, it is vilal lo be able to
simulate the spatial and temporal dispersion of oil at the time of the crisis
and estimate the trajectory of the oil lo allow interception before the spill
hils the shoreline. This early interception will significantly decrease the
incidental damage, clean up cost, and public relation issues. In this light,
the goal of this project is to describe a potential system for farecasting
oil spill trajectories and possible impacts on the British Columbia coastal
zone. Specifically, we perfermed simulations of oil spills with magnitudes
of 3500 tons and 7000 tons of cil, at four different locations around
Vancouver Island. The simulations were performed with the ail spill
trajectory software, Crisis Management System Map (CMSMAP). Given
certain conditions of the environment and oil viscasity, the results show
no significant difference on the area of shoreline habitat impacted by
the different omount of oil in the water. This is because of the sirong
currents, tide effects, and wind conditions of our coast. These results
have great implications for the need of defining fast interception of oil
spills even at reduced amount.

Thatcher Bay Nearshore Restoration Design: Developing a
Methodology

Joel Breems *, University of Washington

Alison Stuclley, Skagit Fisheries Enhancment Group

Tim Nelson, Seaftle Pacific Universily

Kern Ewing, University of Woshington

Joe! EllioH, Universily of Puget Sound

Sandy Wyllie-Echeverria, University of Washington

Bob Warinner, WDFW

The Puget Sound Georgia basin has a history rich in the harvest

and processing of timber resources. The legacy of this history is the
common oceurrence of wood waste in marine environments. Thatcher
Bay, located on Blakely islond in the San Juan Islands, is one such
impacted area. In researching potential restoration alternatives for
the site it became clear that lile work has been done in developing
methodologies for restoring sites contaminated by wood waste. The
Thatcher Bay plan is an interdisciplinary approach to restoration. It
incorporates local history and contemporary field data into the science
which develops an appropriate restoration strategy for the Bay. This
approach tokes into aceount the historical and current condilions of
the impacted area to determine a restoration plan. Our ebjective is to
develop an assessment methodology for Thalcher Bay leading tc a
restoralion plan that can be used as a template for similar restoration
efforts throughout the Puget Sound Georgia basin region.
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Changes in Pacific Herring {Clupea pallasii) Spawning
Ground Use by the Cherry Point, Washington Stock, 1973-
2006.

Kurt Stick*, Adam Lindquist, WDFW

The Cherry Point, Washington herring stock has experienced a dramatic
decline in abundance since quantitative sampling began in 1973. Once
the largest in Washington state waters, the Cherry Point stock decreased
from a high of 15,000 tons in 1973 to a low of 800 tons in 2000,
followed by a gradual annual increase to 2,200 tons in 2006. With

the decrease in abundance, a greater proportion of spowning activity
has occurred in the Cherry Point sub-area (between south Birch Bay
and Sandy Point) of the stock’ s documented spawning grounds. This
section of shoreline has been the subject of plans for increased industrial
development as a deepwater port facility. These plans prompted these
analyses to quantify observed changes in spawning ground use by

the Cherry Point herring stock. Analyses made use of the database of
herring spawn deposition survey data collected since 1973. Spawn
deposition and estimated spawning escapement results were stratified
into 500 meter sections of shoreline of the Cherry Point stock’ s
spawning grounds. These data were then mapped. Both general and
specific chonges of spowning ground use over time are ecsily identified
by this technique.

Monitoring Shoreline Habitat Restoration Sites for Forage
Fish Use in Sinclair & Dyes Inlet, Washington

Doris Small*, Washington Depariment of Fish and Wildlife

Richard Bazzell, Tyson Livesey, Jon Pavy, Ty Snyder, Western
Washington University

Chris Waldbillig, Washington Department of Fish and Wildlife

An important function of the upper beach in many locations in Puget
Sound is spawning substrate for two species of forage fish, surf smelt
{Hypomesus pretiosus) and Pacific sand lance (Ammodytes hexapterus).
Many of the former high infertidal areas of Sinclair and Dyes Inlets
have been lost due to filling and armoring, Yet, forage fish spawning
sites persist in nearly all pockets of beach with intact upper beach
profiles. Restoration of nearshore habitats suitable for forage fish
spawning is proposed in many locations in Puget Sound. Monitoring
and documentation of existing sites is useful to promote successtul
strategies and avoid potential problems in habitat restaration design.
Urbanized settings pose particular challenges, in that beach forming
processes are often compromised. We monitored forage fish use and
physicol parameters associated with two beach restoration sites built
in 2000 and 2002 {Jackson Park, Charleston Beach) and a nearby
natural site [Ross Point). Beach profiles steepened in the upper beach,
most naliceably at one section of Charleston Beach which lost nearly
all of the supplemental beach material. Forage fish spawning density,
mortality and frequency varied by location, with greatest mortality at
the restoration sites even when densities were similar. Lessons learned
through monitoring existing restoration sites will help guide future
restoration project design.

Protection, Restoration and Enhancement of Aquatic Lands:
Washington Department of Natural Resources Aquatic
Reserves Program

Kyle Murphy *, David Palazzi, Washington Department of Natural
Resources

The Aquatic Reserves Program is part of the Washington Department of
Naturals Resource’ s (DNR} efforts to protect important anvironmental
resources on state-owned aqualic lands through preservation,
restoration, and enhancement. Aquatic Reserves protect sensitive
habitats for a wide range of aquatic organisms. The objective of

the program is to protect and support these aquatic systems and

their functions above other uses. There are currenily two established
Aquatic Reserves in Puget Sound, and two additional sites have

been recommended for Reserve status by the Commissioner of Public

Lands and are in various stages of the review and establishment. The
Aquatic Reserve Program provides research opportunities for scientists
interested in sludying the Puget Sound ecosystem. Areas of research
needs include natural resource inventories, water quality impacts and
mitigation, habitat restoration and enhancement, At the Puget Sound
Research Conference, DNR will be soliciting applications for Aquatic
Reserves for 2007 /2008. DNR will be looking for applications that
capture sites that exhibit high ecological quality and can enhance
management of aqualic resources. Applicafions should be for

aquatic lands of specicl educational or scientific interest, or special
environmental importonce. Applicants are encouraged to consult Priorily
Marine Sites for Conservation in Puget Sound developed by DNR, and
similar documents that identify high quality habitats and ecosystems for
potential protection, conservation and restoration.

Temperature and Shading Effects on Surf Smelt,
Hypomesus Pretiosus, Egg Survival

Lindo Rossell*, Cedar Crest College, PA

Paul Dinnel, Western Washington University

Much of the vegeiative shading on Pugel Sound surf smelt {[Hypomesus
prefiosus) spawning beaches has been lost to shoreline development.
As a resull, sand-grovel beaches experience higher summer subsirate
temperatures and light intensity. Field and laboratory experiments were
used to determine if shade and temperature have an effect on surf
smelt egg survival. Eggs were incubated at various temperalures in the
laboratory for eight hours to determine their temperature folerance. A
field experiment used two shaded (screen mesh and opaque plastic)
and unshaded treatments to determine how shading and temperature
affects egg survivorship. A parallel laboratory tank experiment was

set up to compare shaded and unshaded egg survivorship under
controlled laboratory conditions. Our results showed that there is a
strong relationship between shade and temperature and the survival of
summer-spawned surf smelt eggs. Egg survival was significantly reduced
following 8-hour laboratory exposures to lemperatures over 20 fc

and was virtually zero at lemperatures over 30 [C. In an 8-day field
experiment, egg survival was good in the shaded treatment, but zero
in the shaded and portially shaded trectments. Sediment temperatures
reached 40, 35 and 30 [C in the unshaded, partially shaded and full
shade trealments, respecilively. Egg survival in the 8-day laboratory
exposure lanks was uniformly low due to design flaws that allowed
temperatures to exceed 30 §C in both the shaded and unshaded
treatments.

Making the Link: Visualizing Nearshore Habitat Needs
from Juvenile Salmon Diet Studies

Michelle Licari™, Western Washington University

Making the Link: Visualizing Nearshore Habitat Needs from Juvenile
Salmon Diet Studies Utilization of nearshore environments by juvenile
Chinook salmon {Oncorhynchus tshawytsche) was the focus of an in-
depth study conducted by the Washington Department of Fish and
Wildlife in 2001 and 2002. It was found that juvenile salmonids
occupying Puget Sound sherelines enjoy a diverse diet, including
prey from terresirial sources, water column, and substrate. Shoreline
and nearshore areas are additionally used as refuge and migration
corridors. The need to protect foraging habitat of this Puget Sound
species, listed as Threatened under the Endangered Specias Act, and
the challenge of conveying this information to the layperson is the
foundalion of this presentation. To demonstrate diet diversity of juvenile
fish to a variety of audiences we offer a prototype display unit using
individual samples to illustrate temporal and spatial models of forage
usage in nearshore habitats during this critical life-stage. Bridging
gaps in comprehension and understanding complex scientific studies
and results is of concern when Irying to make clear the importance of
protection of nearshore habilat. It is our intent to expand this prototype
model to further the viewer’ s understanding of prey habitats, life
histories, ecological structure and function, thus making the link to



broadan the scope of “nearshore” environments.

Resource Protection in the Olympic Coast National Marine
Sanctuary: A Pilot Project to Address Derelict Fishing Gear
Katrina Hoffman ™, University of Washington, School of Merine Affairs
In 2004, the Olympic Coast National Marine Sanctuary [OQCNMS)
successfully opplied for funding from NOAA' s Office of Response and
Restoration lo iniliate o derslict fishing gear pilol project in locations of
geographic importence to the Sanctuary. The project was initiated o
assess the scope of the problem, adapt derelict gear techniques used
elsewhere, and train divers to perform removal operations. Scope of the
problem and success of the pilot will be evaluated to determine whether
derelict gear removal should be a programmatic focus of the Sanctuary.
Diver surveys and side scan sonar were used to locate derelict gear.
Maps indicate the location of nets and crab pots removed through this
effort. Biological specimens entangled in recovered nets and pots were
identified and quantified and results are presented in this poster.

Poster Group 7:_Seugrc;s & Other Aquatic
Vegetation

Assessment of Eelgrass (Zostera maring) loss in the San
Juan Archipelago

Tina Whitman*, friends of the San Juons

Sandy WyllieEcheverria, University of Washington

Eric Grossman, Renee Takesue, United States Geological Survey
Tom Mumford, Helen Berry, WA Department of Notural Resources
Maggie Dutch, WA Department of Ecology

Jan Newton, University of Washington

Victoria Wyllie-Echeverria, Friday Harbor Labs, University of Victoria
Anne Boettcher, Universily of South Alabama

Jim Slocomb, Friends of the San Juans

Ginger Tennant, University of Washington

We can now verify that between 1995 and 2003/04 more than 30
ha of the seagrass Zostera morina [eelgrass) disappeared within small
embayments in the San Juan Archipelago. A program to assess putafive
causes of this ioss began in 2004; however, because no obvious
cause{s) was identified we initicted an interdisciplinary program to
investigate several possibilities. Cur effort involves collaboration of
scientists from stote ond federal agencies, universities and NGO's.

The first phase included developmeni of en appropriate sampling
design, selection of field sites and evaluation of suitcble ossessment
techniques. At a variety of embayment and open water sites we initiated
a survey program to {1) assess environmental variability that includes
woter column properties (femperature, salinity, turbidity, chlorophyli
concentration, dissolved axygen, submaorine PAR] and sedimentation
rates, sediment grain size, redox and sedimentary contaminants and
{2} monitor changes in Z. marina shoot density, lowering occurrence,
internode spacing and disease presence. In addition, we are reviewing

Puget Sound Assessment and Monitoring Program archives such as long-

term sediment monitoring, submerged aquatic vegetation monitoring,
and water quality measurements. We describe the geographic
distribution of our research sites, summarize assessment results and
discuss implications of this work to guide eelgrass restoration and
prolection planning.

Community Eelgrass Restoration in British Columbia
Cynihic Durance™, Precision Identification

Nikki Wright, SeaChange Marine Conservation Society

The successful eelgrass (Zostera marina) fransplant projects that

were completed in British Columbia prior to 2000 were in response

to development pressure and to ensure No Net Loss of these critical
habitats. SeaChange Marine Conservotion Society contacted Precision
Identification Biological Consultants in 1998 for assistance restoring
eelgrass in a site heavily impacted by a cement factory on the Saonich

Peninsula. Since then this restoration team has developed tools to assist
communifies in selecting sites for transplenting and provided training
and guidance fo communities throughout British Columbia lo enable
re-establishment of historic beds. In addition to creating valuoble habitat,
the transplants have fostered respect for eelgrass amongst volunteers
from five to eightyfive years of age. The tools and metheds are
described, and several of the community fransplant projects are profiled
with lessons thal we have learned along the way.

Mapping Eelgrass Distribution Using Hyperspectral
Imagery, Gulf Islands National Park Reserve, British
Columbia

Jennifer O’Neill*, Maycira Costa, University of Victoria

Tara Shorma, Parks Canada

Nichelas Kemick, Waterloc Pereira Filho, University of Victoria

Eelgrass, on important component of inter- and sub-tidal ecosystems,
has exhibited worldwide community decline in hypothesized response
to light anenuation imposed by eutrophication and sedimentation.
Therefore, to assess coastal ecosystem status, there is a growing need
to cost and time-effectively monitor eslgrass and associated substrata,
This study seeks to remotely map eelgress distribution around Sidney
Island, BC. Using remote and in situ dala, twa objectives were explored.
The first was to determine the optimal combination of spectral and
spatial resolution for accurately resolving bed location and size. The
second was lo delermine a water depth range within which eelgrass
spectral signatures could be sufficiently distinguished from surrounding
waler and substrata. Two-metre resolution hyperspectral imagery was
acquired over Sidney Island with cirborne sensor AISA. Concurrently, in
situ above-water hyperspeciral remate sensing rellectance, underwater
videography, and water sampies for opticol constituent analysis were
collected. Yarious spatial and speciral resolutions were simulated from
the dataset, and the mapping accuracy of each product was determined
using a speciral mixture analysis of eelgrass and other substrates. The
desired product is g resolution and tidal range combination offering the
most accurote ond coskbenelicial eelgrass location map, and will result
in recommendctions for remote ecosystem integrity monitoring and park
management.

CIR Aerial Photomapping of Intertidal Eelgrass in PNW
Estuaries

David Young®, Patrick Clintan, David Specht, Henry Lee il, U.S.
Environmental Protection Agency

The objective of this study was to develop and test a rapid, cost-
effective method of mapping the interiidal (and surface-visible subtidal)
distribution of eelgrass (Zostera morina L.} meadows and palches in
the turbid coastal estuaries of the Pacific Northwest (PNW). Initial
comparisans between true color and false<color near-infrared (color
infrared, CIR) Film indicated the clear advantage of CIR film in aerial
photemapping surveys of this region. The photosurveys must be
conducted in clear {or uniform high overcost) weather during daylight
low tides, when substantial portions of eelgrass distributions in coastal
estuaries are fidally exposed. The most reliable surveys are obtained
in late spring before the summer blooms of benthic macroalgae thaot
con interfere with accurate classification of interfidal eelgrass and bare
substrate habitats. The technique reported here incorporates a hybrid
approach toward digital classification of CIR photomap images, with

a minimum mapping unit of 2.5 m x 2.5 m. Comparison of results with
those from ground surveys in four Oregon estucries yielded overall
accuracies ranging from 83 to 100 percent. Best results were obtained
when training surveys included GPS ground mapping of the upper
margin of selected eelgrass meadows. Application of this technique
should assist in the delineation and assessment of intertidal eelgrass
disributions in the PNW, and factors that may stress this important
estuarine habitat.
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Eelgrass decline and {delta) 15N ratios in the Hood Canal
Elizobeth Wheat*, University of Washington

Peter Dowty, Washington State Department of Natural Resources
Jennifer Ruesink, University of Washington

Seasonal hypoxia causes localized “dead zones”, closures of major
fisheries, and large scale fish kills. It is o problem of growing nafional
and international cancern. Hypoxia can be driven by many factors

or combinations of facters including long residence time, changes in
oceanic conditions, deforestation, or eutrophication from anthropogenic
nufrient sources. Increasing nitrogen levels have been shown lo initiate
seasonal hypoxia in many estuaries and may thus ultimately be
responsible for lishkills and eelgrass decline documented in the Hood
Canal, Washington. Stable isctope ratios, particularly for carbon and
nitrogen, can be used to distinguish batween marine, terrestrial, and
anthropegenic nitrogen sources. This study uses a paired sample
design to examine spatiotemporal variation in stable isotope ratios
{particularly 815N) at sites of eelgrass decline and stability in the Hood
Canal. Nitrogen is of central concern because eutrophication can cause
shifts in primary producers and concomitant changes in the structure of
estuarine food webs. This study anclyses oyster, eelgrass, POM, and
green algal tissues to assess the source of nitrogen entering Hood Cenal
food webs. Additionally pore water samples were gathered to assess
inter-site variation in nilrogen concentrations. These data will help us
understand if differences between sites in eelgrass growth rates, density,
and reproductive effort are driven by nitrogen source and availability.

Estimating Sufficient Sample Sizes to Detect Changes in
Eelgrass Density

Kirk Krueger®, Timothy Quinn, Rondy Carmon, Woshington State
Department of Fish and Wildlife

Sandy Wyllie-Echeverria, Friday Harbor Laboratories ond UW Botanic
Gardens ‘

Ting Wyllie-Echeverria, Wyllie- Echeverria and Associates

Kurt Fresh, NOAA Fisheries

Brian Willioms, Washington Department of Fish and Wildlife

Eelgrass {Zostera marina) provides important ecological services in the
nearshare, has been designaled as critical habitat, and is protected by
a no-netloss policy in Washington State. When projects ore proposed
that may impoct eelgrass, such as installing docks or underwater cables,
the state of Washington may require surveys to monitor changes in
eelgrass density. The guidelines for surveys required by the Washington
Department of Fish and Wildlife are sufficiently general to allow
rigorous monitoring. However, specific guidance describing sufficient
sample sizes and analyticol methods has not yet been deveioped.

We use data from a previous study to estimate the number of samples
required to reliably defect a range of declines in shoot density using @
before-after<ontrokimpact (BACI) survey design. Sufficient sample sizes
vary with choice of crilical value and statistical power, but are most
affected by the magnitude of density decline that we wish to detect. Our
approach demonstrates the necessity of developing sampling designs
specific to each study to ensure results that meet the legal requirements
of resource management. Our results have implications for most
monitoring project.

SeagrassNet: A Worldwide Seagrass Monitoring Program
Frederick Short, leffrey Gaeckle®, Jackson Estuarine Laboratory,
University of New Hampshire

Robert Coles, Queensland Department of Primary industries

Miguel Fortes, Marine Science Institute, University of the Philippines
Evamaria Koch, Horn Point Laboratory, University of Maryland Center
for Environmental Studies

SeagrassNet, a global seagrass monitoring program, is now established
in 20 countries with 52 monitoring sites around the world. Standardized
protocols for scientific monitoring have been developed and are
successfully implemented by trained teams of in-country scientists and
managers. Quarterly fixed-transect sampling is carried out at all sites

for seagrass species composition, cover, density, biomass, canopy
height, and depth diskribution, as well as temperature, salinity, light
and sediment type. A monitoring team at each site sends data via the
internet to an online database and archive at www.SeagrassNet.org.
Initial results from the tropical Pacific include new findings on species
distributions, seasonal changes in species cover, and evidence of
species succession, SeagrassNet sites as close to the Equator as the
Philippines {13==N), Malaysia {8cN}, Brazil (85} and Micronesia
(5<N) show seasonality in biomass and percent cover. Across the
Americas, SeagrassNet is documenling new species disiributions

(in Belize) but, disturbingly, also dacumenting widespread seagrass
declines. Now in year 6, the program is yielding o data stream that
affirms dynamic change in seagrass habitat. Long term and large scale
assessment of seagrass resources elevates the visibility of this important
coastal hobitat and provides a barometer of direct anthropogenic and
global climate change impacts.

A Spatial Model of the Effects of Sea Level Rise on Eelgrass
Habitat in Padilla Bay, WA
Peter Kairis*, John Rybcezyk, Western Washington University

Subsidence, eustatic sea level rise (ESLR), and accretion control

the elevation of the estucrine sediment surface relative to sea level.
Predicled increases in the rate of ESLR threaten the sustainability of
estuarine systems and would impoct both the plant communities and the
organisms for which they provide habilot. Subsidence and ESLR must be
balonced by accretion if relotive elevation is to be maintained. Padilia
Bay, Washington, is home 10 one of the largest eelgrass meadows in
the Pacific Northwest. The volume of sediment delivered to the bay is
significantly less thon historical levels, potentially making the eelgrass
at risk to submergence by ESLR. We used sediment elevation tables
and Pb-210 dating of sediment cores to determine rates of aceretion
and shallow subsidence in Padilla Bay. These dala, in conjunction

with eelgrass productivity and decomposition data, are being used to
initialize, calibrate and run a spatial relative elevation computer model
for the bay. The model uses a sediment cohort approach to calculate
changes in sediment elevation over time. Using a GIS bathymeiry grid
as inpul, the madel will be run to project changes in surface elevations
and eelgrass standing crop across Padilla Bay as a function of sea level
rise.

Poster Group 8: Partnerships, Outreach, and
Governance Approaches

The BC Coastal Environment 2006 Project
Linda Gilkeson ™, Lynne Bonner, British Columbia Ministry of Enviranment

In 2004, representatives fram two federal ministries, two provincial
ministries and two universities began working on a report on the state of
British Columbia’ s coastal environment, At the outset of the project, the
list of desired indicators was developed through extensive consultation
with scientific experts as well as representatives of torget audiences.

The final report was comprised of six technical papers: Population and
Economic Activity, Climate Change, Industrial Contaminants, Ecosystem
Protection, Biodiversity, and Fisheries. Each poper provides an overview
of the issues and o set of indicators, including data and methods of
onalysis {including caveats and assumptions). The papers also describe
what is currently being done to address the issues as well as what
individuals can do. Other project deliverables include a web site, which
presents summarized results as well os the full text of papers and data
at www.eng.gov.be.ca/soe/beee/. A striking posterbrochure was
produced as a means of interesting the public in going to the web sile
to learn more about the issues. Posters and CDs containing the complete
reperts and data sets were sent to BC schools and public libraries. To
guide future collaborative projects, a report documenting data gaps and
others issues was also produced.



BC Schooel Bus Emissions Reduction Project
Bahareh Toghiani Rizi, Leigh Greenius*, Environment Conoda

Environment Canada, in partnership with various BC School Districts,
supported the reduction of diesel emissions through three phases of
the BC School Bus Emissions Reduction Project. The objective of the
project was fo improve local air quality in and araund school buses,
which would reduce the impact of diesel emissions, including parficulate
matter (PM), on children’ s heclth. We intend to present a poster
summarizing the project. Twenty-nine School Districts and cne private
school participated in the BC School Bus Emissions Reduction Prajact,
which was completed in March 2006, Over 550 mechanical retrofit
devices were insialled consisting of diesel oxidation catalysts (DOC)
and crankcase emission reduction systems [CER). The last phase of the
project also consisted of on on-going idle reduction campaign with the
School Districts that included the distribution of over 1500 onfiidling
signs.

The Strait of Georgia Ambient Monitoring Program: Results
of a Multiparimer Collaborative Investigation

Cynthia A. Wright™, Institute of Ocean Sciences

Sophia C. Johannessen, Robie W, Macdonald, Fisheries and Oceans
Canada, institute of Ocean Sciences

Brenda Burd, Fcostat Lid.

Stan Bertold, Albert Yan Roodseloar, Greater Yancouver Regional
District

Phifip R. Hill, Natural Resources Canada, Pacific Geoscience Cenire
Since 2003, scientists from Fisheries & Oceans Canada and Natural
Resources Canada have collaborated with the Greater Vancouver
Regional District in an ambient monitoring program designed to
investigate environmenial conditions in the Sirait of Georgio. The
program has encompassed studies of sediment accumulation rales,
contaminant distribution, biology and fidal/current conditions that
contribute to particle dynamics. Seven sediment cores have been
analyzed for Pb-210 and Ra-226 (for sediment accumulalion
calculafions), metals, PCBs, PAHs, PBDEs, AVS, nonylphenols, organic
carbon, nitrogen and slable isotopes of carbon and nirogen. In the
summer of 2004, moorings containing ADCPs and sediment traps were
placed in the study area to investigale current dynamics and particle
flux to the sediments. This poster illustrates our approach and protacols,
and highlights the success of the collaborative approach. Resulls of the
carbon, nitrogen, conteminant and isotopic measurements are shown.
Biological interactions and metadota are olso presented. The results will
be used to provide o context tor the influence of the lona lsland sewage
outfall an.a variety of physical, chemical and-biological parameters in
the southern Strait of Georgia.

HCDOP Citizens’ Meonitoring Program: Integrating

a Volunteer Monitoring Effort with the Needs of a
Partnership-Based Research Program

Renee Rose*, Dan Hannafious, Hood Canal Salmen Enhancement
Group

Jan Newion, University of Washington

Lalena Amiotte, Skokomish Natural Resources

Mark Warner, University of Washington

The condition and factors influencing the water quality and biota of
Hood Canal is currenlly under increased scrutiny by researchers,
politicians, and citizens. The mulii-stokeholder Hood Canal Dissolved
Oxygen Program [HCDOP} was implemented in March 2005 to
determine the sources, processes and impacts of low dissolved oxygen
{DO) events in Hood Canal. Prior to the HCDOP program becoming
fully established, there became a need to supplement existing marine
data in order to provide a mora comprehensive assessment of the
seasonal and annual fluxes of the low DO processes. In August 2003,
a citizen moniloring effort was initioted and has become an important
element of the larger science plan. In the summer of 2004, the sampling

routine was integrated with the Skokomish Tribe Natural Resource
Depariment. More recently, @ monthly sampling routine was added

for locations used to calculate an inventory value which compares

the current DO trend to historical data. The Hood Canal Salmon
Enhancement Group (HCSEG) continues to coordinate the weekly
collection of oxygen samples and CTD casts in seven transects within
Hood Canal. Engaging local citizens and aiding in their understanding
of these local issues, begins to make connections between watershed
health ond their individual role as longterm stewards to the watershed.

Shareline Master Programs and Marine Resource
Committees; Opportunities for Partnerships and
Collaboration

Gabrielle LaRoche, Judy Surber*, Jefferson Counly Marine Resource
Committee

Shoreline Master Programs (SMP) and Marine Resource Commitiees
{MRC} are natural partners for protecting nearshore resources. As

the local government arm of a state-wide program, SMPs contribute

a planning framework and regulatery tools. As the local government
arm of the Northwest Straits Initiative, the MRCs bring experience with
restoration projects and veluntary approaches. The study compares
gools and benchmarks of the two progroms and explores opportunities
for partnerships in shoreline plonning and implementation. Examples
of how the SMPs and the MRCs compliment each others strengths and
weaknasses are given. SMPs are partficularly adept at developing
long range plans, while the MRCs have funding and non-regulatory
tools necessary to effectively work toward “no net loss” and nearshore
restoration. The authors share their recent experiences with updates

ta the City of Port Townsend SMP and the Jefferson County SMP end
their work with the Jefferson County MRC. Cenclusions will be directly
applicable to the six other counties of northern Puget Sound that are
part of the Northwest Straits Initiative and will suggest a model for
governance for southern Puget Sound and Georgia Basin.
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The Harmful Algal Bloom Rapid Response Network

Amy Glaub Sprenger®, Fritz Stahr, Christian Sarason, Ccean Inquiry
Project

Ocean Inquiry Project, a marine science education non-profit, is
coordinating the creation of a HAB rapid response netwark, a proposed
colleborative effort between citizens and scientisis that will have the
capacily lo gather data on harmful algal blooms {HAB) as they are
progressing in Puget Sound. The network aims to have an orgaonized
group of volunteers and scientfists able to quickly mobilize and get on
the water to monitor a harmbul algal bleom as scon as it is detected.
Using a fast moving boat provided by Seattle Maritime Academy,
scientists and volunteers will be able to sample a large spatial area
in @ short amount of time through an evolving bloom. The HAB rapid
response network sampling scheme will complement current HAB
research sampling schemes and provide data at new spatial ond
temporal scales.

Puget Sound Main Basin Stratfification, a Time-Series
Comparison

Fritz Stahr*, Ocean Inquiry Project

Mitsuhiro Kawase, University of Washington

Christian Sarason, Amy Sprenger, Ocean Inquiry Project

As o partner in the Puget Sound Marine Environment Modeling group,
Ocean Inguiry Project (OIP), a marine science education non-profit,
collects time-series data for model comparison and other research. One
location in Puget Sound main basin [PRISM-28] is sampled on almost
every OIP cruise, as well as during June and December cruises of the
PRISM program. This study compares the measured siratification during
2004 to the Puget Sound numerical model cutput for the same year.
Further, trends in deep woter tempercture and salinity for that station will
be examined over the past 6 years to show interannual trends.
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Community Based Restoration Projects in Squamish A Case
Study

Edith Tobe ™, Squamish River Watershed Society

Matt Foy, Fisheries and Oceans Canada

Francesca Knight, District of Squamish

Randall Lewis, Squamish Nation

For over a decade the town of Squamish has discussed reopening a
portion of woterway that was dyked back in 1921 1o reconnect an
important salmon spawning channe! from the Mamquam River through
to the Mamquam Blind Channel. In 2005 approval and funding

were received fo initiate this project with support from the District of
Squamish, Fisheries and Cceans Canada, Squamish First Nafion,
Ministry of Environment and numerous community groups spearheaded
by the Squamish River Watershed Society. This poster presentation
highlights the processes invalved and the spectacular outcomss that can
be achieved. Only one yecr later the salmon are returning in record
numbers, a flood control route has been reestablished to help reduce
high water events, and an education program has been developed
within the local schools. This project highlights the inroads that can

be made through collaboration and the need to have patience os this
project took well over 10 years of discussions lo become a reality!

The Next Step in Planning the Future for San Juan Islands
and Protection Island National Wildlife Refuges

Pamela Sanguinetti®, U. S. Fish and Wildlfe Service

The U. S. Fish and Wildlife Service is developing @ Comprehensive
Management Plan that will serve as a guideline for the future of the
San Juan and Proteclicn Island National Wildlife Refuges. These

84 islands, rocks, and reefs support more than 75% of the breeding
seobird population of Puget Sound. The planning process provides an
oppertunity to look at the current management from fresh perspectives
over the next two years. U. 5. Fish and Wildlife Service's planning teom
has estcblished preliminary conservation targets, goals, and objsctives
for managing these marine Refuges. Integrating scientific and locel
knowledge from Puget Sound/Georgia Basin stakeholders is crucial to
the success of this effort to protect critical areas for marine wildlife.

State Grawth Management and the Effectiveness of
Coastal Management Programs: A Comparison of
Connecticut and Washington State Experiences
Nathaniel Trumbul!®, University of Connectlicut

This research provides a comparative focus in evaluating the
eftectiveness of state coastal management programs in prolecting
estuaries and coastel wetlonds in Connecticul and Washington State.
The latter has become a national ieader in implementing its Growth
Management Act [GMA] since 1990. The GMA has ployed a role in
strengthening Washington State's pre-existing Shoreline Management
Act. Connecticut has proceeded in its siate coastal management
largely in the absence of state-wide growth management legislation.
Conneclicut has relied on its Coastal Management Program, led by

the Office of Long Island Sound Progroms within the Department of
Environmental Prolection, to manage its coasts. The Connecficut Coastal
Management Act of 1980 provides the primary authority for the state’s
comprehensive Coestal Management Program. The author poses

the question of the relative value of state-level growth management
legislation as an essenticl and integral legislative instrument for effective
coostal management based on the Connecticut and Washington

State experiences. Applying the evaluative analysis of Good, Weber,
and Charland (1999), Connecticut and Washington State coastal
management programs are ossessed by means of an indicator-based
approach.

Learning Through Collaboration: The Role of Communities

of Practice in Natural Resource Management
Jdillayne Peers*, Department of Rural Planning and Development

Woatershed planning provides an integrated means by which the
sustainable resource management process can be facilitated. Within
watershed planning, governance struclures are evolving from agency-
based management towards locallevel management. Voluntary
stewardship groups are an important part of this shift. As with other
organizations, stewardship groups rely on learning processes in
practical situations in order o be productive and achieve goals.
Communities o practice theory offers a perspective through which
stewardship groups can be analyzed and strive for improvement.
Communities of practice are centred an three core concepts: Domain
refers to its focal issues and the sense of members’ identity with the
topic; Community includes its member relationships and the nature

of their interactionsélevels of trust, belonging, and reciprocity;
Praclice consists of a repertoire of tools, methods, and skillsaas well
as members’ learning and innovation activities. The goal of this
research is to determine how communities of practice theory applies
to stewardship organizations and activities. This research focuses on
several Streamkeepers groups in the Greater Vancouver crea. Research
will be conducted {during the fall/winter of 2006) using semi-structured
interviews. This research will coniribute to understanding the social
functioning and learning processes that occur within Streamkeepers
organizations

On-Site Septic System Repair and Replacement Financial
Assistance Program

Pairicia Brommer*, Washington Stote Depariment of Ecology

Terry Hull, Puget Sound Action Team

Poorly functioning on-site septic systems are known to contribute

fecal coliform bacteria and excessive nutrient loads to the marine
environment, In addition to the human heclth hazard, eutrophic waters
promote algal blooms and subsequent plant deterioration, which lead
to low dissolved oxygen conditions. With $7.5M in appropriations from
Governor Christine Gregeire’ s 2005-07 Capital Budget and 2006
Supplemental Budget for the repair and replocement of failing on=site
seplic systems, the Department of Ecology {Ecology), collaborated

with Puget Sound Action Team [PSAT), Department of Health (DOH]),
and county and tribal governments, to develop and implement an
On-Site Septic System Financial Assistance Program {OSS). The 0SS
program provides loan and gront money to Pugat Sound county and
tribal governments to assist with funding options for homeowners’
on-site seplic system repairs. In addition to developing the region-

wide program, Ecology worked with PSAT, DOH, and Hood Canal
Coordinating Council fo conceptualize and develop a Hood Canal
Pilot Program. This innovative parinership will be based on an interlocal
agreement between Jefferson, Mason, and Kitsap counties and Port
Gamble §' Klallam and Skokomish tribes and utilize o private non-profit
community development lending institution to provide o “one slop”
financing program lo homeowners for on-sile septic system repairs,

Educating Real Estate Professionals about Water Resource
Issues

Karen Janowitz*, Washington State University Thurston County Extension
Puget Sound’ s water resources are critically affected by land
development and individual land-use practices. Real estate professionals
influence these land-use practices, yet tend to have poor knowledge

of environmental issues. In 1998, o needs ossessment of local
environmental educators identified this audience as a high priority for
water resource education. As a resuli, Washington State University
Thurston County Extension developed and implemented o Water
Resource Education Program for Real Estate Professionals. The program’
s objective is to educate real estate professionals so they can make
environmentally suitable decisions, as well as educate their clientele
about lond stewardship, water quality, and aquatic habitat. Courses
cover research findings, policy and regulations of water resource
related issues such as shorelines, onsites, salmon & sireams and low-
impact development. Hands-on learning through field trips complement



classroom presentotions. Atendees receive continuing education credit
toward their biennial professional license recertification. Over a period
of eight years, over 840 individuals ottended at least one of 67 classes,
representing over 1760 attendances. The vast majerity are from Puget
Sound counties. Follow-up evaluations demonstrale that over 90%

of program participants regularly share information they learn with
clientele ond collecgues, such as the valus of native ptants, reasons

for setbacks, slope stabilization, sepfic maintenance, and slormwater
pollution prevention.

Hood Canal Watershed Pledge
Emily Sanford*, Robert Simmons, WSU Mason Extension

To reduce anthropegenic nutrient loading to Hood Canal, Washington
State University Extension implemented a social marketing bosed
campaign in 2004 to educate ond instill behavior changes ameng
watershed residents. The “Hood Canal Wetershed Pledge Program”
continues today strengthened by continued parinerships and the
efforts of volunieers. The Watershed Pledge program developed and
distributed a booklet that highlighted natural histories of Hood Canal,
and helped residents identify and commit fo toking octions to help
maintein Hood Cenal’ s health. The bocklets were distributed through
personal contacts in a variely of seffings. Parlicipants were provided

a recycled glass suncatcher. Contact information is collected in order
to provide participants with additional assistance and for pregram
evaluation,

The social marketing elements and strategies of these programs include:
*+ Identification of target audiences/issues

¢ Development of desired behavior objectives

* Developmenl of products to promote program objectives

*  Making personal contacts and obtaining commitments

* Measurement of program outcomes; changes in owareness and
behavier

Telephone surveys of representative samples of program participonts
were conducted to measure the effectiveness of these programs in
encouraging behavior changes. This poster provides an overview of
the program, conclusions derived from the most recent evaluation, and
future program direct

Killer Whales and Trans-Border Whale Watching
Anna Hall*, Chris Hall, Whale Waich Operators Association NW

Our search for whales has evolved from centuries of lethal whaling

to the presentday pursuit of simply watching whales. Contemporary
whale watchers aim with cameras and binoculars, rather than harpoons.
Though whale waiching is nonconsumptive, it is widely recognized

that operating guidelines and minimum viewing distances are key to
reducing human impact. Our goal was to provide a synopsis of the

first international cooperative effort between resource managers,
scientists and the whale watchers that operate in the inland waters

of British Columbia and Washington. The southern resident killer

whale [Orcinus orca) population frequents these transborder waters
and is the bosis of a seasonal whale watching industry. This closed
population is small {n<100} and considered Endangered in Canada
and the US. More than 60 commercial and countless recreational
vessels operate within core killer whale habitat. The unique trans-
boundary aspect of the region inspired the formation of the Whale
Woatch Operators Association Northwest (WWOANW) in 1994 by
commercial whale watch operators. Based upen on a principle of open
exchange, the WWOANW provided o communicative platform for
government managers, research scienlisls, enforcement ogencies and
commercial operators. This integrafive approach resulted in significant
conflict reduction omongst compeling interests {e.g. researchers,
commercial operators elc) and improved orgaenization of commercial
vessels. Further achievements include increased rigor of whale watch
guidelines specifying spatial, behavioural and species-specilic operating
procedures and voluntary exclusion zones confributed fo vesselfree

areas. The WWOANW framework also provides an avenue for
financial and inkind contributions lo frans-boundary scientific research.
From this, we conclude that the collaborative process supplied the
incenfive for significant industry modifications, which resulted in
noteworthy conservation actions. The WWOANW framework is
dynamic ond ilerative, and it is hoped to provide o reference for other
whale watch communities, and the managers respensible for the
conservation of coastal cetaceans.

Poster Group 9: Status and Distribution of
Plants, Animals and Invertebrates

Wigeon and Pintail Distribution at Multiple Scales in the
Georgia Basin - North Puget Sound.

Dan Buffett”, Ducks Unlimited Canada

Mark Petrie, Ducks Unlimited Inc.

Stuart Slattery, Institute for Wetland and Waterfowl Research

The Fraser River Delta and the Nerth Puget Sound form one biolegical
unit for migrating and wintering waterfowl. Ducks Unlimited Canada
and Ducks Unlimited Inc. initiated a research program in 2003 tc better
understand waterfowl foraging ot multiple scales of the Fraser Delta end
at the scale of the Georgia Basin Puget Sound. From the fall of 2003 to
2005, 73 American wigeon and 172 northern pintail were fitted with
radic backpacks in the Fraser River Delta. Individual birds were tracked
from December to April using aerial and ground telemetry at the scale
of the Fraser Della and at the scale of Georgic Basin fi Puget Sound.
Over all 3 years, the majority of wigeon and pintail were defined as
wintering birds {55% - 100%) and present within the study area in
January or Februrary. The remainder of birds were migrating birds [not
detected in the study area during January or Feburary but detected in
March or April), or unknown. In cll three years, the majority of wigeon
remained in the Fraser River Delta, while the majority of pintail used
both the Fraser River Delta and North Puget Sound. Consideration of
scale is an important component for conservation planning of waterfowl

Snow Geese Wintering on the Fraser and Skagit River
Deltas: Long-Term Population Dynamics and Grubbing
Impacts on Scirpus Marshes.

Sean Boyd *, Environment Canado (Canadian Wildlife Service)

Wrangel Island [Siberia) supports the last remaining breeding
population of Lesser Snow Geese {Anser c. caerulescens) in Russia.

This populotion overwinters in two distinct areas of North America: the
Fraser River (B.C.) and Skagit River (WA) deltas [northern area) and
the central valley of Californio [southern area). Since the early 1970s,
the proportion of Wrangel geese winlering in this northern area has
grodually increased to the point where the Fraser and Skagit delias now
support 60-65% of the entire population. Consequently, management
agencies on both sides of the B.C. - WA border have an increasingly
important [international) responsibility to mainiain this population, and
its natural habitats, at healthy levels. Measurements of Scirpus stem
densities in the lale 1980s - early 1990s suggested that a low-level
sleady-state equilibrium existed between goose grubbing and plant
re-growth rates; i.e. plant biemass was relatively low but constant across
years. However, food subsidization on the winter grounds combined
with unusually good weather conditions on Wrangel Island in recent
years have resulted in o 24old increase in goose abundance. This
population increase has coincided with a 50% decline in Scirpus stem
density on the Fraser River delia. If this situation continues, Scirpus may
be impacted to such an exient in some areas that it may not recover. This
could put some Snow Geese ot risk as they are sfill highly dependent
on the marshes for food during freezing spells. It will be important to
continue to monitor this interaction while responsible agencies discuss
ways to alleviate the problem.
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Upper Skagit Watershed Native Char: States and
Distribution of a Fragile, Transboundary Species in the

Greater Georgia Basin Ecosystem
Troy Nelson®, LGL Limited environmental research associates

A biotelemetry-based field project to collect stock status, life history,
and distribution information for native char in the upper Skagit River
watershed across the Canada-US border commenced in the fall of
2001 and was completed in the winter of 2004. The four-year, jointly
prescribed, Canodian-United Siates project included stock age/
abundance estimates and habitat utilization assessments. A total of 67
individual char were captured in the BC Skagit River and fitted with
surgically implanted radio tags prior to release. In addition, a total

of 29 char were radictagged on the Washington side of the border.
Confirmed survival (from telemetry detections) following relecse was
100%. Tag life span and reliability were very high, with some tags
operating for over thres years. The majority of Upper Skagit char

that frequent the Skagit River in BC utilize both sides of the border on
an annual basis; virtually all tagged chor resided in Ross Reservoir
{Washington) during winter months. Chor abundance surveys suggest
that the population of char in the BC Skagit is low (likely less than 300
sub-adults ond adults). Distribution information suggests the Sumallo
River [BC) is both key and critical to the integrity of the overall BC
Skagit River char population. Program studies in British Columbia were
conducted by LGL Limited {Sidney, BC), and administered/supporied
by the Ministry of Water, Land and Air Proteclion, with significant
contributions from Seattle City Light.

Status and Trends of Puget Sound Great Blue Heron
Breeding Colonies

Ann Eissinger”, Nohkeeta Northwest Wildlife Services

The Great Blue Heron [Ardea herodias) is a large familiar wader that
resides year-round throughout the coastal lowlonds of the Salish Sea.
As an environmental indicator species linking marine, freshwater and
terrestrial habitats, the Great Blue Heron was selected by the Puget
Sound Nearshore Restoration Partmership as a Velued Ecosystem
Component. As a resull, g synthesis of existing information was
prepared including, the status and trends of Puget Sound’ s Great
Blue Heron breeding population. Data over a ten year period, 1995-
2004 provided a profile of the known heron colonies within the Puget
Sound region. During this period, the heron breeding population
appeared to increase slightly, while colonies shifted significantly into
larger consclidated breeding concentrations. This shift has resulted

in 80 percent of the breeding population coalescing inta eleven
colony sites. The consalidation of the heron breeding population
poses new questions regarding this species’ response to a rapidly
changing landscape, predation and possible shifts in prey availability.
Vulnerability of the breeding populafion has also increased with
consolidation, requiring a reexamination of management guidelines and
the conservation of colony sites and their supporfing habitats.

Great Blue Herons of the Salish Sea: Status and
Conservation.
Ann Eissinger”, Nahkeeta Northwest Wildlife Services

The Salish Sec represents the greater ecosystems of Puget Scund, Strait
of Georgia and Strait of Juan de Fuca. This biclegically rich coastal
region is represented by few species as completely as the Great Blue
Heron (Ardea herodias fonnini). Although Great Blue Herons range
throughout North America, the Salish Sea harbors a distinct resident
population and the highest concentration of breeding herons on the
west coast. Research and conservation of this important population is
ongoing in both Washington and British Columbia. The current status
and conservation of the Salish Sea Great Blue Herons will be presented
by the transboundary Heron Working Group. The Heron Working
Group is dedicated ta the cooperative scientific study, conservation and
stewardship of the Great Blue Heron. Biologists and conservotionists

are working together to collect and share both technical and biological
information to guide the protection and perpetuation of this unique
population.

Effectiveness of a Commercially Available Dog and Cat
Repellent in Reducing River Otter Defecation On Docks
Robert Rorabaugh*, Eric Eisenhardt, Joseph Gaydos, SeaDoc Society,
UC Davis Wildlife Health Center

River otters (Lontra canadensis] are widely distributed throughout the
marine waters of the Georgia Basin Puget Sound where they primarily
feed on numerous species of marine fish and inveriebrates. They have o
high metabolic rate and defecate at iatrine siles an shorelines, playing
an important role in the transfer of nirogen and phosphorus from marine
to terrestrial ecosystems. Otters also use docks and boats as latrine
sites and offended private citizens have resorted o illegal trapping or
shooting of ofters in some areas. A commercially avoilable granular
dog and cat repellent was tested for its effectiveness in reducing or
eliminafing river otter defecation on docks. Three docks that contained
river ofter scat were freated with the repellent and three proximel

docks that contained river ofter scat were used as controls. River otter
scat deposition was meosured immediately before and weekly for

four weeks following application and differences between treated and
untreated docks were compared. Depaosition on treated docks was
significontly lower than an non-reated control docks, however treatment
did not eliminate river otter defecation on docks. Treatment with this
commercially available repellent could be suggested as an option to
private dock owners frusirated by river otter defecation on docks.

Red Octopus Drills Clams

Roland Anderson*, Seattle Aquorium

David Sinn, University of Tosmania

Jernifer Mather, Universily of Lethbridge

Since the clarification of its species name (Berry, 1953) there have

been a number of behavioral studies on the red octopus (Octopus
rubescens), but few studies on its prey or predotors in spite of being the
most common octopus on the American west coast. There are a few
casual studies on it food in the wild and one study that suggested red
octopuses keep their middens inside their dens found a variety of food
items, including clams. Informal observations of its food in captivity
showed it able to open and eat the commercially-available Manila clam
{Venerupis philippinarum). Such observations spawned this current study
on how red octopuses open clams. Live Manila clams were obtained
from @ local fish market and fed ad libitum to 10 red octopuses [mean
weight 73 g). The opened clams were examined for method of entry.
Mast clams were drilled by the octopus’ s radula in combinalion

with a salivary papilla that dissolves shell material like @ moon snail
drills. Octopuses drill their bivolve prey in order fo inject @ venom that
paralyzes a clam’ s muscles. The drilt holes were primarily locoted

over a clam’ s adductor muscles (66%; n = 171] that hold clam shells
together, and the majority {952%) of the drill holes were drilled over the
anterior adductor muscle. 1t is likely the oclopuses were targeting the
adductor muscles to drill and inject venom into these major muscles that
hold a clom together. It is not known yet whether on octopus learns to
drill a clam over the adductor muscles or whether this knowledge is
inborn; studies on other octopus species suggest it is a learned behavior.

The Relationship Between Oceanagraphic Conditions and
Terrestrial Habitat for Marine Use, Nest Site Selection and
Breeding Success of Marbled Murrelets: Implications for
Reserve Design and Management

Jennifer Barrett®, Dr. Kristina Rothley, School of Resource and
Environmental Managment, Simon froser University

Ressrve design, in any system, must relate to the ecology, natural
behavior and life history of the target species, as well as the varicbility
cf their habitat. In designing reserves however, plenners often aim to
optimize conservalion either on land or at seq, withoul considering the



relationships that may exist between the two landscapes. This can be
particularly detrimental for species with lifecycles that are tied to both
ecosystems. The Marbled Murrelet {Brachyramphus marmoratus), a
small seabird that depends on both terrestrial old-growth habitat and
coastal marine areas for survival and reproduction, is an example

of such a species. While huge advances have been made in our
understanding of murrelets aver the past decade, significant data

gops still remain. In particular, there appears to be a lack of data
addressing the role of marine factors in maintaining a healthy murrelet
populaiion, and how these factors interact with the terrestrial landscape
to produce “good nesting habitat”. The aim of my research is to relate
oceanographic conditions to the marine distribution and breeding
success of Marbled Murrelets, and, by integrating my findings with
lerrestrial landscape models, to identify critical areas that should be
considered in the management and recovery of this species. My poster
will present this work in progress.

Swinomish Review of EMAP Methods for First Order Non-
Fish Bearing Streams in the Puget Sound Lowland Region

Sarah Akin*, Todd Miichell, Rache! LovellFord, Swinomish Indian Tribal
Community

The Swinomish Stream Bicassessment survey was initiated to
characterize and track changes in the physical and biclegical condition
of the three perennial first-order, nonfish bearing steams located on

the Swinomish Reservation, Washington State. To assess the ecolegical
state, this project is using methods derived from EMAP Surface Waters:
Weslern Pilot Study Field Operations Manual for Wadeable Streams
[Peck et al., 2003). The sireams on the Reservation present unique
geomorphological and ecologicat challenges for the application of
EMAP methods as well as the development of @ Swinomish Biclogical
Index. The streams are small, wetland drainages (wetted widths less than
one meter] supported by groundwater inputs and rain events, with low
summer flow and flashy winter events. The three watersheds are forested
and sparsely developed, with little indication of persistent anthropagenic
disturbances. Recommended data analysis metheds {Kaufmann et al.,
1999) suggest that the streams exhibit high quality riparion habitat, low
quality in-stream hebitat, and low invertebrate abundance {Wissemen,
2005). Current indices for comparing the biological and physical
integrity of Puget Sound Lowland streams have proven lo be inadequate
rulers for streams of this scale. Prominent features of small first order
streams were given litlle weight. With further refinement, a small stream
index can be derived to creale numeric biological criteria for the
Swinomish Water Quality Standards.

The Pacific Coast Ecosystem Information System (PCEIS):
Creating a Baseline for the Future

Deborah Reusser™, U. S. Geological Survey

Henry Lee li, U. 3. Environmental Protection Agency

Coastal researchers and mancogers have a growing need for ready
access to a diversity of data types, including estuarine-specific lists

of native and nonindigenous species and estuarine/landscape
characteristics. These data are key components in ecological risk
assessments in general and in early detection A rapid response
strategies for invasive species in particular, However, this information is
scattered in the peerreviewed and gray lilerature as well as State and
Federal dalabases. To address this problem, the U.S. EPA and USGS
have developed o dalabase, Pacific Coast Ecosystem Information
System [PCEIS), synthesizing biolegical and landscape characteristics
for the estuaries of Oregon, Washington, and California. Currently,
PCEIS contains georeferenced information on 219 estuaries and more
than 600 sub-estuaries and tributaries. Occurrences of nafive and
nonindigenous species of benlhos, fishes, and seagrasses for each
estuary along with physical information on the ossociated watershed
such as percent intertidal area, wetland, an land use patterns are
summarized and can be displayed or exported for modeling or other
research needs. Presently PCEIS contains over 7800 species of native

and nonindigenous species that provides the ability to rank estuaries
by relative percent invasion or generating baselines of native species
to evaluate impacts of invasive species on indigenous fauna. This
information will be distributed in a stand-alone ACCESS database.

Diel otolith increment validation in larval lingcod
(Ophiodon elongatus)

Jake Gregg ™, Marrowstone Marine Field Station, USGS, Biologicol
Resource Discipline

Kenneth Massee, Rod Campbell, Neil Ashion, Manchester Research
Station, Northwes! Fisheries Science Center, NOAA Fisheries

Lingcod early life history characteristics, including large active larvae,
long pelagic phase, and separation of juvenile and adult habitats,
could easily confound spaticl manegement schemes (i.e. MPA' s).
Otolith increments, as ¢ proxy measure of time, would be o valucble
lool for esfimating the duration of the larval phase and potentially the
magnitude of dispersal in this species. A validation study was conducted
la determine whether growth rings in lingcod are depasited with diel
periodicity. Lingcod larvae from a single egg mass (synchronous hatch}
were reared in six 300 i floating mesocosms at the Manchester Field
Station in central Puget Sound. Three feeding regimes (once every
other day, once daily, and twice daily) were utilized to control for the
potential effect of feeding periodicity on diel rhythms. Larvae were
sampled from all treatments on day-0, day-1, day-2, and every even
day through day-24. Weekly samples were tcken through day-67.
Ctoliths were removed, mounted, and examined using standard bright
field microscopy. Sagittal growth increments were easily distinguishable
and spaced well above the resolution limits of light micrescopy. Otoliths
from larvae clder than 45 days became too thick to read without
grinding and were therefore not included in further analysis. Rate of
increment formation was 0.944 day-1 for sagittae combined from all
lreatments. Sagitta increment counts are a good predictor of age in
larval lingeed.

Genetic Biomarkers of a Levkemia-Like Disease in Mussels.
Ekaterina Vassifenko ®, Annette Mutiray, Susan Baldwin, University of
British Columbia

The mussel Mytilus ssp. develops haemic neoplasia, underlying causes
of which are sfill under investigafion. It has been shown that the protein
p53, an important tlumor suppressor, is involved in the disease. The

wild type protein p53 responds to DNA damage in cells by regulating
the normal cell cycle leading to cell cycle arrest and DNA repuair, or

to programmed cell death. We previously isolated several isoforms of
the p53 fomily in Mytilus which are structurally very similar fo p53 in
cother taxa. Some of the isoforms are not able o perform the tumour
suppressor function. We are currently quantilying expression of p53
isoforms. Preliminary data suggest that p53 is expressed at higher levels
in leukemic haemocytes of diseased mussels. The increased expression
of p53 in leukemic haemocytes leads us to investigate whether this p53
is functional. Therefare we have initialized sequencing experiments

of p53 in narmal and leukemic mussels. Preliminary data show that
leukemic mussels have mare frequent mutations in p53 than narmal
mussels. One of the mutations observed codes for truncated and non-
functional p53 protein. Further mechanistic studies are required to verify
that p53 gene mutation and expression level analysis can be used as
early-warning biomarkers of the disease.

Assessing the Role of Microhabitat Associations in
Producing Among-Taxon Congruence

Shannon Turvey*, University of British Columbia

Melissa Hogg, Simon Fraser University

John Richardson, University of British Columbia

Observational studies have demonstrated significant weak correlafions
in diversity across multiple taxa, but have generally failed to find
evidence of strang acrosstaxa congruence. However, examples of
experimental studies testing for acresstaxa congruence as a result of en
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underlying ecological mechanism are largely lacking. One mechonism
that may produce congruence is use of @ common habitat element by
several toxa. Downed wood [DW} is abundant in the Pacitic Northwest
and is utilized by small mammals, emphibians, and invertebrates for a
variety of ecological funclions. We have used experimental additions of
downed wood to riparian areas in a BAC! {before-after, conlrol-impact)
design fo test for congruence in diversity across sites between small
mammals, amphibians, and ground beetles due to their common use of
downed woed as a habitat resource. The relationship batween these
taxc and downed wood volumes will be assessed, and the presence or
absence of crosstaxa congruence will be evaluated. The resulls of this
study will be relevent to riparian menagement and to an evaluation of
the effectiveness of biodiversity monitoring programs thot utilize species-
level indicators or indicators of habitat quality.

Infaunal Invertebrate Assemblage Structure in Hood
Canal, WA (1989 - 2005)

Margaret Dutch*, Sandra Aasen, Edward Long, Kathy Welch,
Washington State Department of Ecology

The structure of invertebrate assemblages in Hood Canal sediments
was examined by Ecology’ s Puget Sound Assessment and Monitoring
Program Sediment Monitoring Team as part of an effort to assess

the elfects of low dissolved oxygen on benthos in Hood Canal for

the Hood Canal Dissolved Oxygen Program. Examinalion of benthic
indices, calculated from all available data ¢ollected from 1989
through 20035, revealed o number of spatial patterns. Unique infaunal
assembloges were distinguished for nine sub-regions of Hood Canal.
Infaunal abundance, diversity, and dominance decreased from north
to south along the canal’ s main axis and in the deepest stations, as
levels of nearbotiom dissolved oxygen decreased and sediments
increased in sitt-clay and organic carbon content. Stations in northern
Hood Canal and in shollow, nearshore locations, with relatively low
percent fines and TOC values, had the most diverse assemblages, with
o well-balanced mix of annelids, arthropods, and bivalves. Less strass-
tolerant orthropods, echinoderms, and miscellaneous taxa generally
became rare or absent from north 1o south, and in the deepest locations,
while more stress+olerant polychaetes and several ubiquitous bivalves
{Axinopsida serricata, Macoma carlottensis, and Macoma sp.) became
dominant, Existing temporal data were limited and were insufficient to
indicate Irends.

Northern Anchovy Spawn Observations in the Puget
Sound Basin

Kurt Perry *, Dan Penttila, Washington Depariment of Fish and Wildlife
Northern anchovy (Engraulis mordax) are a small, pelagic, schooling
fish ranging from Baja California to central British Columbia, Canada.
Three distinct stocks [northern, central, southern) exist with the northern
population renging from northern California to ceniral British Columbia.
This species is an important prey for many species of seabirds, marine
mammals and fishes. Northern enchovy eggs are pelagic and typically
drift in the upper 10m of the ocean current for 2-4 days before
hatching. Although well documented in California and Oregon, data
pertaining to northern anchovy spawning behavior within the Puget
Sound Basin is scarce. In order to better document the distribution of
northern anchevy spawning activity within the Puget Sound Basin, we
collected 73 plankton samples from 53 distinct locations ranging from
Blaine, WA {north) to Clympia, WA (south] between 6/21/04 and
8/21/06. Ol these samples, 54 [74 %) contained northern anchovy
eggs. Additionally, Washington Depariment of Fisheries plankton

data collected from 1971 to 1987 was analyzed for presence of
northern anchovy eggs. Sampling sites dapicting prasence or absence
of northern anchovy eggs are presented. Results indicate a wide
distribution of previously undocumented northern anchovy spawning
activity throughout the Puget Sound Basin.

Blood Analysis and Disease Screening on Free Ranging
Steller Sea Lions {(Eumetopias jubatus)

Dyanna Lambourn*, Steven Jeffries, Monique Lance, Washington State
Department of Fish and Wildlife

Peter Clesivk, Department of Fisheries and Oceans

Stephan Raverty, Animal Health Centre

Andrew Trites, University of British Columbia

Steller sea lions {Eumetopias jubatus) disperse from breeding rockeries
in southern Oregon, British Columbia and Alaska, and begin to arrive
in the inshore waters of southern Vancouver Island and Washington
during August-October. All age classes of Steller sea lions oppear o
undertake movements associated with the availability of prey while on
the wintering grounds, until animals begin to depart in April-May. These
intand waters are fairly protected from adverse weather, are easily
accessible and provide an ideal opportunity to develop and lest new
field techniques for capturing and handling healthy, free ranging Steller
sea lions and conduct detailed studies on foraging ecology. It also
allows for blood and tissue collections from these Steller sea lions. Sea
lions were captured, using a floating trap anchored off of Norris Rock,
British Columbia as part of a collaborative study between Washington
Department of Fish and Wildlife, Depariment of Fisheries and Oceans,
Canada, and the University of British Columbia. In the post, Steller sea
lions have also been occasiondlly captured on a similar floating trap at
Shitshole, Washington. Captured sea lions were moved into a squeeze
coge, where they were physically immabilized and general population
characteristic data collected. Sea lions receiving telemetry insiruments
(ARGOS satellite transmitters, time depth recorders and stomach sensor
pills) were sedated with valium ond then were anesthetized using
isoflorane gas anesthesia and closely monitored. We were able to
capture, handle, collect fissue and blood samples and attach a variety
of instruments all classes ranging from yearlings to adult-sized animals
weighing up to 580 kg. Bosic serum chemistry and hematology were
conducted Io establish baseline and provide a general indicator of the
condition ond health of animals. Blood for General Diagnastic Panel
(Complete Blood Count [CBC] and serum chemistries) was completed
for 33 Stelier sea lions. Serum was screened for the presence of
antibodies to Brucella abortus antigens using traditional methods [BAPA,
Cerd and Rivanol! tests). No sea lions had positive titers for Brucellg,
but 9% had suspect liters. Leptospirosis screening included testing with
L. pomona, L. hardjo, L. grippofyphosa, L. icterohemorrhagioe and L.
canicola using MAT (Microscopic Agglulination Test), ond fourteen
percent had suspect (2/28) or positive (2/28) fiters to Leptospira
pomona.

Using Diagnostic Genetic Markers to Identify Hybrid
Sebastes in Puget Sound

Piper Schwenke*, Lorenz Hauser, University of Washington, SAFS
Linde Park, Northwest Fisheries Science Center

Hybridization is o major conservation and manogement issue in many
freshwater and terrestrial species, but has so far received litle attention
in marine spacies. Nevertheless, the implications for species of concern
may be considerable, in particular where anthropogenic influences
may affect the frequency of hybridization. The purpose of this project
is to expand our knowledge of hybridizafion between copper rockfish
(Sebastes caurinus}, quillback rockfish {S. maliger), and brown rockfish
(5. auriculatus) in Puget Sound. Although these spacies are found in
sympatry along the Pacific Coast and in Puget Sound, there has only
been evidence of hybridization within Puget Sound, [documented

by L. Seeb, V. Buonaccorsi, ond others). This project will use several
speciesspecilic genetic markers to determine the geographic extent of
hybridization plus the direction of hybridizalion in Puget Sound. Our
sample collection contains approximately 400 samples of copper,
quillback, and brown rockfish from Puget Sound (WDFW and AFSC)
and 90 reference samples from coastal populations {SWFSC). Our
initiol resulls confirm that hybridization is in fact present in many of



our Puget Sound samples. These genetic markers are fixed for each
species, are easy lo ossay, and ore independent lests for hybridization;
therefore, we have implemented a strong capability to evaluate the level
and incidence of hybridizalion in these Puget Sound rackfish.

Garry Oak (Quercus garryana) Plant Communities in
British Columbia: A Guide to Identification

Wayne Erickson®, Del Meidinger, BC Ministry of Forests and Range
This field guide cavers the native plant communities with a component of
Garry oak [Quercus garryana) in British Columbia. It is to be released in
March 2007 as BC Minsiry of Forests and Range Technical Report 040.
The purpose of this guide is to standardize the use of plant communities
in conservation and recovery of the Garry oak habitat, and thus 1o
move toward an ecosystem approach. Stondardized communities con
provide a basis for mapping and inventory. The guide is also intended
to provide targets for Garry cak habitat restoration, and could heip
identify reference communities, which are then monitored to detect
long4erm ecological trends. Compared with previous work, this guide
introduces the plant association as a new, simplified level. The seven
plant associations {see below) are subdivided into 16 plant community
types and 6 subcommunities. Most are similar to those in Erickson
{1996, 1998), with changes mainly in the level of classification.
Categories are maintained for bedrock outerop and colluvial, early

and late season {phenclogical), grassy, and shrub thicket communities.
Native communities from each of these categories are included in
one-page descriptions. Sections include a general descriplion of sites,
soils, stands, and vegatative composition; a chart with geographic area
against site moisture regime; comments including equivalent communities
and succession lo native or invasive olien communities; o chart with the
relative importance value of the major understorey plant species; and

a chort with management rankings. It is hoped that this guide will be
updoted and refined over time through use and tesling, together with the
incorporation of local knowledge on plant communities.

Poster Group 10: Migration, Behavior, and
Physiclogy

Impacts and Adaptation Responses of Salmon on East
Coast Vancouver Island of Climate

Mark Johannes™, University of Victoria & Golder Associates

Jennifer Chow, Asit Mazumder, University of Victoria

Climate variation and change is one the larger prevailing issues strongly
linked to the success and condition of salmon populations, habitats
and watersheds in Brilish Columbia. Planning ond implementation at
the siream and wotershed level, should incorporate an understanding
of present and future climate issues and recognize present and future
vulnerabilities and on salmon populations ard habitats. We examine
the habitat use of adult spawning chum, chinook and ccho salmon
and subsequent post spawning carcass deposition in small east
coast Vancouver Islond stream in association with seasonal rainfall
and changes in the hydrograph and water and air temperatures.

Wa also present a series of case studies to highlight the histaric and
recent patterns of change in watersheds and the condition of habitat
which has led to recovery planning for salmon populations. We use
these examples to explore approaches for understanding o climote
context for salmon populations and habitats and how to reconstruct
flow ond temperalure patterns and build projections into future plans.
The considerable annual variation and changing impacts of climate
on salmon and habitats, suggests that our plans and restoration
implementation we will need to be responsive to change and adjust our
practices and processes to reflect the level of risk and vulnerability to
climate.

Urban Predators: Patterns of Movement of Sixgill Sharks
Hexanchus Griseus in Puget Sound.

Kelly Andrews*, Phillip Levin, Stephen Katz, NOAA Fisheries
Debbie Forrer, Greg Bargmann, Washington Department of Fish &
Wildlife

Greg Willioms, NOAA Fisheries

Understanding life histories of apex predators is crucial for
understanding how marine ecosystems respond to human perturbations
as well as for effectively conducting ecosystem-based management.
Even so, we lack basic knowledge of many large predatery fishes. In
Puget Sound, we are investigating movement patterns and habitat use of
sixgill sharks, a large, abundant predator in the region. We acoustically
tagged 25 sixgill sharks with pressure sensor transmitters and monitored
their movement patterns via passive and active acoustic receivers along
a 70 km strefch of Puget Sound. Movement patterns and habitat use
differed by shark size and among sites. However, sharks clearly oceupy
relatively small areas for weeks at a time, indicating the potential for
strong, localized top-down effects. Sharks showed some diel differences
in behavior, but these differences were complicated by site, gender

and size related effects. These data form the basis of empirically-based
movement and bicenergetic models.

Coho Salmon Movements in the Lower Elwha River:
Implications for Recolonization Following Dam Removal
Kinsey Frick®, NOAA/NMFS/NWFSC

Brian Burke, Northwest Fisheries Science Center, NOAA Fisheries
Service

Raymond Moses, Lower Elwha Klollam Tribe

Pacific salmonid (Oncorhynchus spp.) populations in the Elwha River
are currently depressed. These historically strong runs of salmon are
either extinct or supported primarily by hatcheries, partly due to the
existence of wo dams that have blocked access to large portions of the
river since the early 1900s. These dams are scheduled to be removed,
providing salmon access to 79 km of pristine spawning habitat in the
Olympic National Perk. Using radictelemetry, we monitared migration
and behavior of coha solmon in the lower Elwha River in relation to
environmental cues. We tagged, released, and tracked 14 adult coho
salman in 2005 and 45 in 2006 using a combination of fixed receiver
sites and mobile tracking. We followed fish mavements and identified
essential habitat types used. Fish movements varied from almost none
to several kilometers up- and downstream as fish searched for suitable
spawning locations. In 2005, many fish settled in the tagging areq,
which was saturated with large woody debris and gravel, known to be
high quality habitat for eoho salmen spawning. In 2006, we tagged
closer to the river mouth where fish were actively migraling to betier
assess movement to other polential spawning locations in the river.

Orcinus Orca: No Paroallel Outside Humans

Howard Garrett*, Orca Network

Recent theoretical studies of culture in whales and dolphins hove
reviewed experimental research on capfive onimals ond patterns

of behavioral variation found in wild populations. Captive studies

of cognitive processes in dolphins have provided indicalions of the
capacity for culture in dolphins. The ethnographic approach, based
on evolutionary ecology, has found evidence that the vocal and
behavioral traditions of killer whales {Orcinus orca) appear to have
no parallel cutside humans. To date, however, no published theory
has provided a synthesis that accommodates both the experimental
findings and the ethnographic evidence and clarifies the form of social
learning that underlies both. The theory of symbolic interactionism,
borrowed and adapted from sociology, provides a conceplual
framework for integrating the experimental “process-oriented” and the
ethnographic "productoriented” perspectives. Symbolic interactionism
may help account for the divergent and complex cultural traditions
found in sympatric orca populations. Prevailing theoretical paradigms
(behaviorism, evolutionary ecology, cognitive ethology) do not discuss
the possibility that any non-human animal uses symbols extensively in
normal everyday communication, or that the use of symbols substantially
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affects behavior. The theory of symbolic interactionism synthesises the
experimental and the ethnographic observations that indicate that there
is good evidence for cultural transmission in several cetacean species.

Reproductive and Stress Hormone Levels in Captive Giant

Pacific Octopus (Enteroctopus Dofleini}
Shawn Larson™, Rolond Anderson, Seottle Aquarium

Giant Pacific actopuses [Enteroctopus dofleini) are held in many aquario
worldwide, The Seatfle Aquarium has held them on exhibit since
opening in 1977. Capfive husbandry of this species is well understood
but the endocrine mechanisms regulating reproduction and stress are
not well documented. The major reproductive hormones found within
female vertebrates {progesterone and estrogen) and male vertebrates
(testosterone) and the stress related hormone (corticosterone) are
relatively well known. It is thought that the endocrine system controlling
reproduction and the siress response within vertebrates evolved First
within invertebrates. However, very few stydies have been done to date
on invertebrale reproductive and siress related endocrine variables.
Here we report longitudinal date on non-invasively collected fecal
reproductive and stress hormone metabolite levels within five caplive
femaie and four male giant pacific octopuses held at The Seattle
Aquarium. Reproductive and stress hormones were measured within
octopus fecal sample extracts using standard immuncassoy technigues.
Longitudinal samples were examined indicating seasonal reproductive
cycling within both male and female octopus with one observed mating.
The data documented changes in relative fecal reproductive hormone
metabolites similar 1o that found within repreductively active vertebrates.
In addition ta changes in reproductive hormones, the cclopuses

also exhibited a vertebrate like endocrine siress response (elevated
corficosterone} to a stressor. These results suggest that hormones found
in octopus feces can be used to determine octopus life stages and stress
levels in captive animals.

Poster Group 11: Water Quality and Qum;fy

Contaminant Concentrations in Storm Water Entering

the Sinclair/Dyes Inlet Subasin of the Puget Sound, USA
During Storm Event and Baseflow Conditions

Jill Brandenberger *, Chris May, Valerie Cullinan, Batelle Pacific
Northwest National Labaratory

Robert Johnston, Space and Naval Warfare Systems Center

Dwigth Leisle, Bruce Beckwith, Victoria Whitney, Puget Sound Naval
Shipyard & intermediate Maintenance Facility

David Mettalo, Ryan Pingree, Brion Rupert, The Environmental Company
Contaminant concentrations in representafive streams and outfalls
discharging into Sinclair and Dyes inlets were evaluated during

18 storm events and wet/dry basellow conditions between Nov.

2002 and May 2005. A combination of time-composites, flow-
compaosites, and grab composites along with low measurement

were collected and samples were analyzed for metal contaminants
[mercury, arsenic, cadmium, chromium, copper, lead, silver, and zinc),
organic contaminants {polycyclic aromatic hydrocarbons (PAHs] and
polychlorinated biphenyls), and nutrients {total inorganic nitrogen and
tatal phosphorus) to determine event mean concentrations (EMCs) as

a bunction of total event rainfall and upstream land use. Samples were
also analyzed for aluminum, total suspended solids, and total and
dissolved organic carbon to examine relationships with particulate
matier and organic carbon. The results showed that EMCs for oulfells
were often five times higher than streams for the metals and 24 times
higher for PAHs; however, calculated loadings from outfalls were lower
than streams due to the greater volumes discharged from streams. EMCs
for total copper, lead, zine, and mercury in sireams were positively
correlated with storm size, but an inverse relationship for outfalls was
found suggesting a dilution effect with larger storms. The data were
used to develop statislical estimates of contaminant levels in streams and

ouHalls as o function of upstream landuse and storm intensity.

Sediment Redox Tracers and Metals in Strait of Georgia
Sediments - Can They inform Us of The Loadings of
Organic Carbon from Municipal Wastewater?

Robie Macdonald™, Fisheries and Oceans Canade

Sophia Johannessen, Department of Fisheries and Oceans

Charles Gobeil, INRS, Quebec

Cynthia Wright, Contractor

Albert van Roodselaor, Greater Vancouver Regional District

Seven box cores have been collected from the Strait of Georgia from
regions near the lona municipal outfall (off the Fraser River) and from
basin and distal locations. Sediments have been dated using 210Pb and
analyzed for organic carbon, redox elements ond tracers (Re, Mo, Mn,
Cd, AVS) and selected heavy metals {Zn, Pb, Cu, Hg and Ag). The data
will be examined for evidence of the source and strength of organic
carben loading and burn-down in each core based on redox tracer
distributions, and the source of contaminants based on the other metals.

Toxigenic Pseudo-Nitzschia Species in Puget Sound and
the Outer Washington Coast

Keri Baugh®, Shelly Nance, Shuk Tsui, Brian Bill, Nicolaus Adams, Vera
Trainer, Northwest Fisheries Science Center

The Ecology ond Oceanography of Harmful Algal Blooms in the
Pacific Northwest (ECOHAB-PNW!} project was designed to study the
physiology, toxicology, ecology, and oceanography of the pennate
diatom genus Pseudo-nitzschio, several species of which produce the
toxin, domoic acid {DA). Determining the environmental conditions
under which Pseudo-nitzschia produce and release DA is imporlant in
assessing the species that pose the greatest threat to the safe harvest of
coastal shellfish populations. Te gain an understending of the species
of Pseudo-nitzschia that are the major loxin preducers in the Pacific
Northwest coastal waters, representafive isalates from the ECOHAB-
PNW study site were grown as clonal cultures. Both particulate and
dissolved DA were meosured af various stages of growth using an
enzyme-linked immunosorbent assay. By comparing the relotive toxin
levels in cultured isolates with toxin measured in seawater samples
coliected during ECOHAR cruises and in beach samples from Puget
Sound, we were able to estimate relative toxicities of Pseudo-nitzschia
from Washington State coastal waters.

Genetic Differentiation of Pseudo-Nitzschia Pungens
from the Pacific Northwest and the North Sea

Nicolaus Adams*, NOAA/NMFS/NWFSC

Russell Herwig, Lorenz Hauser, Gabrielle Rocap, University of
Washington

Vera Trainer, NOAA-Fisheries

Using microsatellite data, the population genetic structure of Pseudo-
nitzschia pungens in the Pacific Northwest ond the North Sea

was compared. The Pocific Northwest samples showed significant
deviations from Hardy-Weinberg and linkage equilibrium whersas
the North Sea sample had none. The Pacific Northwest samples were
significantly differentiated from the North Sea sample bath when
considered individually and as a pooled sample, but the individugl
Pacific Northwest samples were not significantly differani from each
other. However, clustering algorithms were able to separate the Pacific
Northwest samples into two separate populations that exhibited

few deviations from Hardy-Weinberg expectations and no deviation
from linkage equilibrium. The degree of differentiation between the
subpopulations in the Pacific Northwest indicated thot there may be
cryptic speciation of P. pungens as these subpopulations were more
divergent than either was from the North Sea sample. This approach
will be used in the future ko compare oceanic sirains of Pseudo-nitzschia
species o those responsible for domoic acid events in Puget Sound.



Depleted Oxygen Levels in the Nearshore Waters of
Northern Washington

Mary Sve Broncato *, Lindsey Milonas, David Kirner, Olympic Coast
National Marine Sanctuary

In 2004 the Olympic Cocst Naticnal Marine Sanctuary {OCNMS)
initiated dissolved oxygen {DO) manitoring to determine the timing,
severity, and extent of depleted oxygen levels aleng the Clympic
Coast. in 2004 and 2005, CTD-DO casts were taken off the RV
Tatoosh biweekly between June and early October along three cross-
shelf transects ot Cape Alava, Techwhit Head and Cape Elizebeth. In
2006, OCNMS deployed moorings with continuous CT-DO recorders
approximately 1 meter off the sea floor along two of these transects and
conlinued casts along the third. No measured oxygen levels recorded in
2004 or 2005 could be characterized as hypoxic (<2mg/L). However,
in 2004, near hypoxic conditions (<3mg/L) were routinely measured.
In 2005, a few “near hypoxic” events were measured at >50m depths
off Cape Elizabeth in May- July. In 2006, hypoxic conditions occurred
in May ond June s far north as Cape Alava and as far south as Cape
Elizabeth. Hypoxic condifions were more extensive at Cape Elizabeth,
extending into shallower and deeper waters and for longer durations.
Data co-occurring with the reported fish and crab mortality events

in late july near Cape Elizabeth are supported by dissoived oxygen
concentrations that got as low as 0.02 mg/L between 16 and 30 July
2006. No observations of invertebrate or fish mortalities were reported
during the May, June, or August hypoxic events, which could be due to
a variety of reasons, e.g., the events were short in duration or limited in
extent, no observers were on the beach ot the time, etc.

Development of Non-invasive Methods to Monitor
Environmental Pollutants in Coastal River Oters of the
Puget Sound/Georgia Basin

Daniel Guertin*, Alton Harestad, Simen Fraser University

John Eliioft, Environment Canado (Canadian Wildlife Service)

Pollution of aqualic ecosystems is o major threat to river otter (Lontra
canadensis) populations, yet little effort has been made 1o monitor
environmental contaminant levels in wild ofters. Due to their elusive
nature, river otters are difficult to study in their natural surroundings,
however, advances in noninvasive sampling has opened opportunities
for gathering information on the species. In a pilot project, scat samples
obtained from marineforaging river olters near Victoria, BC in the
Puget Sound/Georgia Basin (PSGB) had elevated levels of industry
produced polychlorinated biphenyls (PCBs). Based on these results,

we have undertaken a novel approach to examine the significance of
PCBs on the region’ s river olter population. We identified 180 river
ofter latrine sites spanning 86.5 km of coaslline on southern Vancouver
Island, BC. A total of 893 fresh scals were collected from Dec 13 - 18,
2005 and June 1 - Aug 22, 2006. Fecal DNA genotyping will be used
to determine the abundance and distribution of river otters in the study
area. River oklters in which genetic profiles are oblained will have their
scat analyzed for toxin levels and prey remains. Results are pending.
Due to their top predator status in the nearshore environment, high

site fidelity, and long life, river ofters are an ideal species to monitor
localized environmental contaminants in merine ecosystems such os the
Pacific Northwest.

Trace Elements as Tracers of Physical Processes

Anthony Paulson*, U.S. Geological Survey, Washington Water Science
Center

Trace elements are naturally occurring, aithough potentially toxic to
living organisms at high concentrations, and can be used os tracers

of physical and biclogical processes. A trace element’ s usefulness

as a trocer does not depend on whather the element criginates from
natural or anthropogenic sources. Nickel and cobalt data are used fo
distinguish among water masses in the Lower New York-Raritan Bays
originaling from the Arthur Kill, the Raritan River and the Hudson River.

Likewise, cadmium dota are interpreted to examine mixing of Fraser
River water with oceanic waler in North Puget Sound.

Yard Trimmings Compost as an Environmental Buffer in the
Over-Winter Field Storage of Pouliry Litter

Erica Milligan™, Art Bomke, Wayne Temple, University of British
Columbia

One major non-point source of freshwater poliution is livestock manure
vsed as a fertilizer or soil amendment on agricultural fields. In British
Columbia’ s Fraser Valley intensification of pouliry farming has led to an
over-abundance of poultry manure in the region. The solution has been
to move excess manure 1o more manure-poor areas, such as the Fraser
deltg, to be used as a soil amendment. However, there are significant
ecological and food safety concerns associated with the importation of
a high nutrient material info o region subject o intensive winter leaching.
The objective of this research was to examine the cbility of the City of
Vancouver yard trimmings compost {YTC) to act as a buffer in the over-
winter field storage of pouliry litter. Over the winter of 2005-06 four
experimental manure storage piles were constructed in farmers’ fields

in Delta, BC to assess the affects of a YTC covering, base pad, ond
combination of the two on the leaching of salts, nutrients and heovy
metals from the poultry litter. Results indicate that both the YTC base pad
and covering have a positive impact on regulating the leachate and run-
off quality emanating from the stored manure.

Sill Dynamics and Deep Water Renewal - Idedlized

Numerical Experiment
Dmitri Leonov *, Mitsuhiro Kawase, University of Washingtan

SNOILVINISHYd d31S0d

Sensilivilies and fime scales of adjustment of fiord-type estuary
circulation to different forcing mechanisms are examined within an
idealized numerical experiment. The model domain is chosen as an
idealization of Puget Sound’s Main basin, a channel with o double-sill
entrance prolile taken from a thalwag cross-section through Admirclty
inlet. The experiments are set up on a zlevel grid with partially filled
cells using MITgem. The model is first run with constant external
condilions (river discharge and oceanic salinity) and no wind forcing
until & steady fortnightly cycle has been reached. The phasing of
fortnightly cycle and its properties are consistent with observations
(Geyer and Cannon, 1982; Bretschneider et al., 1985). The model then
undergoes several abrupt changes in external conditions separated by
long (several fortnightly cycles) time intervals, during which adjustment
is monitored. Adjustment to changes in salinity shows strong asymmetry
with respect to the sign of salinity change, adjustment to a decrease

in salinity being a 2-stage process. Adjustments to river discharge are
more symmetric, produce moderate chonges in total salt content and
have overall shorler odjustment time scales. Increose in river discharge
enhances the reversed circulation signal thot peaks around spring fide
and weakens the dense water infrusions.

Hydrologic Effects of 120 Years of Land Cover and Climate
Change in the Puget Sound

Lan Cuc®, University of Washington Depariment of Civil and
Environmental Engineering

Merina Alberti, UW Department of Urbon Design and Planning

Dennis Lettenmaier, UW Department of Civil and Environmental
Engineering

Jeffrey Richey, UW School of Ocecnography

Land cover has changed dramatically in the Puget Sound region since
the first European settlement in the mid-19th Century. These changes
have consisted largely of urban growth in the lowland creas, and
removal of old growth timber and replacement with forests having o
range of maturity over most of the upland areq, along with construction
of forest roods. We use the Distributed Hydrology-Soil-Vegetation
Model (DHSVM] run over an 88-year pericd with current land cover,
and reconstructed land cover representative of conditions early in

the post-European settlement erq, 1o assess the effects of land cover
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change on the liming, and magnitude of freshwater fluxes to Puget
Sound. Reconstructed land cover is based on early 1880 s settlement
extent, and 1883 Density of Forest i Washington Territory Map from
Department of Interior. To assess the effects of climate change over the
period of the climate record [ 88 years) we first adjust the entire record
to have temperatures similar lo these of the most recent two decodes,
and then adjust the entire record to have temperatures similar to those
of the early instrumental record. Through comparison of 88 years of
hydrologic predictions for combinations of historic and current lond
cover and climate, we are able to assess their refotive contributions to
long4erm changes in freshwater fluxes to Puget Sound.

Overview of the South Puget Sound Dissclved Oxygen
Study

Mindy Roberts*, julia Bos, Greg Pelietier, Storrs "Skip” Albertson, Karol
Erickson, Carol Maloy, Washington State Department of Ecology

South Puget Sound, including Budd, Carr, and Case Inlets, hos low
levels of dissolved oxygen that do not meet state water quality standards
and impair morine life. Excess nitrogen enhances primary productivity
and couses algae growth. As the algae die, microorganisms that
decompose the algae deplete oxygen levels in the near-boftom waters,
creating zones of low dissolved oxygen that may be harmful to fish

and other aquatic organisms. The first phase of the study indicated

that both point sources from wastewater treatment plents and nonpoint
sources from watersheds and rivers contribute significant nitrogen

loads. The current project further refines those loads. Data collected
from 8O marine stations will enhance understanding of how nitrogen
moves around South Puget Sound and the relationship with dissolved
oxygen levels. Three-dimensional circulction and water quality models
will simulate present conditions in South Puget Sound, based on the
extensive dala collection programs. The calibrated models will be
applied to o voriety of menagement actions to determine how much
point and nonpoinl source nitrogen loads must be reduced to meet
water quality standards. The South Puget Sound dissolved oxygen study
is part of Governor Chris Gregoire’ s longerm effort to help restore and
preserve Pugel Sound.

Status and Trends in Parlytic Shellfish Poisoning (PSP} in
Puget Sound through 2005

Timothy Determan*, Washington State Deparitment of Health

The Washington State Department of Health {DOH) monitors levels
of paralytic shellfish poisening texin [PSPT) in mussels taken every two
weeks from sentinal sites located throughout Washington State marine
waters. Results from thirty two sites in Puget Sound were exemined to
determine spatial potterns and temporal trends as part of the Puget
Sound Ambient Monitoring Program [PSAMP). Results of the analysis
through December 2005 are presented

Long+term Monitoring of Puget Sound, Gray’s Harbor and
Willapa Bay: Status and Trends in Water Quality from
2001-2005

Carol Maloy*, Brian Grantham, Skip Albertson, Julia Bos, Adrienne
Stutes, Washington State Department of Ecology

The Washington State Department of Ecology has been monitoring the
water quality of Washington's estuaries for 35 years, more recently as
part of the Puget Sound Assessment and Monitoring Program. As human
populations in the Puget Sound region continue to increase, water
quality will be affected. Atmospheric conditions and climate changes
also affect water quality. Ecology scientists have developed indices as

a way of systematically assessing the conditions and trends in marine
water quality. The Index of Sensitivity to Eutrophicotion includes the
variables of dissolved oxygen (DO), dissolved inorganic nitrogen {DIN),
and the degree and duration of siratification. Areas showing the highest
sensifivity lo eutrophicafion have very low DO, low DIN, and strong and
persistent stratification. The Water Quality Concern Index includes the
addifional variables of fecal coliform bacteria {FCB) and ammonium

(MH4), where high FCB and high NH4 would cause the mast concern.
We present 5-yecr trands in these variables o 40 longterm monitoring
stations, as well as results of the indices. Areas showing the highest
sensitivity to eutrophication are Soratoga Pessage, Possession Sound,
Penn Cove and Hood Conal. Areos of highest water quality concern
include Possession Sound, Penn Cove, Budd Inlet, Hood Canal, and
Groys Harbor, This analysis was recently published in the 2007 Puget
Sound Update, by the Puget Sound Action Team.

Poster Group 12: Toxic Contaminants

Water-Borne Loading of PCBs and PBDEs to the Strait of
Georgia: Rivers and Wastewaters.

Patrick Show*, Environment Canada

Mark Sekela, Environment Canade, Vancouver

Melissa Gledhill, Environment Canada

Stan Bertold, Greater Vancouver Regional District, Vancouver

Celine Larose Davis, Capital Regicnal District, Victoria

A legacy of historical polyehlorinated biphenyl (PCB) and, more
recently, polybrominated diphenyl ether [PBDE) contamination

is evident in tissues of aquatic organisms in the Strait of Georgia
ecosystem. An effort is underway to characierize loading of these
contaminants by potential sources. To this end, we have conducted
sampling to understand the contribution of waterborne sources to

the Strait, both from rivers and from the major municipal wastewater
effluents. Measurements have been collected over 2004-2006. PCBs
and PBDEs in the Fraser River were sampled quarteriy at three sites
using a discharge-weighted compaesiting scheme and pre<oncentrated
using XAD-2 resin before analysis. Large-volume samples {40-120L)
were collected quarterly from three additianel river sites in the basin
using an Infiltrex Il submersible pump fitted with an XAD-2 resin column.
Effivent samples were collected quarterly at discharges in both Grealer
Vancouver and Vicloria. Four-lire 24 hour composites samples were
collected ond exirocted in total. All somples were analyzed for PCB
and PBDE congeners by high-resolution gas chromatography-mass
spectrometry. Total PCB and PBDE loadings and congener patterns,
seasonally and between sites will be presented and reloted to other
similar samples on the wesl coast and elsewhere.

Fonofos Poisons Raptors and Waterfowl Several Months
After Granular Application

Laurie Wilson®, Anna Birmingham, Environment Canada

Malcolm McAdie, British Columbia Minisiry of Eavironment

Pierre Mineau, Suzanne Trudeau, John EllioH, Environment Canada

Fraser Delta farmland supports intensive agriculture and provides
important habitat for birds. Potato production requires management
of wirewarm [Agriotes spp.), an introduced pest; in 1994, foncfos
became the recammended insecticidal option. Over the ensuing five
years, we confirmed 15 raptors, including 12 bald eagles [Haliaestus
leucocepholus), found dead or debilitated in the Delta had severely
inhibited cholinesterase activity and fonofos residues in ingeste.
Fourteen raptors contained duck remains. Another seven bald eagles
had severe cholinesterase inhibition, but without evidence of fonofos
residues. During the 2 winters of 1996-98, 420 ha of potato fields, half
treated the previous spring with fonofos, and the remainder untreated,
were searched weekly for wildlife remains. Waterfow! outnumbered
other species in field-use counts and birds found dead. Of the 211
wildlife remains observed, most had been scavenged. Thirty-five intact
carcasses were svitabie for post-mortem examination and/or toxicology
analyses; of those, 30 brains were assayed for cholinesterase levels,
with 5 of 18 waterfowl being severely depressed. The ingesta of a
mallard found in a fonofostreated field contained 49 pg/g fonofos
residues, linking waterfowl mortality with lobelled use of the product.
The findings demonstrate the risk of poisoning by anticholinesterase
where nontarget wildlife forage intensively in formed fields.



Current Use Pesticides in Fraser River Salmon Habitat

Kate A. Harris*, Institute of Ocean Sciences

Keith Tierney, Simon Fraser University

Neil Dangerfield, institute of Qcean Sciences

Million Woudneh, AXYS Analytical Services

Tom G. Brown, Pacific Biological Station

Chris Kennedy, Simon Fraser University

Peter S. Ross, Institute of Ocean Sciences

The use of current use pesticides (CUPs) represents a growing
conservation concern lo Fraser River safmon hobitat. We carried

out a study of CUPs in two salmon-bearing ributaries of the Fraser
River, and one reference site on British Columbia’ s ceniral coast,
comprising urban [Musqueam Creek), agricultural {Nathan Creek),
ond remote {Koeye River) areas. Water, sediment, air, and coho salmon
(Oncorhynchus kisutch) smolt samples were collected from each site.
Tolal pesticide concentrations in three of the four matrices were highest
at the agricultural site {water: 162 ng -1, sediment: 1475 ng {-1, air:
1285 ng L-1), while concentrations detected in bioto were highest at the
urban site (54.5 ng L-1). Correlotions between log Kow and cbserved
water:sediment ratios {agricultural r2 = 0.36, urban r2 = 0.44) and
between Henry” s Law coefficients and air:-water ratios {agricyltural r2
= 0,55, utban 12 = 0.09) revealed the importance of physicochemical
properties in determining the fate of different pesticides in aquatic
environments. Inter-site differences fikely reflect the heavy agricultural
use of CUPs near Nathan Creek, a legacy of organochlorine
contamination in Musqueam Creek, and atmospheric delivery of
pesticides to the Koeye River. Differences in concenirations and patterns
of CUPs in different environmental compartments underscore the
complex nature of defining 8exposure’ and ultimately of assessing risk
of adverse health effects in sensitive salmonids.

PCBs and PBDEs in the Georgia Basin Water Column

Neil Dangerfield*, Norman Crewe, Robie Macdonald, Fisheries and
Oceans Canada

Pat Shaw, Environment Canada

Peter Ross, Fisheries and Qceons Canada

We collected water samples at two stations in the southern Strait of
Georgia aboard the CCGS Vector lo measure concentralions of PCBs
and PBDEs and to estimate exchange, Samples were collected at both
necr surface (-10m) and near boltom {variable depths) seasonally over
o one year pericd. In an effort to capture movement in and out of the
system, a minimum of one tidal cycle was sampled with InfiltrexTM in-situ
samplers. Current speed and direction, conductivity, temperalure and
salinity were recorded ot fimed intervals during sampler deployment.
PBDEs were analyzed at the Institute of Ocean Sciences two fractions,
representing dissolved {(XAD) and particle-bound (0.7 um GF/F). PBDEs
partiioned preferentially into the dissolved phase, which comprised

63 +/- 10% in shallow water and 54 +/-2.1 % in deep water. This
pertitioning was in part related to chemical properties of the PBDEs, with
the heavier' decaBDE more readily associating itself with particles.
Principal components analysis {(PCA) further revealed a congener-
reloted patiern difference betwsen the dissolved and the particle-bound
fractions, highlighting the impertance of both particles in the water
column and sampling methodology. Given the increasing presence of
unregulated PBDEs in the environment, partitioning in the water column
represents an important prelude to food web accumulation of these
endocrine disrupting chemicals.

Effects of Six Airborne Short-Chain Aldehydes on Alveolar
Macrophages

Raymond Poon*, Easson Elaine, Chu th, Health Canada

Aldehydes are ubiguitous airborne contaminants originating

from anthrepogenic and natural sources, and photo-oxidation of
hydrocarbons. Use of oxygenated fuels and biofuels also contributed
contribute lo increased levels ond changing patterns of aldehydes.
Formaldehyde and acelaldehyde are the most abundant short-chain

aldehydes followed by acrolein, and crotonaldehyde. Recently, glyoxal
and methylglyoxal have also been detected. While dato on aldehyde
levels and exposure is are ovailable, there is are significant data gaps
on the adverse effects of mony aldehydes. These data gaps hamper the
comprehensive risk assessment/management of aldehydes. We studied
the cytotoxicity of 6 shortchain aldehydes on alveolar macrophages

- lung cells in direct and early contact with aitborne contaminants.

Rat alveolar mocrophages were incubated in 96-wel! plates for up

to 4 hours in culture medium containing aldehydes and then assayed
for cytotoxic indicators: cell viability (LDH leakage), cellular function
{secretion of TNF- a1}, and glutathione depletion. Acrolein was the most
cytotoxic, deplsfing cellular GSH at 5 pM, ond causing cell decth and
suppression of TNF- o secretion at 50 pM . Crotonaldehyde suppressed
TNF- & secretion at 50 pM and cell death ot 500 pM. At 500 pM,
methylglyoxal, formoldehyde and acetaldehyde also suppressed TNF- a
secretion. Aldehyde effects on zymosan-induced chemiluminescence
(phagocytic activity) in blood leukacytes was also examined. Acrolein
and crotonaldehyde suppressed chemiluminescence ot 5 and 50 uM,
respectively. These results indicated indicate that the relative cellular
toxicity is: acrolein>>crotonaldehyde >methylglyoxal, formaldehyde,
acetaldehyde>glyoxal; and the experimental design may be applied to
the comprehensive toxicity/risk assessment of all airborne aldehydes.

The Effects of Diesel Exposure on Survival and Gene
Expression in Rainbow Trout

Lizzy Mos*, Hemmera

Glenn Cooper, University of Victoria

Christine Lussier, Hemmera

Ben Koop, University of Vicloria

Marc Cameron, Hemmera

Each doy, nearly 3 billion gallons of ail are used in the world, of

which 17.000 tonnes were spilled in 2005 alone. Many of the events
consisted of inland diesel spills, which may have impacted freshwater
ecosystems. In this study, a diesel spike test with juvenile rainbow trout
{Oncorhynchus mykiss) was carried out to simulate exposure during
spills. Chemical analysis was used to identify individual components,
ond survival was monitored over 7-14 day exposures to establish

lethal concentrations. Subsequently, trout livers were used in micro-
array experiments to screen for molecular changes that could indicate
subtle toxic effects and identify mechanisms of action. Trout survival
wos offected ot diesel exposures of 40-100 mg/L {33-100% mortality).
Gene expression wos altered at all doses tested (0.8-40 mg/L), but
only at the highest dose clusters of genes were up- and down-regulated.
Down-regulated gene clusters included those involved in oxygen binding
and fransport, as well as other carrier prolsins. immune system and
detoxification {metabolising enzymes and electron carriers) genes were
among the most abundant up-regulated genes. Furthermare, indications
that diesel may serve as an endocrine disruptor were documented.
Since relatively little is known about the toxic effects of diesel, this study
provided an important first step in identifying the short- and long4erm
risks associated with diesel spills in freshwater ecosystems,

Molecular Approaches for Understanding Oil Spill Impacts
on Nearshore Spawning Fish

Heather Day*, NOAA/NMFS/NWFSC

Mark Carls, NOAA/Alaska Fisheries Science Center

Tracy Collier, Nat Scholz, John incardona, NOAA/Northwest Fisheries
Science Center

Coastal oil spills can have severe ecological effects on intertidol and
shallow sublidal zones, which provide critical spawning and nursery
habitat for numerous species. Several important northeast Pacific forage
fish species deposit demersal, adherent eggs in these zones including
Pacific herring {Clupea paliasi), sand lance [Ammedytes hexapterus),
and surf smelt (Hypomesus pretiosus). The sensitivity of teleost embryos
to crude oil was demonsiraled by the Exxon Valdez oil spill, which
coincided with the spawning of Pacific herring in Prince William Sound.
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Studies following the spill showed that embrycnic expesure to polycyclic
aromatic hydrocarbons (PAHSs) in crude cil induces a common suite

of developmental defects including pericardial and yolk sac edeme,
cranictacial and body axis defects. Moreover, significant sublethal
effects rasult in the absence of obvious malformations. Our basic studies
of PAH toxicily in the zebrafish model identified the developing heart as
the primary target of the tricyclic compounds mest cbundant in crude
oil. Using the sophisticaled genetic and molecular tocls associated with
the zebralish model, such as gene knockdown techniques ond DNA
microarrays, we are working to identify potential condidate genes
expressed in the developing heart that ore misregulated in response to
PAH exposure. Toward the ultimate goal of developing physiclogically
relevant biomarkers for PAH exposure, we are groundiruthing these
findings in Pacific herring embryos.

Environmental Partiticning of Phthalate Mono Esters
Srinivas Sura®, MET Program, Biclogical Sciences, Simon Fraser
University

Victoria Otton, Frank Gobas, Schoo! of Rescurce and Environmental
Management, Simon Fraser University

Joel Bair, Michael Ikenomau, Department of Fisheries and Oceans,
Institute of Ocean Seiences

Environmental Partitioning of Phthalate Mono Esters Phthalate di-
esters (PDEs) are synthetic chemicals produced worldwide in large
volumes {5 M tones/yr) for use in medical and consumer products.
PDEs are rapidly hydrolyzed to form phthalate mono-esters (PMEs),
which are thought to be the more toxic form. The behavior and fate

of these PMEs in the environment is largely unknown. This paper
reports on laboralory and field studies to determine the sediment-water
partitioning {Koc) characteristics of PMEs. Sorption coefficients for 8
different PME congeners in saltwater and freshwater at neutral pH levels
were measured in sterilized marine and fresh water sediments in the
laboratory and in natural sedimenls in field studies. Sorption coefficients
ranged between 47 and 75 L/Kg, while sorption coefficients in field
sediments ranged between 1027 and 2568 L/Kg. The sorption
coefficients from laboratory studies were lower than expected from
their Kow values and also lower than those measured at marine field
locations. We conclude that PMEs partition rapidly betwaen water and
sediments with equilibration less than 24 hrs and that at neutral pH
partition coefficients are much lower than expected from their reported
Kow.

Post-Harvest Aluminum Toxicity in Podzolic Soils of the
Sunshine Coast, B.C.

Stephanie Grand™, Les Lavkulich, University of British Columbic

Most forest scils in the Georgia Basin - Puget Sound area are acidic
and naturally high in availoble aluminum. Aluminum is toxic to most
terrestrial biota, and after leaching into drainage waters, to aquatic
biota. This study invesligates the changes in aluminum gecchemistry
following forest harvesting. We collected scil samples from undisturbed
plots, and compared them to samples krom neighbouring plots thet were
clearcut 1 to 15 years ago. Geochemical analyses revealed that the
soils are very acidic and at risk for aluminum toxicity. There is no change
in pH following logging. The soils are podzolic and exhibit a thick {up
to 15¢m) Ae horizon. Imogolite-type material (ITM) is widespread in

the sub-soil horizons. (TM is a very reactive, amorphous mineral rich in
aluminum, If dissolved it may release toxic aluminum ions to soil and
drainage water. Forested plots of this study contain up to 40g ITM/kg
soil. In logged plats the soil ITM content decreases to a low of 12g/kg
in the 5 years harvested plot. We observe only weak signs of ITM

pool recovery at 15 years post disturbance. Forest harvesting seems

to couse a lasting disruption of ITM. In logged plots we also observe

a slight increase in exchangeable aluminum. However, exchangeable
calcium levels also increase after harvesting and may help alleviale
aluminum toxicity in these scils. The Ca/Al moler ratio, a useful prediclor
of aluminum toxicily in soils, is remarkably constant {around 1.1} in all

plots.

Environmental Contaminants in the Marine Foods of
Vancouver Island First Nations; a Community-Oriented
Risk Evaluation

Thomas Child*, Noncy Turner, University of Yictoria

Peter Ross, Iastitute of Ocean Science

Traditional marine foods play a crucial role in the food security and
culture of coastal First Nations in British Columbia. Growing concerns
regarding the continued safety of these foods has arisen from reporls of
high contaminant levels in satmon, crab, and harbour seals. Currently,
there is litle quantitative information available on dietary preferences
and consumption patterns of coastal First Nations, making it impossible
to assess the risk posed by these contaminants. Our study has two
elements: 1) dietary surveys of up to 60 respondents at each of five
partnering First Nalions communities on Yancouver Island {Quatsino,
Ahousaoht, Campbell River, Snuneymuxw, and Pacheedaht First Nations);
and 2) Contaminant analysis of four sentinel food species collected
from each of the five communities (harbour seals, sockeye salmon,
Dungeness crab, and butter clams). Preliminary dietory survey resulls
indicate a heavy reliance on fradifionel seafoods, including saimon and
crab. Analyses for polychlorinated biphenyls [PCBs), polybrominated
diphenylethers [PBDEs) and organochlorine pesticides of 78 samples
are currently underway. Through participatory research, our goal

is lo increase understanding of the integrity of coastal radifional

food systems, and of the health benefits and risks associated with the
consumption of traditional food resources

Levels of Chemical Contamination and Toxicity in
Sediments from Hood Canal, WA (1952 - 2005}
Sandra Aasen, Margaret Dutch™, Edward Long, Washington Stafe
Department of Ecology

Levels of chemical contamination and toxicity measured in Hood Canal
sediments were examined by Ecology” s Puget Sound Assessment and
Monitoring Program Sediment Monitoring Team as part of an effort

to assess the effects of low dissolved oxygen cn benthos in Hood
Canal tor the Hood Canal Dissclved Oxygen Program. Examination

of all available dota collacted from 1952 through 2005 revealed a
number of spatial patterns. Chemical contamination and toxicity were
generally low in Hood Canal and were usually confined to Port Ludlow,
Port Gamble, and Dabob Bay. Metals were detected more frequently
(81% of samples tested) than organic pollutants (0%-64% of samplas
tested). Chemicals rarely exceeded Washington State Sediment Quality
Standards, but did far a suite of metals, PCBs, and benzenes at stations
collected in 2000 in Port Gamble; for naphthalene (an LPAH) at one
station in 1999 in Port Ludlow; and for butylbenzylphthalate ot one
station in 1990 in Dabob Bay. Several toxicity tests {amphipod survival,
sea urchin feriilization, bivalve larval morphological development,
cytochrome P450 RGS} indicated toxic sediments in Port Ludlow, Port
Gamble, Dabob Bay, just south of Dabob Bay, and in southern Hood
Canal neor Lilliwaup. Existing temporal data were limited and were
insufficient to indicate trends.

Polybrominated Diphenyl Ethers (PBDEs) In Puget
Sound Sediments - A Baseline Update

Margaret Duich®, Sandra Aasen, Washington State Department of
Ecology

Polybrominated diphenyl ethers (PBDEs), synthetic flame retardants
introduced in the late 1970s to reduce the flammability of household
ond commercial products, are a new pollution concern facing Puget
Sound. Structurally similar to polychlorinated biphenyls (PCBs), it

is now known that PBDEs kreak down and enter the ecosystem,
bioaccumulating in humans and other arganisms, causing sericus health
concerns. In 2004, the Washington State Department of Ecalogy” s
Marine Sediment Monitoring Team odded PBDEs lo the list of chemicals
measured in sediments collected for the Puget Sound Assessment and



Monitoring Program (PSAMP). Five congeners, including BDE-47, 99,
100, 153, and 154 were measured for 30 sediment samples collected
from Hood Canal in June 2004. These, and 7 additional congeners,
BDE-49, -66,-71,-138, -183, -184, and -209, were measured at 10
iong-term sediment monitoring stations collected throughout Puget
Sound in April 2005. In June 2006, PBDEs were sampled at 40 spatial
sediment monitoring stalions in Georgia Basin. Levels of PBDEs in these
sediments are reporied here, updating the baoseline of data indicaling
current levels and the distribution of PBDEs in Puget Sound sediments.

Inorganic Arsenic Concentrations in Seafeod Species from
the Lower Duwamish Waterway {Seattle, WA) and Puget
Sound Background Areas

Tod Deshler*, Kathy Godtredsen, Windward Environmental LLC

Doug Hotchkiss, Port of Seattle

Jeff Stern, King County

Skip Fox, The Boeing Company

Jennie Goldberg, City of Seattle

The Lower Duwamish Waterway (LDW) in Seattle, WA was designated
by EPA as o Superfund site in 2001. In support of the human health
risk assessment, fish and shelllish species potentially eaten by people
were collected and analyzed for inorganic arsenic. Arsenic naturally
occurs in the earth’ s crust ond is also found af elevated concentrations
in s¢il from central Puget Sound, including areas near the LDW, as

a result of industrial activity at the former Asareo smelter in Ruston,
WA Consequently, background samples of fish (English sole and
shiner surfperch), crab {Dungeness and slender), and cloms (Eastern
softshell and Macoma) were collected tor use in an incremental risk
assessment. Inorganic arsenic concentrations in perch, English sole,
and crab were similar between LOW and background creas. Inorganic
arsenic concentrations in LDW clams, however, were many times
higher than inorganic arsenic concentrations in clams from background
areas. Concentrations of inorganic arsenic in softshell clams from the
LDW ranged from 0.132 to 3.27 mg/kg wet weight, compared to
inorganic arsenic concentrations in clams from two background areas,
which ranged from 0.047 to 0.227 mg/kg wet weight. The LDW
concentrations are much higher than inorganic arsenic concentrations
reported in the scientific literature for other northwest shellfish.
Hypotheses to explain the unusual results are evaluated.

Atmospheric Transport of Persistent Organic Pollutants
{Pops) in Southern British Columbia: Implications for
Coastal Food Webs

Marie Noel*, Neil Dangerfield, Institute of Ocean Sciences

Wayne Belzer, Pat Shaw, Environment Canada

Peter. S. Ross, Institute of Ocean Sciences

Environmental contaminants come from many sources and can enter
the marine environment in a variety of ways. The high concentrations
of persistent organic pallutants {POPs) reported in marine mammals
inhabiting &pristine’ areas support the naticn that atmospheric transport
processes can readily deliver contaminants of concern to remote food
webs. However, the propensity of a given contaminant to undergo
long range atmospheric transport depends cn the interaction between
its physicochemical properties and numerous environmental features.
We invesligated the levels of various POPs [including polychlorinated
biphenyls {PCBs), palybrominated diphenyl ethers (PBDEs), and
organochlorine pesticides) in air samples collected from southern
British Columbia. Samples were collected weekly and pooled into
seasonal samples for analyses during a 12-month period in 2004, Two
sampling stalions were used, comprising 1} Georgia Basin {Saturna
Island), in close proximity to local industries and urban centers, and 2)
the west coast of Vancouver lsland (Ucluelet), a remote location which
receives air masses from Asion sources. Some of our previous work has
suggested that a combination of élocal’ and églobal’ contaminants

is contributing to the heavy contamination of marine mammals,

including harbour seals [Phoca vitulina) and killer whales {Orcinus
orca). The present study sheds some light on the imporlant role that
atmospherically-delivered contaminants plays in contaminating coastal
food webs.

Feeding Rates of Benthic Suspension-Feeding
Macroinvertebrates in Washington State on the Toxin-
Producing Phytoplankton Pseudo-Nitzschia

Eve Dusek ™, Charles Simenstad, Micaela Parker, Andre Punt, Megan
Dethier, University of Washington

In Washington state, blooms of the toxin-producing phytoplankton
Pseudo-nitzschia have caused numerous beach closures for shelifish
collechon. Several species of Pseudo-nitzschia produce the neurcloxin
domoic acid, which bio-accumulates in the soft lissues of suspension-
feeding shellfish and can cause death in vertebrate predators. Since
1991, beach closures for razor clam collection have occurred regularly
along the Washington coast. In Puget Sound, however, beach closures
for domoic acid have been less frequent, and only first occurred in
2003. One hypothesized reason for the higher frequency of beach
closures along the Washington coast relates to differences between
suspension-feeding assembloges on sand/cobble beaches in the two
locations: specifically, Puget Sound has a more complex assemblage
of suspension-leeders that consume Psevdo-nitzschia, whereas along
the Washington coast, consumption of Pseudo-nitzschia is concentrated
in fewer and more harvestable species. To test this hypothesis, feeding
capacity on Pseudo-nitzschia wos assessed in 13 species of shellfish
tound in Washington. Generally, oysters and mussels cansumed Pseudo-
nitzschio at substantially higher rates than clams, and bivalves found

in Puget Sound consumed Pseudo-nitzschia faster than razor clams
found on the Washington coost. These data will be presented with a
generalized model to assess the capacity of Washingtor’s nearshore
assemblages to filter Pseudo-nitzschia from the water column.
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Julian Aheme

Canada Research Chair in Environmental Modelling

Trent University

Environmental and Resource Studies

Peterberough Ontario

julian.aherme@ucd.ie

Canada Research Chair in Environmental Modelling, Trent University

Skip Albertson

Oceanographer

Washington State Department of Ecology

EAP

Olympic WA

alberts@ocean.washington.edu

Skip Albertson is a licensed engineer with MS degrees in engineering (UC-
Berkeley) and oceanography (UW) who works with hydrodynamic models
and hydrographic data for the WA Dept of Ecology toward a greater
understanding of water quality in greater Puget Sound.

Jamie Alley

Director

British Columbio Ministry of Environment

Oceans and Marine Fisheries Branch

Victoria British Columbia

Jamie. Alley@gov.be ca

Jamie Alley is a geographer by training with degrees in natural resaurce
management from Simon Fraser University and the University of Victoria.
Jamie began his caraer with the BC provincial Government in 1977 and
has held a variety of positions in natural resource ministries as well as
the Inlergovernmental Relations Secretariat and the Cabinet Office. He
is currently the Director of the new Qceans and Marine Fisheries Branch
of the Minisiry of Environment and has responsibility for marine fisheries
monagement, seafood indusiry development and oceans resource
monagement,

Loreen Allphin

Director

Dept. of Plant and Anima! Sciences
Brigham Young University

Provo, UT

Elaine Anderson

Wildlife Program Coordinator

Langley Environmental Partners Society

Langley British Columbia

eanderson@tol.be.ca

Elaine is the Wildlife Program Coordinator for LEPS. She is also a PhD
student at UBC. She has a Master of Science in Environmental Planning
degree (UBC), a Bachelor of Science in Agriculture degree (UBC), and a
Bachelor of Arts degree (UBC). She is a registered Professional Planner
{MCIP) and a Professional Agrologist [PAg.). She has warked as an
Environmental Planner with the Greater Vancouver Regional District and the
Township of Langley.

Eric M. Anderson

PhD Student

University of Wyoming

Dept. of Zoology and Physiclogy

Laramie WY

emander@uwyo.edu

Eric Anderson received a BS from the University of Puget Sound in 1994
and an M5 from the University of Wyoaming in 2002. He is currently a PhD
candidate ot the University of Wyoming and is studying the influences of
coastal resources on scoler condition throughout the annual cycle.

Roland C. Anderson

Biclogist

Seattle Aquarium

Life Sciences

Seattle WA

rolond.anderson@seattle.gov

Roland C. Anderson, Ph.D., is a biologist at the Seatile Aquarium where he
has worked for 29 years. He is parlicularly interested in the natural history
and behavior of Puget Sound cephalopods. He has published numerous
orticles on marine invertebrates of the Pacific Northwest in scienfific journals
and ihe trade press. He has porticipated in numerous conferences, giving
talks on the behavior of cephalopods and other mollusks.

Peter Arcese

Professcr

University of British Columbia

Centre for Applied Conservation Research

Vancouver British Columbia

peter.arcese@ubce.co

Peter Arcese is FRBC Chair of Conservation Biology ond Director of the
Centre for Applied Conservation Research, UBC, and has much experience
working with the ecology, genetics and conservation of bird, mammal and
plant populations in WA, BC and Africa.

Paul A. Arp

Professor

University of New Brunswick

Faculty of Forestry and Environmental Menagement

Fredericton New Brunswick

arp2@unb.ca

Research interests: forest soils, forest hydrology, forest biomass and nutrient
cycling, ecological medeling, soitbased GIS applications and related field
studies

Caroline AsHey

Wildlife Biologist

Madrone Environmenta! Services Lid.

Abbotstord British Columbia

caroline.ostley@madrone ca

Caroline Astley is o Wildlfie Biologist with more than four years of
experience with rore species and wildlife habitat inventory in the Fraser
Valley. Previous to Madrone, she was the Wildlife Coordinator for LEPS.

Amanda L. Babson

University of Washington

School of Oceanography

Sealle WA

babsona@ocean.washinglon.edu

Amanda Babson hails from Gloucester, Massachuselts. She majored in
physics at Carleton Cellege in Northfield, Minnesota. She received her
M.S. from the University of Woshington School of Oceanography in 2002
and will receive her Ph.D. from the same insfitution in December 2006. Her
research has focused on questions of circulation variability in Puget Sound
using simplitied and idealized modeling tools.

Peter F. Bahls

Director

Northwest Watershed Institute

Port Townsend WA

peler@nwwatershed org

Peter Bahls is Director of Nerthwest Watershed Institute, o non-profit
organization based in Port Townsend, WA. He ecrned an M.S. in Fisheries
Science and Aquatic Ecology from Cregen State University and has worked
on watershed assessment, protection, and restoralion in Oregon and
Washington for over 12 years.



Susan A. Baldwin

Associate Professor

University of British Columbia

Chemical and Biclogical Engineering

Vancouver British Columbic

sbaldwin@interchange.ubc.ca

Sue Baldwin is an associate professor in the Depertment of Chemical
and Biological Engineering ot the University of British Columbia. Her lab
works on developing genetic biomarkers for haemic necplasia in mussels
which are used for environmental monitoring. She also does wark on
bioremediation and biomonitoring of contaminated sites.

Leslie B. Banigan

Environmental Health Specialist

Kitsap County Health District

Water Quality

Bremerton WA

mlbanigan@tscnet.com

Leslie Banigan is o Registered Sanitarian with the National Environmental
Health Association and a cerfified On-Site Wastewater Inspector with
Washington State Depariment of Licensing. She is the Pollution Identification
and Correction {PIC) Program Cocrdinator at the Bremerton-Kitsap County
Health District and has been with the Health District's Water Quality
Program since 1994. Since 1996, Leslie has worked on various pollution
identification and correction projecis throughout Kitsap County including
Port Gamble Bay, Gorst, Tracyton, Long Loke, Burley Lagoon and the Upper
Hood Canal. Her efforts in Port Gamble Bey and Burley Lagoon were key
in the identification and correction of sources of fecal coliform pollution that
eventually led Io the upgrade of commercial shellfish growing areas. She is
ccfounder of the PIC Protocal and Priority List. In addition, Leslie developed
extensive experience in woter quality monitoring technigues while assisting
with the Health Districi’s Stream and Marine Water Trend Monitaring
Program.

Carrie Baron

Drainage & Environment Manager

City of Surrey

Engineering

Surrey British Columbia

cabaron@surrey.ca

Carrie Baron is the Drainage & Environment Manager for the City of Surrey.
She is a Water Resources Engineer with over 21 years of experience in

this field from both @ municipal and consulting perspective. Her section’s
responsibilities include overseeing the function of the natural and manmade
drainage systems within Surrey and the Engineering component of the
Nature Matters Program.

Russe! Barsh

Director

KWIAHT

Centre for the Historical Ecology of the Salish Sea

Lopez Island WA

RLBarsh@gmail.com

Russel Barsh studied human ecology and law at Harvard, then taught at the
University of Washington (1974-84), University of Lethbridge [1993-99) and
New York University (2000-2002), and advised on Indigenous peoples and
environmental issues al the United Nations (1984-2000). He now direcls
KWIAHT, a nonprofit conservation laboretory in the San Juan Islands with a
focus on human and climate forcing of long term ecosystem change.

Corinne J. Bassin

University of Washington

Applied Physics Laboratory

Seattle WA

cbassin@apl.washington.edu

Corinne Bassin has @ Masters in Marine Science from University of
California, Santo Barbara

Henrielte Bastrup-Birk

Research Assaciate

Catholic University of Leuven, Belgivm

Educational Science and Learning

Brussels Capital Region

h.b.b@skynet be

After two years in the Danish Ministry for Foreign Affairs, Henriette Bastrup-
Birk worked for more than ten years in the EU Commission {Brussels) on
community development and collaborative ecosystem management in cross-
border regions. Between 1998 and 20035, she undertook ten study tours lo
the PS/GB region in order lo gain beter understanding of land use planning
and ecosyslem restoration in this region, meeting a variety of actors north
and south of the border. In 1999, 2000 and 2003, she spoke at seminars
and conferences in the region. She is currently research associate at the
Department tor Educational Science and Learning, Calholic University of
Leuven, Belgium. She will be a visiting schalar at UBC in spring 2007,

S3dIHdVd90Id

Eric M. Beamer

Research Director

Skagit River System Cooperative

Research

Lla Conner WA

ebeamer@skagitcoop.org

Eric Beamer has worked as a scientist for the Skagit River System
Cooperative since 1984. He is the principle investigator on several Skagit
walershed projacts, including monitoring Chinook salmon in the fidal della
& nearshore, sludies of the use of non-natal estuarias by juvenile Chinook
salman, and recent research that directly links estvarine & nearshora habitat
to recovery of wild Skagit River Chinook salmon populatians.

Richard J. Beamish

Senior Research Scientist

Fisheries and Oceans Canada

Nanaimo British Columbia

beamishr@pac.dfo-mpo.ge.ca

R. Beamish is the Senior Scienlist of the Pacific Biological Station in
Nanaimo. He is a member of the Order of Canada and the Order of
British Columbio and « Fellow of the Royal Society of Canada. His current
research examines the factors that regulate the abundance of Pacific salmon
in the Ocean.

Helen D. Berry

Coastal Ecologist

Washington State Department of Matural Resources

Nearshore Habilat Program

Olympio WA

helen.berry@wadnr.gov

Helen Berry is a coastal ecologist who studies the status and trends in
intertidal and shallow subtidal habitats for the Nearshore Habitat Program in
the Washington Department of Natural Resources.

Rebecca J. Best

University of British Columbia

Forest Sciences, Centre for Applied Conservation Research
Vancouver British Columbia

rbest@interchange.ubc.ca

Rebecca Best is completing her M.5c. at the Centre for Applied
Conservation Research at UBC. In September, she plans to begin Ph.D.
research on the ecology of invasive species in Pacific Northwest eelgrass

beds.

Chief Darren Blaney

Homalco First Nation

Campell River British Columbio

darrenb@telus.blackberry.net

Chief Darren Blaney is serving his 2nd 3 year term as Chief of Homalco First
Notions and hes also served 6 years as the Council President of Bute Inlet
Development Comporation. He received o Bachelors in First Naticns Studies
in 1998 from Malaspina.
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Gina Bonifadine

Air Quadlity Planner

US EPA Region 10 Office

Gina Benifacino {panel moderctor} is an Air Quality Planner with the US
EPA Region 10 Office which has jurisdiction in the Pacific Northwest siotes of
Washington, Oregon, Idaho, ond Alaska. Prior to coming to EPA, Gina was
a fisheries volunteer with the US Psace Corps in the Philippines. She holds a
B.S. in Environmental Resource Management from Penn Siate University and
an M.S.£.5. and a Master of Public Affairs (M.P.A) from Indiana University.

Lynne E. Bonner

Science Planning Advisor

British Columbia Ministry of Environment

State of Environment Reporting

Victoria British Columbia

lynne.bonner@gov. be.ca

Lynne Bonner hos been working in the British Columbia Minisiry of
Environment'’s State of Environment Reporting unit for the post 4 years. Over
the past 18 years with the provincial government in Victoria, BC, she has
worked in habitat enhancement, monitoring and inventory programs and
was instrumental in developing standards for wildlife habitat ratings applied
to terrestrial ecosysiem mapping. Currently, Lynne is working on updating
the Environmental Trends in British Columbia report for projected release in
late 2007,

Julio K. Bos

Oceanographer

Woashington State Department of Ecology

Olympic WA

jbosd61@ecy.wa.gov

Julia K. Bos, Environmental Specialist IV, Environmental Monitoring ond
Trends. Julia Bos has been working at the Department of Ecology since
1999. She serves as coordinater and data collection manager for the
Marine Waters Monitoring program which includes PSAMP-funded long-
term marine waters monitering, the South Sound Dissolved Oxygen Study
and coordination with the UW PRISM project. She received o B.S. in
Cceanography from the University of Washington in 1999,

Joshua V. Bouma

Graduate Student

University of Washington

Aquatic & Fishery Sciences

Seatle WA

boumcj@u.washington.edu

Joshua Bouma is a Master's dagree candidale in the School of Aquatic &
Fishery Sciences at the University of Washington studying pinto abalone
recovery in the San Juan Islands. He is an avid diver whose favorite dive
destinations include the San Juans, Neah Bay and Port Hardy. When not
carrying a slate, calipers and tape measure in the water, Josh can usvally be
found with an underwater camera in his hands.

John L. Bower

Assaciate Professor

Western Washington University

Fairhaven College

Bellingham WA

jbower@cc.wwu.edu

lohn leaches field biology, natural history, evolution, environmental issues,
and folk music performance at Fairhaven College of Interdisciplinary Studies
at Western Washington University. His current research centers on changes
in NW Washingten marine bird abundance. His past research includes
studies on bowhead whales and acoustic communication in songbirds. Most
recently, John and his family lived 500 miles off the coast of Chile on Isla
Robinson Crusoe for five months while studying endangered hummingbirds

and seabirds.

Matthaw T. Bowes

University of Victoria

Geography

Victoria British Columbia

matthewbowes? 1@yahoo.ca

| am a UVic PhD candidate in geography with a background in culiural
anthropology, environmental studies and outdoor recrealion, My research
interests include parks and protected areas, resource issves, recreation
political ecology, local knowledge and community collaborafion

Sean W. Boyd

Research Scientist

Environment Canada

Canadian Wildlife Service

Delta British Columbia

sean.boyd@ec.ge.co

MSe, UBC 1978. PhD, SFU 1995, Biologist with Canadian Wildlife
Service from 1980 lo 1998, Research Scientist with Canadian Wildlife
Service since 1998 fo presen.

Matthew Boyle

Senior Biologist/Principal

Grelte Associates, LLC

Tacoma WA

matthewb@gretteassociates.cam

Matthew Boyle is a Principal and Senior Biologist at Grete Associates. His
praclice in aguatic nearshore habitat studies, restoration and monitering
include intertidal hobitats and selgrass.

Jill M. Brandenberger

Research Scientist

Battelle Pacific Northwest National Laberatory

Marine Chemistry

Sequim WA

Jill Brandenberger@pnl.gov

Ms. Jill Brandenberger is a marine chemistry research scientist. She manages
pragrams focusing on the biogeochamical cycling of trace metals in

marine and freshwaler enviranmenls. Recent research programs focus on
correlations between storm water loading of contaminants and land use
clossifications, watershed scale contaminant mass balances, evaluating
historical frends in hypoxia in the Puget Seund, biotic uptake and depuration
of uranium, and the dissclution of barite and release of ossocicled irace
metals in the marine environment,

Michael T. Brett

Associate Professor

University of Washington

Civil Env. Eng.

Sechle WA

mtbrett@u.washington.edu

Michael Brett obtained his PhD in biclogical limnology from Uppsala
University in Sweden and is current an Associate Professor in Civil and
Environmental Engineering at the University of Washington.

Scott Brewer

Hood Canal Coordinating Council

Poulsbo WA

sbrewer@hccc.wa.gov

Scott Brewer is currently the Salmon Recovery Program Manager with the
Hoad Canal Coordinaling Council. Scett has a BA degree in Urban and
Metropolitan Studies/Pelicy Analysis from Michigan State University and
Master of Science from the UW School of Fisheries. Scott also worked as a
Senior Ecologist for King County on salmen recovery planning for the Lake
Washington/Cedar River watershed. Scolt has also served as the Director
of the Port Gamble S'Klallam Tribe’s Natural Resources Department; an
Ecclogist with American Rivers; and Fisheries Manager with the Skokomish
Tribe



Kevin H. Britton-Simmons

Ressarch Associate

University of Washington

Friday Harbor Laboratories

Friday Harbor WA

aquaman@u.washington.edu

Current position: Research Associate {Postdoc), Friday Harber Laboratories,
University of Washington. Education: Ph.D. Ecology, The University of
Chicage, 2003; B.S. Zoolagy, University of Washinglon, 1998,

Ginny Broadhurst

Marine Program Coordinator

Northwest Strails Commission

Mount Vernon WA

broadhursi@nwsroits.org

Ginny Broadhurst is the Marine Program Coordinator for the Northwest
Straits Commission. She manages regional maorine conservation and
restoration projects and provides technical support to seven Marine
Resources Committees. Ginny has a BS in environmental conservation from
University of New Hampshire and an MMA in marine affairs from University
of Washington.

Irene B. Brooks

Commissianer to the U.S. Section
International joint Commission
Woshinglon, DC
brooks!@washington.ijc.org

Irene B. Brooks was appointed as Commissioner to the U.S. Section,
International Joint Commission, by President George W. Bush and assumed

office on December 3, 2002.

In an era of unique challenges, Irene Brooks has carefully and thoughifully
tread an impressive poth as adminisirator, negofiater and leader. She

was appointed by Governor Tom Ridge to reprasent Pennsylvania on all
interstate river basin commissions of which the Commonweclth is a member.
Ms. Brocks served as Pennsylvania Commissioner and Executive Director,
Pennsylvania Department of Environmental Protection, Office for River Basin
Cooperation from 1995-2002. She coordinated with the Secrelary of the
Department and the Governer’s Office on a variety of interstate issuas,
including the development of long-tange plans and adoption of policies, as
well as regulations affecting the water of millions of cilizens within fifteen
states and two Canadian Provinces. She served as Chair of the Great Lakes
Commission from 1998-2000 and Vice Chair from 1994-1998.

In 1989 she was appointed by President George Bush to serve as the
United States Commissioner to the Deloware River Basin Commission, a five-
member regulatory and quasijudicial agency mancging the water resources
within the 13,000-square-mile Deloware River Basin. She helped formulate
federal policy, coordinating o consensus among clt federal agencies and
working with Congressional committees, individual Congressmen and sloff
members plus state and federcl representatives.

Previously, Ms. Brooks was appointed by unanimous vote of the Court of
Common Pleas to complete a term as Chester County Commissioner and
was subsequently elected fo that position. She developed and implemented
o comprehensive countywide plan to help protect and preserve the
environment, farmland and open spaces, the first of its kind in Pennsylvania.
The Chester County Open Space Program has been adopted by other
counlies across the country and has won several Presidential Awards,

M:s. Brooks graduated cum laude with a Bachelor's degree in palitical
science/public adminisiration from West Chester University. She has
received the Mary H. Morsh Medol from the American Water Resources
Association, the Stewardship Award from the Delaware River Basin
Commission, recognition for her cutstanding service from the Great Lokes
Commission, the Leadership Award from the Interstale Council on Water
Policy and the Outstanding Service lo Conservation Award from The Nature
Conservancy, among others. She enjoys fly fishing, tennis and exploring the
ebbs and flows of notable American tributaries.

Darrren Brown

Environmental Coordinator

Abbotsford British Columbia

Darren Brown is an Environmental Coordinator with the City of Abbotsford.
Previous 1o his position with the City, he warked in the private sector both
nalionally and inlernationally covering a wide variety of environmental
issues and disciplines.

Dan Buffett

Regional Biologist, BC Coast

Ducks Unlimited Canada

Surrey British Columbia

d_buffett@ducks.ca

Dan BuHfett is the regional biclogist for the BC Coast Office of Ducks
Unlimited Canada and is responsible for conservation planning and
research. He is part of a multi-agency team that secure and restore estuarine
habitat along the BC Coast. Dan recently received his Masters in Resource
and Envirenmental Management from Simon Fraser University.

Douglas A. Bulthuis

Estuarine Scientist

Padilla Boy Notional Estuarine Research Reserve

Mount Vernon WA

Bulthuis@padillabay.gov

Dr. Douglas Bulthyis is the Research Coordinator at Padilla Bay National
Estuarine Research Reserve near Mount Vernon, Washington. He has
conducted research on seagrasses and seagrass ecosystems in Victorig,
Australia and in the Pacific Northwest. He received his Ph.D. degres from
taTrobe University in Melbourne, Australia, @ M.S. from Michigan State
University in East Lansing, Michigan, and a B.A. from Calvin College in
Grand Rapids, Michigan.

Brenda Burd

President

Ecostot Research Ltd

N. Saanich British Columbia
bburd@telus.net

Research Associate UBC

Fisheries and Oceans Canado

Institute of Ocecn Sciences

Sidney British Columbia

burdb@pac.dfo-mpo.gec.ca

Dr. Burd's Benthic work has taken two directions; 1) development of
sampling designs for aquatic habitats, as well as analysis of benthic
community response and recovery paiterns as they relate to the environment.
These projects are numerous, and cover a variety of lemperate and
tropical marine habitats from 1980 to present. Some projects are cutlined
in the attached curriculum vito, and include relatively untouched areas as
well those potentially affected by metal minas, pulp mills, fish forms and
multiple discharges (sewage, stormwater, industrial, ocean dumping); 2]
development of sampling and onalytical protocols and theory for benthic
research and monitoring progroms.

John Carleton

Landscape Planner

Washington State Department of Fish and Wildlife

Habitat Program

Olympia WA

carlsjpc@dhw.wa gov

John Carleton is currently o Landscape Planner for the Washington
Dapartment of Fish and Wildlife. He has been with the agency for over 26
years, working in such areas as natural resource damage assessments and
watershed analysis.
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Jose Carrasquero

Fisheries Director

Herrera Environmental Consultants, Inc.

Seattle WA

jcarrasquero@herrerainc.com

Jose Carrasquero is a Fisherias Director with Herrera Environmental
Consultants. He hos graduate degrees in both fisheries and marine biology
and 17 years of professional experience in Puget Sound including nearshore
habitat restoralion design. He has participated in the study of shore-drift
direction and longshore sediment transport, beoch sediment and profile
characterization, benthic ecology, and salmon biology and estuarine habilat
requirements. Mr. Carrasquero hos participated in salt marsh restoration
feasibility studies including the selection of reference marshes.

James C. Carruthers

PhD Candidate

University of British Columbia

Resource Management Environmental Studies

West Vancouver British Columbia

jomescar@interchange.ubc.ca

James Carruthers 1970: Bachelor of Architecture, UBC {Vancouver, BC).
1979: Master of Environmentol Studies, York University (Toronto). 1971-
1990: Architect/Urban Planner in Toronto, Sudbury, Los Angeles and
Vancouver. 1990-2004: Employed by UBC Campus Plenning. 1997:
UBC President's Environmenial Award. 1998: Diploma Public Sector
Management, University of Victoria. 1999- 2004; UBC Manager of
Development Sarvices. 1999-2006: PhD in UBC Rescurce Management
and Environmental Studies. 1983-2006: West Vancouver resident with wife
and daughter.

Joshua W. Chamberlin

Fisheries Biologist

NQAA Fisheries / National Marine Fisheries Service

Morthwest Fisheries Science Center, Fish Ecology

Seatile WA

joshua.chamberlin@noaa.gov

Joshua Chamberlin works as a Fisheries Biologist of the Northwest Fisheries
Science Center in Seattle, Washington. Jashua has a Bachelor of Arts in
Marine Studies from Prescott College. He is currently working on projects
regarding juvenile salmon ecology in the estuary and nearshore habitats of
Puget Sound.

Aimee E. Christy

Research Biologist

Pacific Shellfish Institute

Olympia WA

aimee@pacshell.org

Aimee Christy is a research biologist for Pacific Shellfish Institute in Olympia,
Washington. Her interesis include harmful algal blooms, phytoplankton
laxonomy, community outreach, and parficularly stormwoter management
and the impacts of land use change on water quality in shellfish growing
areas. She received a B.S. in Zoology from the University of Washington
and a M.S. in Environmental Studies at The Evergreen State Collegs.

Cathryn L. Clarke

Fisheries and Oceans Canada

Nanaime Brifish Calumbia

clarkeca@poc dfo-mpo.gc.ca

Cothryn Clorke has a Master's degree from James Cook University in
Australia. Ms. Clarke has been working for Fisheries & Oceans Canada
for the past three years and has been actively involved with a variety of
invasive species projacts including risk assessment, research and monitoring.
Currenily she is undericking on investigation of invasive biclouling species
in subtidal waters of BC in preparation for o PhD at the University of Brilish
Columbia. °

Carol Cloen

Natural Resource Scientist

Washingfon State Department of Natural Resources

Aquatic Resources Program

Olympia WA

carol.cloen@wadnr.gov

Carol Cloen is the Lead Scientist for Washington DNR's Habitat
Conservation Plan for state-owned aqualic lands. She is a freshwoter
biolegist, with research and practicol experience in trophic interactions;
UV-B's affect on amphibians; and riparian restoration. Carol received her
BS and MS from the State University of New York College at Brackport,
conducting original research on the effect of UV-B on the hatching success of
the American toad {Bufo americanus).

Stewart Cohen

Environment Canada

Adaptation & Impacts Research Division

Vancouver British Columbia

scohen@ires.ubc.ca

Dr. Stewart ). Cohen is a senior researcher with the Adaptation and Impacts
Research Division {AIRD), Environment Canada, and an Adjunct Professor
with the Institute for Resources, Environment ond Sustainability, University
of British Columbia. Over a 25-year period, Dr. Cohen has authored mare
than 70 publications on climate change impacts and adaptation. He has
been a raviewer and lacturer for various research and training programs in
Europe, China and the United States, and a coniributor fo the IPCC.

Craig W Collar

Senior Manager - Energy Resource Development

Snohomish County PUD

Everett WA

cweollar@snopud.com

Senior Monager-Energy Resource Development, Snohomish County PUD
No. 1, Everelt, WA ({2006-Present]. Operations Manager, Kimberly-
Clark Corporation, Fullerton, CA & Everett, WA, (1990-2006). Nuclear
Submarine Officer, U.S. Navy, San Diego, CA (1985-1990). 20+ years
ol technical program/project management experience in a variety of
roles. MBA - Colorado State University B.S. - Mechanicol Engineering
- Montana State University Registerad Prolessional Engineer.

Tracy K. Collier

Division Directer

NOQAA Fisheries / Nalional Marins Fisheriss Service

MNorthwest Fisheries Science Center, Environmental Censervation
Division

Seahle WA

Tracy.k.collier@noaa.gov

Tracy Callier is the director of the Environmental Conservation Division of
NOAA Fisheries” Northwest Fisheries Science Center. He has over 30 years
of experience on Puget Sounds toxics issues, and more than 100 scientific
publications in the field of aqualic loxicology.

Ed Connor

Aquatic Ecologist

Seattle City Light

Environmental Affairs Division

Seattle WA

ed.connor@seattle.gov

Ed Conner received a B.S. in Biology, M.5. in Natural Resource Science,
and Doctorate in Ecology from the Univarsity of Califernia. Ha is the City
of Seatile’s Watershed Coordinator for the Skagit River, and directs the City
Light's ESA Recovery Program in the Skagit basin. This program includes
land ocquisition, habitat resieration, and research projects for Chincok
salmon, bull lrout, and steelhead throughout the Skegit walershed.



Michael S. Cooperman

Postdoctoral fellow

University of British Columbia

Centre for Applied Conservation Research

Vancouver British Columbia

michael.cooperman@ubc.ca

Presently working as a postdoctorate fellow under supervision of Scoft
Hinch at UBC. | earned my Ph.D. in 2004 from Oregon State University
where | studied the early life ecology of the endangered suckers of Upper
Klamath Lake, and my MS in 1998 from Univeristy of Montana where |
studied the acolagy of riverfoodplain systems.

Bruce Cousens

Senior Biologist

Georgia Basin Ecological Assessment & Restoration Society

Nanaimo British Columbia

pmarkins@island.nel

Bruce Cousens obtoined o B.S¢. in zoology and marine biology and o
M.Sc. in fisheries biclogy and parasitology, followed by nearly 30 years
experience in research, environmental consulting and habitat assessment in
BC. More recenlly, he has been heavily involved in habitat restoration and
conservation of species af risk, particularly birds, working in the non-profit
sectar. He is a member of the Assoc. of Prolessional Biologists of BC and the
BC College of Applied Biology.

Eric A. Crecelius

Loboratory Fellow

Battelle Pacific Northwest Nationol Loboratory

Marine Sciences Laboratory

Sequim WA

eric.crecelivs@pnl.gov

Eric Crecelius has been studing the sources, fransport and fate of chemicals
in coastal waters for over thirty yeors. He has collaborated with other
marine scientists on studies of hislorical contamination of Puget Sound by
examination of sediment cores.

Jonelle M. Curtis

NSERC Postdoctoral Fellow

University of British Columbia

Cenire for Applied Conservalion Research

Vancouver British Columbia

janelle.curtis@ubce.ca

Janelle Curtis holds an NSERC Postdoctoral Fellowship in the centre for
Applied Conservalion Research.

John A. Darling

Postdactoral Fellow

U.S. Environmental Prolection Agency

Ecological Exposure Research Division

Cincinnati OH

darling john@epa.gov

John Darling is a Postdoctoral Fellow in the Molecular Ecology Research
Branch of the US Environmental Protection Agency. He is interested
in developing ond ulilizing genetic tools for study of the inlroduction,
establishment, and population dynamics of invasive species in coastal
marine acosystems.

Pete Davidsen

Bird Studies Canada

Environment Canada {Conadian Wildlife Service)

Delta British Columbia

pdavidson@bsc-eoc.org

Pete Davidson obtained both his Bachelors and Masters in Ecology from
the University of East Anglia’s {U.K.} Cenire for Ecalogy, Evolution and
Conservalion. He spent nine years working in wildlife conservation in
Indochina {Laos, Cambodia and Vietnam), befora maving to Dalta, British
Columbia, in late 2005. He now oversees Bird Stvdies Canada'’s bird
monitoring programs in the province, including the Coastal Waterbird and
Beached Bird Surveys.

Curtis DeGasperi

Lead, Hydrologic WQ Modeling Group

King County Depariment of Nalural Resources and Parks

Seattle WA

curtis.degasperi@metroke.gov

Curtis DeGasperi has been an engineer with King County Department of
Natural Resources and Parks for the past 5 years developing integrated
water quality models of county lakes, rivers and streams. Mr. DeGasperi
previously worked as a consullant on @ variety of water quality modeling
studies. Mr. DeGasperi received a Bachelor’s degree in Biology-Geology
from the University of Rochester and a Master's degree in Environmenta|
Engineering and Science from the University of Washington.

Romona C. de Graaf

MSc Candidate, Marine Biologist

University of Brilish Columbia

Zoology

Richmond British Columbia

EmeraldSeaResearch@hotmail.com

Ms. de Graaf has completed a BSc [Hons) and an MSc in marine
biology. Her thesis work and field experience includes hydrothermal vents
zooplanton, secgrass communities, humpback whales, and lorage fish
habitats.

Allan Devol

Professor

University of Washington

School of Oceanography

Seattle WA

devol@u.washington.edu

Allan Devol is currently a ressarch professor at the University of Washington,
School of Oceanography. He is a Principal Investigator in the Hood Canal
study ond has been involved in the ORCA project since the beginning.

His scientific interests include the study of low oxygen environmenis,
oceancgraphy of the Arctic Ocean, and sedimentary biogeachamistry.

Richard K. Dewey

VENUS Science Director

University of Victaria

VENUS

Victoria British Columbia

rdewey@uvic.ca

Richord Dewey is the VENUS Project Science Director. Richard has a B.5c. in
Physics from UVic and a Ph.D. in Oceanography from UBC. His inleresis are
coastal processes, with a focus on tides, currents, waves, and turbulence.

Richard S. Dinicola

Ground-Water Specialist

U.5. Geological Survey

Washington Water Science Center

Tacoma WA

dinicola@®usgs.gov

M. Dinicola is the leader for the Urbanization Task of the USGS Coastal
Habitats in Puget Sound Project. His work in the Puget Sound basin has
focused on urbanization effects on rainfallrunoff processes and contaminant
fate and tronsport in coastal ground water.

Paul A. Dinnel

Marine Scientist

Western Washington University

Shannon Point Marine Center

Anacorfes WA

padinnel@aol.com

Pavl Dinnel is a specialist in the areas of marine ecology and toxicology.
Paul's experience includes 18 years at the University of Washington as o
Research Scientist and 8 yeors as a Marine Scientist at Western Washington
University's Shannon Point Marine Center in Anacortes. Paul has outhored
over 100 scientific lechnical reports and publications and written EPA

and ASTM protocols for two types of sea urchin bioassays, as well as co-
authored a trawl protecol for Puget Sound.
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Joffrey S. Dismukes

Marine Steward

San Juan County

Marine Resources Committee

Bellingham WA

idismukes@sprynet.com

Jetrey Dismukes received a Maslers of Science in Environmental Economics
from Florida International University with thesis concentrafion in “Sustainable
Resource Exiraclion as Revenue Source for Third World National Parks”.
Mr. Dismukes consulted on several park and preserve managemnt projects
until taking a full fime position as research assistant af the USGS Center

for Coastal and Watershed Studies in Fiorida where he worked on studies
of coostal processes and mangrove ecosystems. He is currently working
towards his PhD in Environmental Sciences while also serving as a Marine
Research Steward for the San Juan County Marine Resources Committea.

Jamie Donatuto

Swinomish Indian Tribal Community

Office of Planning and Communily Development

La Conner WA

idenatuto@swinomish.nsn.us

Ms. Donatuto has been working for the Swinomish Tribe since 2000.
She writes, enacts and manages several environmental health-based
investigations, including the Bioaccumulative Texics In Nalive American
Shellfish Project. She launched the Swinomish Environmental Education
Program, and works extensively with community educalion ond outreoch
projects. She is a Ph.D. candidate at the University of British Columbig,
where her research focuses on redesigning human heclth risk assessments to
employ socic<cultural factors.

Cinde R. Donoghue

Senior Planner

Thurston County

Clympia WA

cinderu@comcast.net

Cinde R Donoghue is a senior planner in Thurston County's long range
plonning program. She previously worked at WA Dept. of Ecology where
she developed guidance for updating SMPs under the recently adopted
state shoraline guidelines. She has worked for over 12 years as a coastal
environmenlal consultant and received her Ph.D. in Environmantal Science,
Master of Urban and Environmental Planning and Maoster of Environmental
Science at Universily of Virginia

Tanis L. Douglas

Bowker Creek Initiative Coordinator

Capital Regional District

Scienfific Programs

Victoria British Columbia

tdouglas@crd.bec.ca

Tanis Douglas is a restoration ecologist, who has supervised watershed
and terresirial restoration projects funded by the BC provincial government.
She has also completed various strategic-level ecological restoration and
management projects with her own company, Fernhill Consulting. Currently,
Tanis is also the new parHime Bowker Creek Inifiative Coordinalor, warking
for the Capital Regionat District and with the three municipolities and various
other groups in the Bowker Creek watershed.

Pete R. Dowty

Washington State Department of Natural Resources

Olympia WA

peter.dowty@wadnr.gov

Pete Dowty is currently focusing on eelgrass menitoring and ecology with
the Washington State Department of Natural Resources. His previous
experience includes positions with the Puget Sound Action Team and the
Skokomish Department of Natural Resources. His postdoctoral work
focused on medeling of terresirial primary preduction, fuel loading and
biomass burning emissions. His education includes the remole sensing of
fires {M.S.) and biophysical modeling in southarn African savannas (PhD),
both at the University of Virginia.

Jim Dumont

McElhanney Consulting Services Ltd.

Surrey British Columbia

jdumont@mcelhanney.com

Mr. Dumont hos 30 years of experience in the field of Water Resources,
including all phases of planning, design and construction. Jim has been
aleading proponent of continuous simulation based designs in western
Canada for the past 20 years Jim has been invited to speck at severol
conferences and provide training seminars for the Association of Professional
Engineers and Geascientists of BC.

Cynthia D. Durance

Precision Identification

Vancouver British Columbia

precid@shaw.ca

Ms. Durance studied eelgrass ecology and restoration methods at the
Universily of British Columbia from 1981 to 1989. Since that fime she

has remained an aclive member of the seagrass research community,
studying and teaching eelgrass ecology, developing successful eelgrass
transplant methodologies, and participating in international conferences and
workshops. She is & founding ond executive member of the World Seagrass
Association, scientific advisor to the Seagrass Conservation Working Group,
and is the Canadian Editor and Member at Large for the Pacific Estuarine
Research Sociaty.

Margaret E. Dutch

Senior Benthic Ecologist

Washington State Department of Ecology

Environmental Assessment Program

Clympia WA

mdutd61 @ecy.wa.gov

Margaret Dutch is a senior benthic ecclogist for the Washingion State
Department of Ecology's Coastal and Estuarine Assessment Unit, working
as a member of the unit's Marine Sediment Monitoring Team (MSMT) since
1992 condudting the Sediment Component of the Puget Sound Assessment
and Monitoring Program (PSAMP}. Ms Dutch received her Master of
Science degree at the University of Hawaii, and worked previously on
marine sedimeni monitoring programs in New England, Hawaii and San
Francisco.

Theresa Duynstea

Project Coordinator

Greater Vancouver Regional District
Policy and Planning

Burnaby British Columbia

theresa duynstee@gvrd.bc.ca

lan J. Dyck

Oceanographic Engineer

Worley Parsons Komex

Marine Depariment

Victoria British Columbia

ian.dyck@worleyparsons.com

Mr. Dyck is an oceanographic engineer with over 7 years of professional
experience in the lield. He is responsible for the management of a

variety of projects including current studies, ROV deploymenl, construction
supervision, scientific diving, and environmental sampling. Mr. Dyck also
brings extensive expsriance in the design of oceanographic characterization
programs, diluion madeling, marine geophysics and outfall design. During
the course of his career he has had wideronging interaction with local,
provincial, ond federal regulators with respect to marine and freshwater
discharges.



Ann Eissinger

Wildlife Biologist

Nahkeeta Northwest

Bow WA

nohkeeto@fidalgo.net

Professional Wildlife Biclogist Ann Eissinger owns Nahkeeta Northwest
Wildlife Services in Bow, Washington. Over twenly years, Ann has worked
as researcher, consuliant, planning advisor, educator and conservalionist.
She is currently researching Greal Blue Heron habitat relationships, colony
dynamics and population changes. Ms Eissinger is also a member of

the transboundary Heron Working Graup, Coordinator for the European
Green Crab Volunteer Monitoring Program and Direclor of the Wildlife
Conservation Trust’s Chuckanut Biodiversity Project.

Christopher Ellings

Fish Biologist

Nisqually NWR & Ducks Unlimited

Qlympia WA

christopher_ellings@hws.gov

Christopher Ellings has a B.S. in Fisheries from Humboldt State University

in Arcata, California and a Master's in Environmental Studies from The
Evergreen State College in Olympia, Washington. Chris is in his third year
researching the fish ecology of the Nisqually River, Estuary, ond Nearshore.
He is employed through a cooperative agreement between Ducks Unlimited
and the Nisqually National Wildlife Refuge.

Joel K. Ellich

Associote Professor

University of Puget Sound

Biology

Tacoma WA

ikelliott@ups.edu

Joel Ellioft is an Associate Professor in the Biology department at the
University of Puget Sound. He has been using underwater videography,
GPS and GIS technologies to study the distribution and abundance of
organisms in g variety of habitats. Current studies are on factors influencing
the distribution and abundance of eelgrass beds and bacterial mats in Puget
Sound. Other projects include the effects of high hydrogen sulfide levels

on benthic biodiversity and the effects of intreduced species on marine
communities.

John E. Elliott

Research Scientist

Environment Canada

Science & Technology Branch

Delta British Columbia

john.elliott@ec.gc.ca

Jobn Elliott is a Research Scientist with the Science & Technology Branch of
Environment Canada and is localed ot the Pacific Wildlife Research Centre
in Della, BC. His research focuses on investigating the exposure and effects
of environmental contaminants on wildlife, particularly predatory species of
birds and mammals. He has published over 150 papers and reporis. He is
also an adjunct professor at both University of British Columbic and Simen
Fraser University, where he regularly lectures and supervises graduate
students.

Tim Essington

University of Washington

School of Aquatic and Fishery Sciences

Secttle WA

essing@u.washington.edu

Tim Essinglon is an Assistant professor at the University of Washinglon

Joseph R. Evenson

Washington State Department of Fish and Wildlife

Olympia WA

evensjre@dfw.wa.gov

loseph Evenson is a biologist with Washington Department of Fish & Wildlife
for the Marine Bird and Mammal Component of PSAMP. He received his
B.S. from the Evergreen State Cellege in 1990, He worked as a research

biolagist with Cascadia Research 198925, with an emphasis on marine
mammals. Since 1994 he has served in his current position with WDFW
where he has been involved with, and/or coordinated, monitaring studies on
marine birds ond mammals.

Blake E. Feist

MNOAA Fisheries / National Marine Fisheries Service

MNorthwest Fisheries Science Center

Seattle WA

blake feist@noaa.gov

Blake Feist has been an ecologist at the Northwest Fisheries Science Center
(NOAA-NMFS) since 1999. His research focuses on two general areas: the
relationship between fish populations and their terresirial /estuarine habilat;
and the interaction between nor-indigenous species and estuarine food
webs and ecosystems. He applies the principles of landscape ecology for
most of his research, but he is also interested in the effects of climote, spatio-
temporal scaling, and anthropogenic influences on ecosystems.

Kathy Fletcher

Executive Director

People For Puget Sound

Seattle WA

kflelcher@pugetsound.org

Kathy Fletcher is founder and executive director of People For Puget
Sound, a regional citizens' organizalion since 1991, and represanied the
environmental community on the Governor's Puget Sound Parinership. She
chaired the original Puget Sound Water Quality Autherity from 1985-1990.
She has taught environmental policy and non-profit management courses at
the University of Washington and is a native of the Puget Sound region.

Melinda Fohn

Enviranmental Health Specialist

Kitsap County Health District

Woater Quolity Program

Bremerton WA

fohnm@health.co kitsap.wa.us

Melinda has a B.5. in Bacteriology and Public Heolth. After 7 years of
environmenial moniloring for the City of Bremerton, she joined the Kitsap
County Health District in 2001, She has performed invesiigations of fecal
pollution sources and corrections of identified sources in shorelines, including
Chico Bay, Kitscp Lake and Hood Canal, and has most recently been
applying these invesligation lechniques to the commercial crea of Silverdale,
Washington.

Keith Folkerts

Natural Resources Coordinator

Kitsap County

Community Development

Port Crchard WA

kfolkerts@co kitsap.wa.us

Keith Folkerts has worked for Kitsap County for the past 13 years in a variely
of roles related to watershed planning, habital proleclion, water resourcas
management and salmon recovery. Keith earned a B.S. from the US Naval
Academy in 1988.

Stef J. Frenzl

Marine Resources Steward

Snohomish County

Public Works Surface Water Management

Everelt WA

stef frenzl@co snohomish.wa.us

Stef Frenzl serves as the Lead Staff to the Snohomish County Marine
Resources Commitiee. He has over @ years experience in habitat menitoring,
project management, land preteclion, parinership building and volunteer
coordination. He's worked to for non-prolit organizations, federal agencies,
universities and local gevernments. Stef holds a B.S. in biology ond zoology
at Colorado State University, serves as a W5U Beach Waicher, and loves to
lock for critters on the beach.
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Kurt L. Fresh

MOAA Fisheries / National Marine Fisheries Service

Northwest Fisheries Science Center

Seattle WA

kurt.fresh@noaa.gov

Kurt L. Fresh works as a Fisheries Research Biologist for NOAA Fisheries’,
Northwest Fisheries Science Cenler in Seatile, Washington. Most of Kurt's
career has focused on studying the life history and ecology of juvenile
salmon in the riverine, lake, and estuarine habitats of Washington. At
NMFS, Kurt is working on studying how juvenile salmon use estuarine and
nearshore habitats in Puget Sound [e.g., what habitats are used and when
fish are present)in order to help develop protection and restoration sirategies
supporting salmon recovery efforts in Puget Sound. Kurt received a Masters
of Science from the University of Washington and undergraduate degree
from the University of the Pocific.

Anthony O, Gabriel

Professor and Director

Central Washington University

Center for Spatial Information

Ellensburg WA

gabriela@cwu.edu

Anthony Gabriel is a professor in the Geography and Land Studies
Department at Central Washington University and is alse Co-Direclor of
the Resource Management Graduate Program and Director of the Canter
for Spatial Informalion. He has had cver 14 years of teaching experience
at programs in Wisconsin, Washington and Canada. His research focuses
on ecalogical charackerization ond restoration of aquatic and shoreline
systems. He is continuing o develop, and test techniques that apply results
of biophysical choracterizations to shoreline, wetland and watershed
management

Jeffrey Gaeckle

Seagrass Ecologist

Washington State Department of Natural Resources

Olympia WA

jeff. gaeckle@wadnr.gov

Jeff dissertation focused on eelgrass (Zostera marina) ecology and
restoration. Jeff has worked on numerous eelgrass restoralion and
monitoring projecis throughout the northeastern US and has traveled the
world monitoring seagrass distribution and status for SeograssNet, a global
seagrass monitoring projecl. Jeff joined the Washington State Depariment
of Natural Resources in 2006 as a seagrass ecologist for the Submerged
Vegelation Menitering Project.

Michael J. Gallagher

PBT Coordinator

Washington State Department of Ecology
Olympia WA

MGAL461 @ecy.wa.gav

Chris Garrett

University of Victoria

Physics and Astronomy

Yictoria British Columbia

cgorrett@uvic.ca

Lansdowne Professor of Ocean Physics, UVic. Former member of the BC/
WA Marine Science Panel,

Heidi Gariner

Co-Op Student

University of Victoria

Dept. of Fisheries and Oceans Conada
Pacific Biological Stalion

Nanaimo BC
gartnerh@pac.dfo-mpo.ge.ca

Joseph K. Gaydos

Wildlife Veterinarian and Regional Director

SeaDoc Society

UC Davis Wildlife Health Center

Eastsound WA

jkgaydos@ucdavis.edu

Joe Gaydes is a wildiife velerinarian and Regional Director of the SeaDoc
Society: a marine ecosystem health progrem (www.seadocsociety.org). He
is interested in wildlife diseases and marine conservation and lives on Oreas
Island with his wife and twe girls where they like to ride bikes, camp, kayak,
walk on the beach and watch wildlife.

Douglas A. George

Oceanographer

U.S. Geological Survey

Coastal and Marine Geclogy

Santa Cruz CA

dgeorge@usgs.gav

Douglas George received his BS in oceanography from Humboldt State
University in 1999, his MS in journalism from Columbic University in 2001
and his M5 in oceanography from Dalhousie University in 2003. Before
joining the USGS in 2004, he worked for the Ocean Siudies Board of the
Naticnal Academy of Science assisting in policy analysis of restoring and
protecting coastal Lovisiana and the Mississippi Delta. His research interests
include coastal processes, sediment transport and estuary restoration.

Leah George-Wilson

Chief

Tsleil Waututh Nation

North Vancouver BC

Chief Leah Gearge-Wilsen is a member of the TsleilWaututh Nalion, located
in North Vancouver, BC, Canada. Chief George-Wilsen was the lirst female
to be elected Chief by the Tsleil-Waututh First Nation {2001-2003), and

is currently serving her second lerm (2005-2007). Chief George-Wilson
has held various positions prior to her election. Most notable include:

the Direclor of the Tsleil- Waututh Nation Treaty, Lands and Resources
Department, a key member of the Tsleil-Waututh Firsi Nation's negotiating
team in the BC Treaty Process, SellGovernment Co-ordinator and community
odvocote. Chief George-Wilson frequently speaks on issues related to First
Nations governance lo various school groups, ranging from elementary

to post secondory. She possesses a degree in anthropology from Simon
Fraser University and is the recipient of the Qutstanding Graduate Award
by Leadership Vancouver. She is o baard member for the Legol Services
Saciety, the Chief Dan George Centre, Fraser Basin Council, Georgia Basin
Council, as well as Ecotrust Canada. in 2004, she was elected lo serve

as Co-Chair of the First Nations Summit, which is the organization that
represents First Nations in the BC Treaty Process. Chief George-Wilson has
been happily married for 13 years, and has a beautiful daughter.

Richard A, Gersib

Watershed Program Manager

Woashington State Department of Transportation

Olympio WA

gersibd@wsdot.wa.gov

Richard Gersib is a Professional Welland Scientist and Cerlified Wildlife
Biologist that makes his home in Olympia, Washinglon. He currently
manages the Walershed Management Program af the Washington State
Department of Transportalion and leads an interdisciplinory technical
team that is developing and relining walershed-based iools for miligating
transportation impacis.



Kirsten Gilardi

Executive Director

SeaDoc Society

UC Davis Wildlife Health Center

Davis CA

kvgilardi@ucdavis.edu

Kirsten Gilardi, DVM, is Execulive Director of the SeaDoc Society and
Director of Marine Programs at the UC Davis Wildlife Health Center, Davis,
CA.

Linda A. Gilkeson

Head, State of Environment Reporting Unit

British Columbia Ministry of Environment

Victoria British Columbio

linda.gilkeson@gov.bec.ca

Dr. Linda Gilkeson has been head of the State of Environment Reporting Unit
with the BC provicinal environment ministry since 2002.

Frank A. Gobas

Professor

Simon Fraser University

Resource & Environmental management

Burnaby British Columbia

gobas@shu.ca

Dr. Frank Gobas is an environmental toxicologist and chemist inferested in
the food-web transfer of chemical contaminants.

Fred A. Goelz

Fish Biclegist

U.S. Army Corps of Engineers

Seatile District

Sectile WA

fred.goetz@usace.army.mil

Fred has studied bull trout for most of his professional career. He works for
the Corps of Engineers on habitat restoration projects including the Puget
Sound Nearshore Ecosystem Restoration Project. He is also a doctoral
student at the University of Washington where he is studying marine
migrations of cutthroat, steelhead, resident Chinock salmon, and bull trout.

Todd Golumbia

Ecologist

Parks Canada

Gulf islands National Park Reserve

Sidney British Columbia

tedd.gelumbia@pe.ge.ca

MSc Forest Ecology [UBC), BSc Biology [U of §)

Todd has worked ol severol Notional Parks across westem Canada as an
scologist and a park warden since 1982 The range of work as a park
ecologist is multifaceted, ranging across disciplines of both natural and
social sciences ond across a range of freshwater, marine and terrestrial
ecasysiems. Todd is currently working as the ecologist for Gulf Islands
National Park Reserve. He has been involved in this venture since park
establishment in 2003. This move lo Canada’s Medilerranean fallows

10 years in ancther paradise, working on the Haida Gwaii Archipelago
{Queen Charlotte Islands) as the ecclogist for Gwatii Haanas National Park
Reserve and Haida Heritage Site.

Thomas P. Good

Research Fishery Biclogist

NOAA Fisheries / National Marine Fisheries Service

Northwest Fisheries Science Center, Conservation Biology Division
Seatile WA

tom.good@noaa.gov

Tom Goed is a Research Fishery Biologist for NOAA Fisheries in Seatile,
WA, where he is @ member of the Risk Assessment Team for the recovery
of threatend and endangered Pacific salman. He conduets research on
avion predation on juvenile salmonids, Pacific salman recovery science, and
seabirdishery interactions, including the impact of derelict fishing gear on
marine fauna

Brian A. Grantham

Puget Sound Science and Policy Representative

Washington State Depariment of Ecology

Environmental Assessment Program

Olympia WA

bgradé1 @ecy.wa.gov

Brian Grantham is a marine ecologist with the Washington State Department
of Ecology. He has a B.Sc. in Ecology from the University of Manitoba and
@ Ph.D. in Marine Biology from Stanford University. He 1s a broadly trained
ecologist, with 15 years experience in marine ecosystems, including ¢ years
developing and conducting nearshore oceanographic monitoring programs.
Brian has worked extensively on larval transport and recruitment and the
dynamics of intertidal communities, as well as zooplankion distributions,
marine reserve theory, and coostal hypoxia.

Correigh M. Greene

Research Biologist

NOAA Fisheries / National Marine Fisheries Service

Northwest Fisheries Science Center

Seatile WA

correigh.greene@noaa.gov

Correigh Greene is @ biologist in the Watersheds Program at the Narthwest
Fisheries Science Cenler. He studies population dynamics and life history
variation of salmonid populations. His methods combine modeling efforts,
siatistical analyses of time series population data, and empirical studies of
ecology and behavior at juvenile life history stages in salmon.

H. Gary Greene

Director

Moss Landing Morine Laboratories

Center for Hobitat Studies

Moss Landing CA

greene@mlml.calstole. edu

Marine geologist recenily retired from teaching al Moss Landing Marine
Labs and with over 35 years of mapping the seafloor. Presently working on
marine benthich habitat characierization of the San Juan Islands and Aloska.

Cheryl L. Greengrove

Associate Professor & Interim Director 1AS

University of Washington, Tecoma

Environmental Science

Tacoma WA

cgreen@u.washington.edu

Cheryl Greengrove is Associate Professor of Geosciance in the
Environmental Science Program at University of Washington, Tacoma (UWT)
and Interim Director for Interdisciplinary Arts and Sciences at UWT. She is
a physical aceanagrapher presently working with biological, chemical and
geological oceanographers on studying Harmful Algal Blooms in Puget
Sound and estuarine processes in Barkley and Clayoquot Sounds on the
wast caast of Yancouver Island.

Jake L. Gregg

Fisheries Biologist

U.S. Geological Survey

Marrowstone Marine Field Station

Nordiand WA

igregg@usgs.gov

Maslers Degree in Fisheries and Aquatic Sciences from the University of
Washington 2003. Early live histories of marine fish and fisheries ecology
are main interests. Currently culturing pathogen free marine fish for disease
ecology studies at the Marrowstone Marine Field Station.

Thomas H. Gries

Washington State Depariment of Ecology

Olympia WA

tgridé1@ecy.wa.gov

The author has been involved in developing and implementing both
technical and policy elements of Washington State's sediment management
programs for over fifteen years. He believes that sediment management
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decisions would be lacililated by a) increasing public awareness of the
importance of sediment quality, b) using innovalive technical approaches
and loclks fo evaluale sediment quality, b) developing new and clarifying
existing sediment policias, and c) leveraging unlapped resources.

Eric E. Grossman

Geologist

U.S. Geological Survey

Coastal and Marine Geology Program

Santa Cruz CA

egrossman@usgs.gov

Dr. Eric Grossman is o research geologist with the US Geological Survey
Coaostal and Marine Geology Program in Santa Cruz, California. His
research focuses on Quaternary coastal and marine geology, seafloor
mapping, coastal evolution, sea level and climate change, coral reef
geology, and habitat chenge in deltaic and eelgrass envirenments. Eric
received his Ph.D. and M.S. from the University of Hawaii and his B.A. from
the University of California Berkeley.

Michael P. Hannam

Student

University of Washington

Botanic Gardens, CFR

Seatile WA

mhannam@u.washington.edu

Michael Hannam was born in Newport News, VA, He earned a Bachelors
of Science in Biology from the University of Notre Dame. Michael has
worked as an Aquatic Land Manager and Nearshore Research Technician
for the Washinglon Department of Natural Resources, and most recenlly as
a project manager for ¢ joint University of Puget Sound, Scuth Puget Sound
Salmon Enhancement Group SAY mapping project. He is currently pursuing
a MS from the University of Washington.

Brad Hanson

NOAA Fisheries / National Marine Fisheries Service

Northwest Fisheries Science Center

Seaitle WA

brad hanson@nooa.gov

Brad Hanson is a marine mammal ecologist with the NWFSC. He is
currenfly studying foraging and habitat use of southern resident kifler
whales as well os assessing the health of harbor and Dall's porpoises by
determining toxic chemical levels and pathways, and pathogens in these
species in the Pacific Northwest.

F. . Hardy

Toxicologist

Washington State Department of Health

Office of Environmantal Health Assessments

Olympia WA

joan.hardy@doh.wa.gov

Joan Hardy is a toxicologist with Washington Department of Health. She
received a MS and PhD from the University of Washington. Recent projects
include work on toxic cyanobacteria, aqualic herbicides, and lead and
arsenic in school soils. Gary Palcisko is o health assessor with Washinglon
Department of Health. He received o MS from the University of Washington
and BS from University of North Carolina, Charlotte. Recent projects include
evaluating exposure at a naturally-occurring asbestos site and developing o
Puget Sound geoduck sampling protocol.

Jodi N. Harney

Marine Geologist

Coostal and Ocean Resources Inc.

Sidney British Columbia

jodi@coastalandoceans.com

Jodi Hamney is o coostal and marine geologist with Coastal and Ocean
Resources in Sidney, BC. She holds degrees in biology [B.S., University
of Central Florida, 1993), marine science (M.S., University of South
Flerida, 199¢), and geolegy (Ph.D., University of Hawaii, 2000). Her
multidisciplinary research involves the study of banthic habitats, sediment
dynamics, and habitat capability medeling for coastal species of interest.

John R. Harper

Marine Geologist

Coostal and Ocean Resources Inc.

Sidney British Columbia

john@coastalandoceans.com

John Harper is @ coastal geomerphalogist with Coastal & Ocean Resources
Inc. of Sidney, BC. He holds a Ph.D. in Marine Science from LSU and has
over 25 years of research experience in the Pacific Northwest. Dr. Harper
is an criginator of the ShoreZone habitat mapping system that has been
applied to over 75,000 km of coastline {Washington, BC, Alaska) and
continues lo be aclive in nearshore habilat research.

David M. Hartley

Principal Hydrologist

Northwest Hydraulic Consultants, Inc.

Seattle WA

dhertley@nhc-sea.com

Dr. Hartley has over 25 yeors of research and applied experience

in hydrology, hydraulics, eresion studies, and modeling of watershed
processes. He joined the stalf of Northwest Hydraulic Consulionts in 2002
and was named a principal in 2004. He currently conducts and manages
projects o meet stormwater and natural resource management goals. Prior
to joining nhe, Dr. Harlley was the lead hydrologist for the King County,
Woashington, Department Of Natural Resources. Dr. Hartley has over

20 years of experience analyzing and solving ecological and flooding
problems in natural, manmade, and hybrid dreinage systems using a variety
of statistical methods, models, and GIS tools.

Doug E. Hay

Scientist Emeritus

Fisheries and Qceans Canada

Pacific Biological Statien, Nanaimo

MNanaimo British Columbia

hay.doug@shaw.ca

Research scientist with Fisheries and Oceans Canada, Pacific Biological
Station, Nangimo BC (1977-2005} and Professor, Pukyong Mational
University, Pusan, Korea (2005-2007). Research has focussed on ecology
and bioclogy of small pelagic fishes.

Nancy E. Helm

Washington State and Canada Air Quality Liaison
U.5. Environmental Protection Agency

Office of Air, Waste and Toxics

Seatile WA

helm.nancy@epa.gov

Jennifer Hennesey
State of Washington
Department of Ecology
lacey WA

jenh461 @ecy.wa.gov

David Henry

Padilla Bay NERR Watershed Oulreach Coordinator

Padilla Bay National Estuarine Research Reserve

Mount Vernon WA

henry@padillabay.gov

David Henry holds a M.Ed. from WWU in Environmental/Science Education
and has been the Padille Bay NERR Watershed Outreach Coordinator

and for the past 12 years. He hos worked at the Rookery Bay National
Estuarine Reserve in Southwast Florida, as an employee and as o consultant
for Snohomish County Surface Water Management. He has completed
biological research projects for the National Park Service, the Environmental
Protection Agency, and in 1990 was o fisheries observer for the National
Marine Fisheries Service for o 119-day study ot sea on fishing catches and
praclices of Taiwanese drifinet fishermen.



Leif-Matthias J. Herborg

Postdoctoral Fellow

Fisheries and Oceans Canada

Nenaime British Columbia

Herborgl@pac.dfo-mpo.ge.ca

| obtained my degree in Marine Biolagy at the University of Bangor
{Great Britain}, and then researched my PhD into the ecology of Chinese
mitten crabs at the University of Newcastle under the supervision of Prof.
Tony Clare and Matt Bentley. This was followed by a posidoc under Prof.
Hugh Maclsaac and David Lodge at the Great Lakes Research Institute in
Windsor, Ontario. Since October 2006 | am working as a postdoc at DFO
Nanaimo.

Poul K. Hershberger

U.S. Geological Survey

Marrowstone Marine Field Station

Nordland WA

phershberger@usgs.gov

Dr. Paul Hershberger is the Station Leader and a Research Fishery Biologist
at the Marrowstone Marine Field Station where he directs the fish heolth
research activities aimed at understanding the ecological effects of infectious
and porasilic diseases on wild, marine fishes. He is also a member of the
Alffilicte Faculty at the School of Aquatic and Fishery Sciences, University of
Washington.

Russell P. Herwig

Research Associate Professor

University of Washington

School of Aquatic and Fishery Sciences

Seattle WA

herwig@u.washington.edu

Russ Herwig is a Research Associale Professor in the University of
Washington (UW) School of Aquatic and Fishery Sciences. For the past
six years, Jeff Cordell and he have led a UW team that is invesfigating
ballast water. The UW group is analyzing samples of ballast water in
ships that enter Puget Sound. In addition, they are evaluating the efficacies
of potential ballast water treatment systems in small bench scale to full
shipboard tests.

Curtis Hinman

Associate Professor, Watershed Ecologist

Washington State University

Extension

Tacoma WA

chinman@wsu edv

Curlis Hinman is Assaciale Professor with Washinglon Slate University
Extension. He directs woter resource programs for WSU Extension in
Piarce County to protect water qualily and aquatic habitat in Puget Sound
basin. Mr. Hinman is the author of the “Low Impact Development Technical
Guidance Manual for Puget Sound” and is researching, designing and
monitoring various LID sirategies applicable in western Washinglon. Mr.
Hinman earned a B.S. degree in Environmental Policy Analysis and Planning
from University of California Davis. He holds a Masters of Science degree
with a concentration in stream ecology and watershed management from
the Yale University,

Steve R. Hinton

Director of Habitat Restoration

Skagit River System Cooperative

La Conner Wa

shinton@skagilcoop.org

Since 2000 Steve Hinton has worked as The Director of Habitat Restoration
for the Skagit River System Cooperative, a natural resource management
agency working on behalf of the Sauk-Sviattle and Swinomish Indian
communities, based in LaCannor, Washington. He is responsible for the
restoralion programs ond projects conducted by the tribal cooperative
including planning, budgeting, implementing, coordinating and supervising
7 employees and a yearly operating budget of more than $1.5 million.
Steve also has also served as Program Direclor for the cooperative from

2003-2006 during which time he provided oversight to 5 Depariments
and 32 employees. Prior to joining the Cooperative he was Senior Habitot
Biclogist for Snohomish County, Washington, and field coordinator for
Oregon Trout. Steve hos also worked as a private consullant providing
research, planning and coordination to conservation projects.

Gregory Hood

Senior Rastoration Ecologist

Skagit River System Cooperalive

la Conner WA

ghood@skagitcoop.org

Dr. Hood studies estuarine ecology and geomorphology for the Skagit
River System Cooperative, 6 nalural resources management cooperative
between the Swinomish and Sauk-Sviatlle Tribes. He is also involved in
the development, design, and monitoring of estucrine habitat restoration
projects.

Julie D. Horowitz

Graduate Student

University of Washington

Civil and Environmental Engineering

Seattle WA

jdh27@u.washington.edu

lulie Horewitz is @ groduate student in the Department of Civil and
Environmental Engineering at the University of Washingten. Her primary
research interests relate to urban coastal ecosystem impacts, particularly
water qualily in estuaring systems. She raceived a B.A. in Aquatic Ecology
from Hampshire Callege in 2001.

Jon P. Houghton

Senior Marine Biologist

Pentec Environmental/Hart Crowser, Inc.

Edmonds WA

jon@pentecenv.com

Dr. Jon Houghton, is a Senior Marine Biologist at Pentec Environmental with
35 years of ressarch experience in nearshore and estuarine ecosystems of
the Pacific Coasl. He has direcied and conducied a large number of studies
of estuarine vegetation, fish, and benthos. In recent years, he has directed
biological design of several large (S-acre to 300-acre] projects that have
used a varisty of approaches to enhance and restore doamaged marine and
estuarine ecosystems.

Kim Houghton

Ducks Unlimited Canado

Surrey British Celumbio

k_houghton@ducks.ca

Kim Houghton is field biologist for the BC Coastal office of Ducks Unlimited
Conada where she has been involved with wintering waterfowl research,
wetland conservation and invasive species management. Her academic
background includes a degree in Environmental Engineering from BCIT and
a diploma in Fish and Wildlife also from BCIT.

Robert O. Hudson

Research Hydrologist

British Columbia Ministry of Forests and Range

Research

Nanaimo British Columbia

Robert Hudson@telus.net

Ph.D. from UBC in Forest Hydrology 1995 in water quolity modeling. 20
years of experience in field-based hydrology research and consulting in
BC. Adjunct professar in Forest Resource Management, Faculty of Farestry
at UBC. Currently project leader of FSP funded research at Russell Creek,
Northwest Vancouver |sland studying sediment budgels and hydrology
model development for rain-on-snow environments.
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Zachary Hughes

University of Washington

Friday Harbor WA

zdhughes@yahoo.com

Zachary Hughes is ¢ newly graduated student from the University of
Washington, Tacoma, Environmental Science Program. He also has his
certification in Restoration Ecology from the Restoration Ecology Network
program at University of Washington.

Daniel A. Hull

Director

Nisqually Reach Nalture Center

Olympia WA

nrnc@nisquallyestuary.org

Daniel Hull has been enviranmental educator for the last 15 years working
for several different agencies including USFWS, USFS, NPS. He is the
current Director of NRNC and has been for the last 3 years. He has

a general Degree in natural science ond minor in communication from
Hocking College Chio.

Chief Gibby Jacob

Chief

Squamish Nation

Intergovernmental Relations, Natural Resources, & Revenue

North Vancouver British Columbia

Chief Gibby Jacob, whose ancestral name is Kékeltn siyam, carries the

title of hereditary Chief and is a member of the Squamish Nation located

in North Vancouver, British Columbio, Canada. Chief Jacob has been

an elected Councilor, since December 1981 serving seven consecutive

fouryear terms. Chief Jacob is the Executive Operoting Officer of

Intergovernmenial Relalions, Natural Resources, and Revenue for the

Squamish Nation and is responsible for overseeing four departments:

Project Negotiation & Development; Business Revenue & Services;

Environmental & Natural Resources; and Land Management.

Chief Jacob plays an instrumental role within the Squamish Nation as:

¢ Chiel Negotiator - this is a process to produce modern day treaties
between First Nalions and the Province of British Columbia, the
Squamish Nation freaty negotiation process was initiated in September
1992,

¢ Polifical spokesperson - communicating with and addressing the local
media, and informing the 3,700 members of the Squamish Nation

* Chairperson for the Land & Resource Sub-commitiee - thisis a
subcommittee of the Squamish Nalion Main Treaty Commitiee with a
mandate including environmental issues, renewable and non-renewable
resources, asserlion of rights and title within the Squamish Nation
traditional territories, and land development opportunifies.

* Chairperson of Land Issues & Environmental Cammittes - with o
mandate that includes the Capilone Master Plan, BC Rail properties,
Squamish Estuary, and Porteau Cove lands, forestry, and “Run of tha
River” micro-hydro project lo name just a few of their ongoing projects
aond initialives.

* Intergovemmental relations - liaising and relationship building with all
levels of government including Municipal, Regional, Provincial, Federal,
and First Nation’s and First Nation erganizations.

Other organizational involvement includes:

* Founding Director of EAGLE (Environmental Aboriginal Guardianship
through Law and Education);

* Board ol Direclors for the Yancouver 2010 Olympic and Paralympic
Winler Games for both the Squamish Notion and the Lil'wat Nation;

* Co<chair of the British Columbia Aberiginal Fisheries Commission
- Coastal Region for four yeors;

* Former Representative of Canada for the Pacific Salman Commission for
a twe year term; and

* Canadian Cochair of the Treaty of Indigenous Peoples International
(TIPI) with membership from British Columbic, Washinglon State, Hawaii,
and Australia.

Glen Jamieson

Fisheries and Oceans Canoda

Nanaimo British Columbia

jomiesong@pac.dfo-mpo.ge.co

Research scientist with DFO for many years, now focusing on invasive
species ond the development of approaches to opfimally manage marine
scosystems.

Mark R. S. Johannes

Golder Associates Ltd.

Burnaby British Columbia

mijchannes@golder.com

Dr. Mark Johannes has been actively working on climate variation and
change for the past 10 years and salmon and salmonids for 20 years.

From 2002 Io present, Mark has been the naticnal coordinaler on climate
varigtion and change working with Fisheries and Oceans and Natural
Rescurces Canodo ond is engaged in field related work on climate. He hos
worked across Canada and actively participated in nalional dialogue an
lisheries and aquatic issues. Mark is also senior biologist and Environmental
Assessment Leader for Golder Associates Ltd. in Vancouver and Science
Advisor to Pacific Fisheries Rasource Conservalion Council and visiting
Scienlist at University of Victoria. He has over 23 years of experience in
areas of aquatic, fisheries and water resources and community and First
Nation consultation.

Jim Johannessen

Principal Geologist

Coastal Geologic Services

Bellingham WA

jim@coastalgeo.com

Jim Johannessen of Coastal Geologic Services provides consulting services
on coaslal, estuarine and bluff processes and shoreline management in

the Pacific Northwest, Jim is a Licansed Engineering Geologist and has a
M$ degree from Western Washington Univ. He started Couastal Geologic
Services in 1993 after working for other consulting firms on Puget Sound
and Alaska coastal projects. He performs beach and nearshore assessments,
ond designs gravel beach nourishment and beach restoration prajects. jim
has monitored Puget Sound beach projects and run educational programs in
oll Puget Sound and Sirits counties to improve our understanding of coastal
processes and interaclions of coastel modifications and nearshore habitats.

Sophia C. Johannessen

Research Scientist

Fisheries and Oceans Canoda

Institute of Ocean Sciences

Sidney British Columbia

johannessen@pac.dfo-mpo.ge.ca

Sophie Johannessen is a chemical oceanographer at the Institute of Ocean
Sciences in Sidney, B.C.

Robert K. Johnston

Scientist

U.S. Navy

Marine Environmentol Support Office - NW

Space and Naval Warlare Systems Center

Bremerton WA

johnston@spawar.navy.mil

Dr. Johnston is a Senior Scientist with the Navy's Marine Environmental
Supporl Cffice, where he specializes in providing fechnicol assistance on
marine pollution and ecological risk assessment issues to Navy aclivitias.
He is currently detailed to the Puget Sound Naval Shipyard where he
serves as Technical Coordinator for Project ENVVEST, a walershed-based,
multi-agency cooperative project aimed at developing TMDLs for priority
constituents and assessing ecalogical risks for Sinclair and Dyes Inlets in
Puget Sound, WA.



Trevor G. Jones

Graduate Student

University of British Columbia

Forest Resource Management

Vancouver British Columbia

tgiones 1251 @gmail.com

Trevor Jones is a first year MSc student in the Department of Forest
Resources Management ot the University of British Celumbia.

Anna N. Kagley

Fisheries Biologist

NOAA Fisheries / National Marine Fisheries Service

Northwest Fisheries Science Center, Fish Ecology

Seattle WA

anna kagley@noaa gov

My research involves laboralory and field projects involving juvenile
salmon. Most of my fime is devoted helping to understand salmon habitat
use through field monitoring and telemetry. Loboratory techniques include
surgical tagging and necropsy of salmonids. Often my responsibilities cHen
include animal husbandry tasks such as feeding and coring for salmenids,
and disease prevention and identification. My field experience includes
variaus fishing techniques, boat handling skills, and fish and invertebrate
collection and identification.

Lisa Kaufman

Natural Resource Specialist 2

Washington State Department of Natural Resources

Sedro Woolley WA

lisa kaufman@dnr.wa.gov

Lisa Kaufman is the Restoration Manager for DNR’s Orca Straits region. She
is currently managing several creosote removal projects and working with
several partner organizations.

Mitsuhiro Kawase

Assaciate Professor

University of Washington

Scheol of Oceanography

Seattle WA

kawose@ocean.washington.edu

Physical oceanographer with expertise on gsophysical fluid dynamics and
numerical modeling, and specializing on the dynamics of fjord circulation.

Patricia L. Keen

PhD Candidate

University of British Columbic

Institute Resources Environment Sustainability

Vancouver British Columbia

plkeenpl@interchange.ubc.ca

Patricia is completing her PhD studies at the University of British Columbia
as collaboration between the Institute for Resources, Environment and
Sustainability, Health Canada and the University of Kansas at Lawrence.
Patricia completed her masters degree in 2002 at the same UBC institute
under the supervision of Dr. Ken Hall. Prior fo pursving graduate studies,
she was employed for over ten years with the former BC Research Inc.

Tarang Khangaonkar

Manager, Coastal and Water Resources Modeling

Battelle Pacific Northwest National Laboratory

Marine Sciences Laboratory

Seatile WA

tarang.khangaonkar@pnl.gov

Dr. Khangaonkar is a Research Leader and Manager of the Water
Resources Modeling Group at Battelle’s Marine Sciences Laboratory. He
provides senior leadership 1o Battelle’ activities in numerical medeling
studies relcled to water quality, hydrodynamics, sediment transport, and fate
and transport analysis. He has 18 years of experience with various types of
models capable of circulation, toxics fate and transport, and waler quality
kinetics. Dr. Khangaonkar is currently managing the development and
application high resclution 3-D finite element hydrodynamics and transport

medels for feasibility ossessment and design of altsrnatives for restoring
natural estuarine functions to coastal marshiands.

Teri L. King

Marine Water Quality Specialist

University of Washington

Washington Sea Grant Program

Shelton WA

guatemal@u.washington.edu

Teri King it 0 marine water quality specialist with the Washington Sea Grant
Program working on shellfish bed restoration and septic system education in
Puget Sound for the past 16 years.

Jan Kirkby

Landscape Ecologist

Environment Canada {Canadian Wildlife Service)
Delta BC

jan.kirkby@ec.gc.ca

Terrie Klinger

Assistant Professor

University of Washington

School of Marine Affairs

Seatle WA

tklinger@u.washington.edu

Terrie Klinger is Assistant Professor of Marine Affairs ol the University of
Washinglon, chair of the Olympic Coast Naticnal Marine Sanctuary
Advisory Council, and o member of the San Juan County Marine Resources
Commiltes.

Rob Knight

Coleader

Community Mopping Network

Surrey British Columbia

rknight@telus.net

Rob Knight works for the British Columbia Ministry of Environment as an
Ecosystems Biologist in the Lower Mainland Region. He has 18 years
experience in lresh water fisheries biology followed by over 10 years

working closely with NGOs and local governments on slewardship activities.

He is the one of the founders of the not for profit, Community Mapping
Network in 1996 /97,

Nicholas M. Komick

Masters Student

University of Victoria

Department of Gecgraphy

Victoria British Columbia

nkomick@uvic.ca

Nicholas Komick is a Masters student af the University of Victoria with

a research focus on Oceanogrophic Remote Sensing. He entered the
program following several years of working as a software developer and
completing o Bacholers degree in Geography at the University of Victoria.
Nicholas's current research is born out of the desire to utilize computers to
increase our understanding of our enivornment and anthropogenic impacts
on it

John Konovsky

Environmental Program Manager

Squaxin Island Tribe

Natural Resources Department

Shelton WA

jkonovsky@squaxin.nsn.us

John Konovsky, BA Earlham College and MS Washington State University,
is a biclogist and environmental program manager for the Squaxin Island
Tribe Natural Resources Dapartment. He has worked for over 13 years on
water quality and streamflow issues in Washington State.
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Kirk L. Krueyer

Research Scientist

Washington Stale Department of Fish and Wildlife

Habitat Program

Olympia WA

kruegk k@dfw.wa.gov

Kirk Krueger is o research scientist with the Washington Department of Fish
and Wildlife, Habitat Pregram, Saimon and Steelhead Habitot Inventory
and Assessment Project

Jessica R. Lacy

Research Oceanographer

U.S. Geological Survey

Coastal and Marine Geology

Santa Cruz CA

ilacy@usgs.gov

Jessie Locy is a physical oceanographer in the Coastal and Marine
Geology Team of the US Geclogical Survey. She conducts research in
hydrodynamics and sediment transport in estuaries and coastal waters. Her
research interests include the influence of complex bathymetry on circulation
and mixing; the interaction of bedforms, waves and currents, and sediment
transport; inleraction between aquatic vegetation and hydrodynamics;

and understanding the role of the physical environment in defining hobitat
function in aquatic systams.

Russell C. Ladley

Resource Protection Manager

Puyallup Tribe of Indians

Fisheries Division

Puyallup WA

rladley@puvyallupfisheries.org

Russ Ladley is a fisheries biologist with the Puyallup Indian Tribe and works
on a variety of habitat related issues.

Cathy A, Laetz

Research Oceanographer

NOAA Fisheries / Nalional Marine Fisheries Service

Northwest Fisheries Science Center

Seatile WA

cathy.laetz@noaa gov

Cothy hos worked as a research oceanographer af the Northwest Fisheries
Science Center since 2001. Her current research involves investigating the
effects of pollutants on the biclogy and ecalogy of marine and anadromous
fish. She holds a M.S. in Marine Environmental Science (State University of
New York at Stony Brook, 2001) and a B.S. in Biological Oceanography
{University of Washingten, 1996).

Monique M. Lance

Fish and Wildlife Biologist

Washington State Depariment of Fish and Wildlife

Wildlife Science

Tacoma WA

lancemml@dfw.wa.gov

Monique Lance is a Fish and Wildlife Bialogist for Washington Department
of Fish and Wildlife in the Science division. Her research throughout Puget
Sound and along the outer coast of Washingten for the past 13 vears has
focused on diet and foraging ecolegy of seabirds and marine mammals.
Her interests include predator prey relationships, food chain dynamics,
marine policy, and ecosystem health.

Woayne G. Landis

Director

Huxley College of the Environment

Institute of Environmental Toxicology

Bellingham WA

wayne landis@wwu.edu

Wayne G. Landis is the director of the Institute of Envircnmental Toxicology

128 ot Western Washington University’s Huxley College of the Environment.

His background is in environmental toxicology, risk assessment and the

applicafion of population biology 1o decision making. He has developed
the relative risk model for regional scale scological risk assessments and has
applied it to sites across North America, Australia and South America.

Shawn E. Larson

Curator of Conservation Research

Seaitle Aquarium

Seattle WA

shawn.larson@seattle.gov

Shawn Larson is curator of Conservation Research at the Seattle Aquarium.
She has worked there for 12 years and coordinates and conducts research
on a variely of marine species including sea ofters, fur seals, octopus, alcids,
roskfish, Pacitic spiny lumpsuckers and sixgill sharks.

Larry L. LeClair

Biclogist

Washington State Department of Fish and Wildlife

Fish and Wildlife

Olympia WA

leclolll@dhw.wa.gov

Larry LeClair is o Biologist with the Washington Department of Fish and
Wildlife. His research interests include applying genstics tachnology and
novel siatistical techniques to the investigation of population structure and
zoogeography of marine animals, identifying habitat preferencas and
resource partitioning among different life history siages of merine fish
and Pacific salmonids, marine fish and shellfish recruitment ecology, and
developing novel appreaches to marking early life history stages of marine
and anadromous fish.

Patrick L. Lilley

Masters candidate

University of British Columbia

Dept. of Botany & Biodivarsity Research Cenlire

Vancouver Brifish Columbia

plilley@interchange.ube.ca

Patrick Lilley is a Masters candidate in the Depariment of Botany at the
University of British Columbia. He also holds an Environmental Sciences
degree from UBC. He has worked in conservation research, habitot
restoralion and environmenial education in the Geargia Basin for the last
six years. Most recently, he coordinated field studies and land management
al Trinity Western University (Langley, BC) in parmership with A Rocha, an
international conservation orgonization.

Veronica Lo

MSc Candidote

University of British Columbia

Inst. for Resources, Environment & Sustainability

Vancouver British Columbia

vxl@interchange.ubc.ca

Vercnica Lo is a M.Sc. candidate in the Resource Manogement and
Environmenlal Studies program at UBC, supervised by Dr, Colin Levings and
Dr. Kai Chan. She earned a B.Sc. in Integrative Biology and Environmental
Science from the University of Toronto, Her experience includes researching
Great Lakes health indicotors at Environment Canada, and coordinating
stewardship activilies for the Town of Richmond Hill,

Miles G. Logsdon

Research Assistant Professor

University of Washington

School of Oceanography

Sealle WA

mlog@u.washington.edu

Dr. Miles Logsdon is a member of the faculty of the College of Ocean and
Fishery Sciences, School of Oceanography and serves as the director of
the Spatial Anclysis Lab. His research and teaching activities are focus
on spatial pattern analysis in ecosystem sciences and the applications of
Geographic Informalion Science (G1S) and Remote Sensing in ecosystem
models.



Eduardo Loos

Student

University of Victoria Dept. Geography

Victoria British Columbia

ediloos@cHice.gecg.uvic.ca

Eduardo Loos is an Oceanographer in his 4th year Ph.D. program in the
Departmant of Geography ot the University of Victoria.

Dieta R. Lund

Student

Environment Canada

Canadian Wildiife Service

Vancouver British Columbia

dieta@interchange.ubc.ca

Dieta Lund is o fourth year conservation biclogy student at the University of
British Columbia. She did her work with Western Sandpipers during a 12
month coop position with the Canadian Wildlife Service.

Robie W. Macdonald

Resaarch Scientist

Fisheries and Oceans Canada

Sidney British Columbia

macdonaldrob@pac.dfo-mpo.gc.ca

R.W. Macdonald is a geochemical oceanographer wha studies the organic
carbon cycle, ocean pathways, contaminants and climate change. He has
worked locally on contaminant problems in the Strait of Georgia, mainty
using dated sediment cores lo extract contaminant histories and sources
{PAH, Dioxins, Hg, cther metals]. He has also worked extensively in the
Arctic on the organic carbon cycle and the effects of climate change on the
processes of contaminant transport and contaminani concentration

Andrea J. Maclennan

Coastal Scientist

Coastal Geologic Services

Bellingham WA

andrea@coastalgec.com

Andrea Maclennan's understanding of both coastal geomorphology and
ecology enables her to provide valuable syntheses of neoarshore processes.
She specializes in nearshore geomorphic and habitat assessments, applied
coastal managemenl, restoralion/conservation plonning, geographic
information systems {GIS) and (historic) air phote analysis. She has been
an environmental consultant in the Puget Sound for over 7 years, and with
Coastal Geologic Services in Bellingham, WA, since 2003.

Christina M. Maginnis

Institute of Environmental Toxicclogy

Western Washington University

Environmental Science

Bellingham WA

c_maginnis@hotmail.com

Christina Maginnis completed o Master of Science at Western Washington
University in Environmental Science and & Bachelor of Science al the
University of Massachusetts in Natural Resource Science. Her recent thesis
research included creating an integrated risk assessment framework on o
multiple-use drinking water source. Over the past four years, Christina has
worked with citizens and lacal agencies to improve Loke Whaicom water
quality through environmental site assessments, land acquisition, ecological
resloration projects, and stormwater compliance.

Nathan J. Mantua

University of Washington

Climate Impacts Group

Seattle WA

nmantua@u.washington.edu

Nathan Manlua is a Research Associate Professor in the School of Aqualic
ond Fishery Sciences, affiliate faculty in Aimospheric Sciences and Marine
Affairs, and the Assistant Director of the UW's Center for Science in the
Earth System at the University of Washington. Mast of his current research
is locused on regional impacts of climate on the water cycle, forests and

marine ecasystems in the Pacific Northwest, and how climate information

is or isn‘t being used in resource management decisions. He received a B

S from the University of California ot Davis in 1988, and a Ph D from the
UW's Department of Atmospheric Science in 1994. He spent one year as

a postdoctoral Fellow at Scripps Institute of Oceanography working on o
pilot project for the International Research Institute for Climate Prediction. In
April 2000 he received a Presidential Early Career Award for Scientists and
Engineers for his climate impacis research and public outreach aclivities.

Jomes M. Maroncelli

Washington State Department of Ecology

Water Quality Program

Olympia WA

JomM461@ecy.wa.gov

Senior environmental chemist with >25 years experience helping industries
comply with environmental regulations and improve business operations.
Responsible for management and technical quality of hundreds of
environmental assessment, remediation, and regulatory compliance projects;
development of chemical, historical, and geoinformatienal databasss;

and business process funclionality assessment and management system re-
engineering. Developed stralegies to mancge potential liabilities from State
ond Federal TMDL rulings. Conducied human health and ecological risk
assessments. Co-outhored “The Traveler's Guide to Nuclear Weapons.”

Diane Masson

Research Scientist

Fisheries and Oceans Conada

Institute of Ocean Sciences

Sidney British Columbia

massond@dfo-mpo.ge.ca

Dr Masson has worked on different aspects of the oceanography of the
Southern British Columbia waters. In addition to leading a long term
seasonal sampling program, she is involved in the development of numerical
models of the area.

Anna Mathewson

Manager

Fraser River Estuary Management Program [FREMP)

Burnaby British Columbia

amathewson@bieapfremp.org

Anna Mathewson is Manager and Policy Coordinator of the Fraser River
Estuary Management Program (FREMP), based in Burnaby, B.C. She
has a Master's degree in Resource Management from Simon Fraser
University. Prior to joining FREMP in 2002, she worked for a number of
years in the provinciol reaty negoliation process. FREMP agency pariner
representatives will also be part of this presentation, representing land
managers and regulatory agencies for fisheries, wildlife and environmental
management,

Christopher W. May

Senior Scientist-Engineer

Battelle Pacific Northwest National Laboratory

Marine Sciences Laboratory

Sequim WA

christopher.may@pnl.gov

Dr. Christopher W. May, senior research scientist and engineer at
the Battelle Marine Sciences Laboratory, is a freshwater ecologist
and environmental engineer. His areas of interest include stormwater
management, low impact development, walershed analysis using
geographic information systems, salmonid habilot assessment, water quality
manitoring, stream biclogical assessment, and watershed resteration
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Tom McAuley

Engineering Adviser
International Joint Commission
Canadian Section

Oftawa Ontario
mcavleyi@cltawa.ijc.org

Aundrea N. McBride

Research Ecolagist

Skagit River System Cooperative

Research

Lla Conner WA

amcbride@skagitcoop.org

Aundrea McBride is a geologist with degrees from Southern Methodist
University and Western Washington University. She has worked for the
Skagit River System Cooperalive since 2000, researching nearshere hobitat
issues related to Chinock salmen recovery. Previously, she developed
the waler resources program for the Swinomish Indian Tribal Community,
conducted research in fuvial and glacial geomorphology, and taught
geology and ecology at the university level.

Sarah G. McCarthy

Research Fisheries Biclogist

NOAA Fisheries / National Marine Fisheries Service

Northwest Fisheries Science Center

Seatle WA

Sarah.McCarthy@noaa.gov

Sarah McCarthy is a Research Fisheries Biologisl in the Ecotoxicology ond
Environmental Fish Health Program, Environmental Conservalion Division
at NOAA's Northwest Fisheries Science Center. She joined the program in
2005 to serve as the coordinator for research associated with the effects
of contaminated stormwater on fish. She earned o B.S. in Biology and
Environmental Science from Santa Clara University in 2000 and a M.S. in
Agquatic and Fisheries Science from University of Washinglon in 2004.

Michelle McConnell

Project Coordinator - SMP Update

lefferson County

Dept. of Community Development

Port Townsend WA

mmcconnell@co.jefferson.wa.us

With basic training in marine science and professional experience in
fisheries research, community education, and natural resource stewardship,
Michelle McConnell hos lived west of the Cascades since age 12, always
keeping near to the water. She has enjoyed unique experiences where

the goal was to blur the edges between ecology, economy and human
culture. Newly immersed in the world of policy and plonning, she sirives to
stay firmly grounded in science while stilching together a quilt of community
values that will satisly diverse interests and adhere to the goals of legislative
mandates.

Andrew J. McNaughton

McNaughton Environmental Consultants

Nanaimo Brilish Calumbia

a.mcnaughlon@shaw.ca

Andrew McNaughton graduated with @ diploma in Fisheries and
Aquaculiure from Malaspina University-College in Nanaimo, BC. He has
worked for other consultants for several years and started his enterprise in
19€8. He has worked with a number of Vancouver Island First Nations in
areas of fish habitat, shellfish aguacuiture development and water quality
projecls.

Michael €. Melnychuk

Graduate Student

University of British Columbia

Fisheries Centre

Vancouver British Columbia

mikem@zoology.ubc.ca

I'm a U.B.C. Ph.D. student with Carl Walters studying marine mortality ond
migration patterns of juvenile salmonids in southern B.C. My work invalves
acoustic lagging studies with stationary and mobile receivers under the
POST project as well as simulation modelling to estimale detection rates and
movement/mortality processes.

Scott J. Mickelson

Senior Water Quality Project Manager

King County

Marine and Sediment Assessment Group

Seattle WA

scott.mickelson@metrokc.gov

Scott Mickelson is a Senior Water Quality Project Manager with the King
County Morine and Sediment Assessment Group. He manages waler and
sediment quality monitoring projects for he County, along with conducting
field studies for sediment cleanup and other regulotory purposes. His
background is in environmental chemistry and marine biclogy.

Jim Middaugh

Science, Fish and Wildlife Division Manager

City of Portland

Environmental Services

Portland OR

jmiddaugh@ci.portland.or.us

Jim Middaugh monages the City of Portlond’s Science, Fish and Wildlife
Division. Jim is responsible for natural resource investigations and analyses
and the City’s response to Endangered Species Adt listings. Prior to jcining
the City of Portland, Jim was the Public Affairs Manager for the Northwest
Power and Conservation Council. The Council is on intersiate compact
formed by Oregon, Washington, Idche and Montana to manage energy,
fish and wildlife in the Columbia River Basin.

Steven F. Mihaly

Fisheries and Oceans Canada

Institute of Ocean Sciences

Sidney British Columbia

mihalys@pac.dfompo.ge.ca

Graduate of UBC in Physical Oceancgraphy. Spant last few years working
on coastal oceanography of BC and as well as the physical oceanography
of the Endeavour Ridge hydrathermal venting systam. As an avid sailor has o
strong bond and recreational interest in the Salish Seq.

Gary Minton

Civil/Environmental Engineer

Seatile WA

Mintonrpa@cs.com

Member of the Water and Salmon Commitiee of the Cascade Chapter for
ten years. Netive born and resident of Seattle for 63 years. Active in urban
stream issues and concerns. Llicensed professional civil/environmenial
engineer with knowledge and experience in urban water quality.



Danielle Mitchell

University of Washington

Seattle WA

mitcheld@u.washington.edu

Danielle Mitchell earned a Bachelor’s degree in marine biology from
California State University in Long Beach in 2001. Alter graduation, she
worked as a research essistant in a neurobialogy lab in San Diego, where
she developed a strong interest in molecular biology and genefics. This
experience inspired her to combine her knowledge of marine ecology and
genetics and is currently pursuing a Master’s degree at the University of
Washington under the advisement of Lorenz Hauser.

Todd A. Mitchell

Woater Resources Manager

Swinomish Indian Tribal Community

Office of Plenning and Community Development

Lo Conner WA

tmitchell@swinomish.nsn.us

Todd Mitchell, o Swinemish Tribal member, is the Waler Rescurces Manager
in the Swinomish Planning Office. He graduated from Dartmouth College
(BA, Geology) and Washinglon State University (MS, Geology) specializing
in hydrageclogy, igneous petrology and geochemisiry. His research includes
the Tribe's water resources including tidelands, surfacewater, groundwater,
wetlands, and habital restoration research.

Ed Molash

Environmental Engineer

Washinglon Stote Department of Transportalion

Environmental Services

Olympia WA

molashe@wsdot.wa.gov

B.S. Gecphysics - University of Delaware 1981, B.S. Civil Engineering -
University of Delaware 1981, M.S. Environmental Engineering - Oklahoma
State University 1991, 12 years of experience in hydrology, water quality,
and sireambank erosion projects associated with highway construction,
preservation, and maintenance.

Alyse Mongeon

Trent University

Watershed Ecosystem Graduate Program

Peterborough Ontarie

clysemongeon@entu.ca

M.5c. candidate in the Watershed Ecosystem Graduate Program, Trent
University

Melissa V. Montgamery

Derelict Vessel Removal Program Manager

Washington State Department of Naturel Resources

Aqualic Resources Division

Olympia WA

melissa.montgomery@wadnr.gov

Maelissa Montgomery works for the Department of Natural Resources as
Woashington State’s Derelict Vessel Removal Program Manager. Melissa
previously worked far DNR managing state properties. Melissa has a
Bachelor of Science degree in biology and a Bachelor of Arts degree in
environmental studies from Pacific Lutheran University and o Master of
Marine Affairs degree from the University of Washington’s School of Marine
Affairs.

Stephonie K. Mocre

University of Washington

School of Oceanography and Climate Impacts Group

Secile WA

mooresk@u.washington.edu

Stephanie Moore is a postdoctoral research associate with the University
of Washington's School of Oceanography and Climate Impacts Group.
Currently she is investigating the role of climate variability on harmful algal
blooms in the Puget Sound estuary and on the Washington coast. Broader
research inferests include nutrient enrichment and limitation in coastal

systems and physicalbiological interactions in the plankion. She obtained a
BS and PhD from the University of New South Wales, Australia, where she
researched tracers and indicators of anthropogenic nutrient enrichment in
subtropical east Australion estuaries. She has worked with local government
in Australio to develop and prepare the Estuarine Management Plen for
Wallis Lake; the largest commercial oyster producing orea and largest area
of seagrass habitat on the New South Wales coast.

Patrick Moran

Biologist

U.S. Geological Survey

Washington Water Science Center

Tacoma WA

pwmoran@usgs.gov

Patrick Moran serves as the Biologist for the USGS Nalional Waler
Quality Assessment Program for Washington State. As his training is as
a toxicologist, he additionally works on a number of conlaminant related
projects.

Sarah A. Morley

Research Ecologist

NOAA Fisheries / National Marine Fisheries Service

Northwast Fisheries Science Center

Seatle WA

sarah.morley@noaa.gov

Sarah Merley is a Research Ecologist with the Watershed Program

at NOAA's Northwest Fisheries Science Cenler. As a member of the
Restoration Team, her work focuses on evaoluating the effects of various
restoration techniques in freshwater and estuarine environments. Serah
received her M.S. from the U.W. School of Aquatic and Fishery Sciences
and her B.S. from U.C. Berkeley.

Madrona B. Murphy

Botanist and genetic technician

KWIAHT [Centre for the Historical Ecology of the Salish Seo)

Lopez Island WA

madrona@graffiti.net

Madrona Murphy, a lifelong resident of Lopez Island, has formal training
in botany and planthuman interactions, as well as exiensive pracical
experience in the ethobotany of the San Juan archipelago.. She divides
her lime between molecular biclogy at the Center for Cell Dynamics and
slewardship related research as o botanist and genstic technician with
Kwiaht: Center for the Historical Ecology of the Salish Sea.

Mark 5. Myers

Research Fisheries Biologist

NOAA Fisheries, Northwest Fisheries Science Center

Ecotoxicology Program

Seattle WA

mark.s.myers@noaa.gov

Mark Myers is a research fisheries biologist at NOAA's Northwesl Fisheries
Science Center. His primary facus is on the toxicological effects of
chemical contaminants on salmon and marine fish species. He is the lead
histopathologist for the Center’s Ecotoxicology Program.

Bruce Nairn

Environmental Engineer

King County

Department of Natural Resources and Parks

Seattle WA

bruce.nairm@meiroke.gov

Bruce Nairn is an Environmentol Engineer with King County's Wastewater
Treatment Division. He is interested in undersianding and modeling
environmental fransport processes.
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Kerry Naish

University of Washington

School of Aquatic and Fishery Sciences
Seattle WA

knaish@u washinglon.edu

Trey C. Nelson

Senior Fishsries Biclogist

LGL Limited Environmental Ressarch Associates

Sidney British Columbia

nelson@Igl.com

Troy C. Nelson is a Fisheries Biologist with LGL Limited environmental
research associales (Sidney, BC), the Executive Direclor of the Fraser River
Sturgeon Conservalion Scciety {FRSCS; Vancouver, BC). A dual citizen
of Canada and the USA, Mr. Nelson has been involved with a diversity of
fisheries research initiafives and aquatic ecosystem ossessments in Alaska,
Washington state, British Columbia, and Avstralia. He currently resides near
the shores of Moreion Bay, Queensland, Australia.

Melissa Neuman

Fisheries Biologist

NOAA Fisheries / National Marine Fisheries Service

Northwest Fisheries Science Center

Long Beach CA

melissa.neuman@noaa.gov

Fishery Biologist, 2001-present, NOAA/NMFS/Southwest Region.
Coordinate the recovery of the first endangered marine invertebrate, white
abalone {Haliotis sarenseni), throughout its range from Pt. Conception,
Califernia, USA to Central Baja California, Mexico. Aid in the conservation,
protection and racovery of other marine inveriebrates {green abalone-

H. fulgens, black ebalone-H. cracherodii, pink abaloneH. corrugata)

and fishes {cowcod- Sebastes levis, bocaccio- Sebastes pavcispinis) on
INMFS’s Species of Concern List. Make ESA listing decisions and develop
subsequent rulemaking involving protective regulations and critical habitot
designations for marine inveriebrates and fishes [notably green sturgeon-
Acispenser medirostris) in the southwestern United States.

Chrys-Ellen M. Neville

Research Biologist

Fisheries and Oceans Canada

Nanaime British Columbia

nevillec@pac.dfo-mpo.gc.ca

Chrys Neville is a research biologist with over 15 years experience with
Fisheries and Oceans Canoda. She hos published numerous papers
including the effects of climate on regional ecosystems ond has presented
this work both regionally and internationally.

Jan A. Newton

Principal Oceanographer

University of Washington

Applied Physics Laboratory

Seattle WA

newton@apl.washington.edu

Jan Newlon is o biological oceanographer ot the Applied Physics
Laboratory of the University of Washington,

Janna Nichols

SeaDoc Society

UC Davis Wildlife Health Center

Eastsound WA

jonna@pnwscuba.com

Janna Nichels is an avid SCUBA diver and loves to leach people about
the amazing fish and inveriebrotes that live in the Georgia Basin Puget
Sound. Underwater pholography and fish and invertebrate ID are her
favorite underwater activities. She is o dive instructor and teaches fish and
invertebrate idenlification classes for the SeaDoc Society. When she's not
underwater, lanna loves duel sport motorcycling and geocaching.

Jim Norris

Owner

Marine Resources Consultants

Port Townsend WA

jnorris@olympus.net

Jomes Norris heds a BS degree in mathematies (UC, Davis) and MS
and PhD degrees in fisheries (Univ of Alaska, UW). He has 25 years of
commercial fishing experience (salmon, sablefish, halibut, Dungeness crak).
He is president of Sound Vessels, Inc. and owner of Marine Resources
Consulanis. His current research focuses on underwater videographic
methods for monitoring nearshore marine habitats.

Dale Norton

Environmental Sdentist

WA Dept. of Ecology

Lacey WA

dnord61 @ecy.wa.gov

Daie Norten received his B.S. Degree in Marine Resources from Huxley
College of Environmenial Studies, Western Washington University in 1980,
Since 1980, he has worked al the Washington Stote Department of Ecology
serving as lead scienlist on a wide variety of environmental research and
moniloring programs. During the last 20 years his work has focused on
loxics contaminations issues (fish fissve, sediments and water) in marine
and freshwater aquatic systems. He currently monoges the Toxics Studies
Unit (TSU] in the Environmental Assessment Program, which oversees such
activities as the Washington State Toxics Monitoring Program, TMDLs for
toxic pollutants and PBT monitoring.

David R. Nysewander

wildlife Biologist

Washington State Department of Fish and Wildlife

Olympia WA

nysewdm@dfw.wa.gov

Dave has been with Washington Department of Fish and Wildlife since
1992 leading the marine bird and mammal component of the Puget
Sound Assessment and Monitoring Program along with agency’s sea duck
research. His work 1975-1992 in Alaska with U. S. Fish and Wildlife
Service included monitoring seabird colonies, at-sea surveys, reintroduction
of endangered species, oit spill damage assessments, and serving as
supervisory wildlife biclegist for the Alaska Maritime National Wildlife
Refuge 1986-1992.

Peter F. Olesivk

Research Biologist / Program Head

Fisheries and Oceans Canade

Pinniped Research Program

Nanaime British Columbio

olesivkp@pac.dfe-mpo.ge.ca

Peter Olesiuk is a Research Biologist with Fisheries ond Oceans Canada
and is Head of Secl and Sea Lion Research Programs in Pacific Region. He
works oul of the Pacific Biological Station in Nanaimo, B.C., and hos been
sludying seals, sea lions and ofher marine mammals for 25 years, and has a
special interest in populalion biolegy and foreging ecology.

Janet |. Olsonbaker

Usability Engineer

University of Washington

Applied Physics Laboratory

Sealtle WA

jenetc@opl.washington.edu

Jonet Olsonbaker is a vsability engineer at the Applied Physics Laboratory,
University of Washington, Seaflle. She is Co-Principol Invesfigator of the
Boater information System (BIS], o web portal that helps boalers access
culting-edge weather and oceanographic products for Puget Sound. She
manages the Mullimedia Development Program, which produces videos
and interactive web applications for education and science, computer-basec
training programs, 3D visualizations and animations. Her research inleresis
include Human Computer Interaction and Cognilive Task Analysis.



Sandro M, O'Neill

Research Scientist

Washington Stale Department of Fish and Wildlife

Fish Program

Seatile WA

oneilsmo@dfw.wa.gov

Ms. O'Neill is a research scientist with the Washington Department of Fish
and Wildlife. Washington. She received her B.S. in Zoology from Memorial
University of Newfoundland and her M.S. in Zoology from the University
of British Columbia. For the post 15 years she has led the Puget Sound
Assessment and Monitoring Program'’s assessment of contaminants in Puget
Sound fishes. Her research interests are the influence of fish lifa history on
contaminant aceumulation and mopping the flow of contaminants through
the aquatic food web.

Heather Osachoff

M. S¢. candidate (SFU) and Toxicogenomics Analyst
Environment Canado

Environmental Toxicology

North Vancouver British Columbia

Heather.Osachoff@ec.gc.ca

Heather Osachoff is o Master of Science in Biology student at Simon
Fraser University (Burnaby, BC, Canadal} and also works for Environment
Conada ot the Pacific Environmental Science Centre (North Vancouver,
BC, Conada). Her research combines traditional toxicological studies with
genomics tools to investigate sewage effects on gene expression in Pacific
salmon species.

Tom Ostrom
Environmental Biologist
Suquamish Tribe

Fisheries Department
Suquamish WA
tostrom@suquamish.nsn.us

Robert Pacunski

Fish and Wildlife Biolagist

Washingion State Department of Fish and Vvildlife

Marine Fish Science

Mill Creak WA

pacunrep@dfw.wa.gov

Bob Pacunski is @ Marine Fish Biologist and Research Divar with WDFW
where he has been conducting research on rockfish and lingced for the past
15 years. Bob received a B.5¢. in Biclogy from Seattle Pacific University in
1984 and a M Sc. in Fisheries from the University of Washingten in 1990.
Utilizing underwater technology and GIS, Bab's research has focused on
hebitat utilization by Puget Sound bottomfish and the mapping of those
habitats.

Gory Palcisko

Toxicologist

Washinglon State Department Health

Olympia WA

gary.palcisko@doh.wa.gov

Gary Palcisko is o health assessor with Washington Deparimant of Haalth.
He received a MS from the Universily of Washington and BS from University
of North Caroling, Charlotte. Recent projects include evaluating exposure
at a naturally-occurring asbestos site and developing health advice for
consuming Puget Sound fish.

Wayne A, Palsson

Research Scientist

Washington State Department of Fish and Wildlite

Mill Creek WA

palsswap@dfw.wa.gov

Wayne Palsson is a research scientist with the Washingion Department of
Fish and Wildlife. He has worked on marine fishes in Puget Sound for nearly
30 years and has focused on their biology, ecology, and management.

Sondra Parker Stetter

University of Washington

School of Aquatic and Fishery Sciences

Seattle WA

slps@u washington.edu

Sandra Parker Stetter is ¢ Postdoctoral Research Associate ot the School of
Aqualic and Fishery Sciences at the University of Washinglon, working with
Dr. John Horne. Her current research uses acoustics to address ecological

and management questions tor fish and largs invertebrates.

Julia K. Parrish

Associate Professor

University of Washington

School of Aquatic and Fishery Sciences

Seatile WA

iparrish@u.woshington.edu

Julia K. Parrish is an Associate Professor in the School of Aquatic and Fishery
Sciances and Depariment of Biology at the University of Washington.
Her research and academic interests follow three major routes: behavior
of organisms living in groups [like schools of fish and colonially nesting
seabirds}, seabird ecology (mainly Common Murres), and marine
conservation. Julia founded the COASST Program with 12 original
volunieers in 1999. The program has since grown to more than 400
volunieers on over 150 beaches.

Valerie Partridge

Estuarine Ecologist

Washington State Department of Ecology

Environmental Assessment Program

Olympia WA

vpard61@ecy.wa.gov

Valerie Partridge is an estuarine acologist with the Washington State
Depariment of Ecology. Since 2003, she has been Ecology's project lead
for the Washington Coastal EMAP project. She has a M.Sc. in biology from
Acadia University and o M.S. in statislics from Virginia Tech.

Clay R. Patmont

Partner

Anchor Environmental, LLC

Seattle WA

cpatmont@anchorenv.com

Mr. Patmont hos more than 27 years of experience in aquatic site
invesligations, source svaluations, and dasign of hazardous substance
remediclion and habitat restoration projects in aqualic environments,
particularly lakes, large rivers, and estuaries. He is a recognized national
expert in several areas, including integrated sediment cleanup and habitat
restoration design.

Daniel Pauly

Featured Keynote Speaker

Dr. Daniel Pauly is a French citizen, born in May 19446 in Paris, France. He
grew up in the French-speaking part of Switzerland, but completed high
school and university studies in the Federal Republic of Germany, where he
acquired a “Diplom” {= MSc] in 1974 and a Doclorate degree in Fisheries
Biology in 1979 at the University of Kiel.

He joined the International Center for Living Aquotic Resources
Management {ICLARM), in Manila, Philippines, in July 1979. In October
1994, he jcined the Fisheries Centre, University of British Columbia (UBC),
as a tenured Professor, and bacame Director of the UBC Fisheries Centre
November 1, 2003,

Dr. Pauly is a Fellow of the Royal Sociaty of Canada (Academy of Science),
one of UBC's "Distinguished University Scholars”, was named one of
Scientific American’s ”50 Research Leader” for 2003, and has received
numerous awards, notably the International COSMOS Prize from the
Expo’?0 Foundation, Japan in 2005, and the Volvo Environment Prize from
the Yolvo Foundation, Stockholm, Sweden in 2006.
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Antheny J. Paulson

Research Hydrologist

U.S. Geological Survey

Washington Waler Science Center

Tacoma WA

apavlson@usgs.gov

Anthony Paulson currently is the Section Chief of Environmental Hydrology
and Geochemistry. After receiving his Ph. D in Environmental Science from
the University of Washington, he conducted research with NOAA-Research,
U.S. Bureau of Mines, Drexel University, US EPA and NOAA-Fisheries. He
has collaborated with physical oceanographers to develop models that
couple physical and gaochemicel processes and has published over 30
refereed arlicles and reports on cycling of trace mefals and nutrients in Puget
Sound.

Pat Pearson

Woater and Natural Resources Faculty

Washington State University

Jefferson County Extension

Port Hadlock WA

pearsonp@wsu.edu

Pearson develops programs to educate residents about watersheds and
natural systems.

Marlow Pellatt

Coastal Ecologist

Parks Canada

Western and Northern Service Cantre

Vancouver British Columbia

Marlow.pellat@pc.ge.ca

Dr. Marlow Pellatt is the Coastal Ecologist for Parks Canada’s Western
and Northern Service Centre and an Adjunci Professor in the School of
Resource and Environmental Management at Simon Fraser University. Dr.
Pellot’s research interests are directed af coostal ecosystem processes,
palececology and paleoclimatology.

Briony E. Penn

Adijunct Professor

University of Victoria

School of Environmental Studes

Saltspring Island British Columbio

penngunn@salispring.com

Dr. Briony Penn is a journalist, broadcasler, aclivist, naturalisl, artist,
consultant and lecturer. She is the author and collaborator on a number of
books on natural history, community mapping and environmental education
in the Salish Sea. She is one of the founders of The Land Conservancy

of Brifish Columbio and has won national awards for her environmental
education and writing. Her first love is stewarding her islond, Saltspring, in
the Salish Sea.

Gretchen Peterson

PelersonGIS

Poulsbo WA

greichen@petersongis.com

Ms. Petarson has been conducting GIS analysis and development in the
Pacific Northwest for over seven years. Prior fo founding PetersonGIS,
she was a GIS analyst for a consulting firm where she designed the GIS
salmonid refugia model for Kitsap and JeHerson Counties in Washington
Siate. She holds a BS in Natural Resources from Cornell University.

Megan E, Petrie

Research Fisheries Biology

NOAA Fisheries / National Marine Fisheries Service

Northwest Fisheries Science Center

Manchester WA

megan.e.petrie@noao.gov

Megan has been with the Northwest Fisheries Science Center for aboul a
yeor, and currenily studies the behavior of steslhead both in their natural
habitat and experimentally in the laboratory. She is pardicularly interesied in

the habitat use and marine migration patterns of salmonids, and how those
behaviors are offected by environmental or ecological factors.

Stephen H. Phillips

Pacific States Marine Fisheries Commission

Portland OR

Stephen_phillips@psmic.org

Stephen Phillips has worked for the Pacific States Marine Fisheries
Commission since 1992 and has been the Aquatic Nuisance Species
Program Manager for the past 7 years. He received a B.S. in Biology
from Baldwin Wallace College in 1979 and a Masters Degree in Fisheries
Science from Oregon Slate University in 1987,

Monty Raisinghani

University of British Columbia

Chemical Engineering

Surrey British Columbia

montyr@interchange.ubc.ca

Young, Motivated, and AMBITIQUS Chemical Engineering Student at the
University of British Columbia, 4th Year, Process Option

Robert Rankin

Research Assistant

Environment Canada

Vancouver British Columbia

robert.rankin@ec.gc.ca

Robert Rankin is a fourth year student at Simon Fraser University. He has
both resource management and ecological field experience. Robert has
rescently been working as a coop student for Environment Canada, helping
to develop an Ecosystem Status and Trends Assessment for Canade.

Scott B. Redman

Program Manager, Toxics Reduction

Puget Sound Action Team

Olympia WA

sredman@psat wa.gov

Scott Redman is a Toxics Reduction Program Manager for the State of
Washington’s Puget Sound Action Team {PSAT]. He has worked for PSAT in
various capaciies, including acting direclor and science coordinator, far 10
years. Earlier in his career, Scott worked in other parts of the U.S. on Great
Lakes clean up and U.S. EPA regulalory programs. Scott has a Bachelor's in
Chemistry ond a Master's in Environmental Science with a concentration in
Environmental Chemistry.

Sarah Rees

Section Manager Program Development

WA Dept of Ecology

Olympia WA

sare461 @ecy.wa.gov

Sarah Rees manages the Program Development Section for the Air Quality
Program at the Washington State Depariment of Ecology. Her section is
responsible for statewide planning, rule development, air foxics, public
outreach, and air quality modeling efforts. She is @ PhD candidate al
Carnegie Mellon University, where har research focused on monitoring,
characterization and transport of fine PM. Prior to graduate school, she
practiced envirenmental law in California.

Blain R. Reeves

Nearshore Habitat Scientist

Washington Stale Depariment of Natural Resources

Nearshore Habital Program

Olympia WA

blain.reeves@wadnr.gav

Blain Reeves is o natural resource scientist with the Nearshore Habitat
Program ai the Washington State Depariment of Natural Resources. He
has worked on nearshore habitat monitoring, inventery and exctic species
research projects throughout Washington for more than ten years.



BIOGRAPHIES

36

Moelinda L. Rowse

Research Fishery Biologist

NOAA Fisheries / Nalional Marine Fisheries Service

Northwest Fisheries Science Center, Conservation Biology Division
Seattle WA

Mindy.Rowse@noaa.gov

Mindy Rowse is a Research Fishery Biologist in the Conservation Biology
Division, at Morthwest Fisheries Science Center. She is a member of the
Salmon Harvest Team and works with the Estuary and Ocean Ecology
Progrom on juvenile salmon research, including use of estuarine and
nearshore habitats in Puget Seund. She has a BS in Ecology and Wildlife
Biology from University of Wisconsin, Green Bay; and a MS in Fisheries
from University of Washington.

Wendi M. Ruef

Research Scientist

University of Washington

School of Oceanography

Seatile WA

wruef@u.washington.edu

Wendi Ruet is currently working as an oceanographer at the University
of Washington. She has been involved with the ORCA projeci since
June, 2000, and received a bachelor's of science degree in chemical
oceanography from the University of Washington in June, 2000,

Camille Russell

GIS ond Remote Sensing Analyst

People For Puget Sound

Habitat

Seattle WA

crussell@pugetsound.org

Comille Russell is an urban planner with experience using geospatial
technologies for environmental characterizations and assessments. Work
in academia has invelved the charocterization of urbanimpervious land-
cover in the Puget Sound region, and the quantification of critical salmon
habitat in the Puget Sound nearshore using o combination of GIS analysis
tools and remolely-sensed data. Camille’s current role includes developing
geospatial methodologies for habital restorotion, conducting GIS analysis,
and integrafing key stakeholders in habitat restoralion priorities.

Michal Russo

Research Assistant

University of Washington

Urbon Planning and Design

Sealtle WA

mr7@u.washington.edu

Michal is currently finishing a dual Masters in Urban Planning and
Landscape Architecture form the University of Washington. Her studies focus
on Urban Ecology, exploring the unique relafionship between humans and
the natural world within major metropolitan areas. After she graduates she
hopes fo lie emerging research in Urban Ecology with physical design to
alter human perception and behavior in Urban Ecosystems.

Michael Sanborn

Environmental Scientist

UMA Engineering Ltd.

Victoria British Columbia

mike.sanborn@umo.aecom.com

Mike Sonborn completed an M.Sc. at the university of Victoria befors joining
the institute of Ocean Sciences. He currently works as an environmenicl
sciantist UMA Engineering Lid. in Vicloria, BC.

Bettina C. Sander

Senior Aquatic Biologist

Golder Associotes Ltd.

Burnaby British Columbia

bsonder@golder.com

Ms. Sander has a M.Sc,, in Limnolgy, is an R.P. Bio, and an Associate in
Golder's Burnaby office. She has over 15 years experience in implementing
and managing environmental assessment and fisheries projects. She has
been working with the Squamish Nation for over 11 years on the salmon
enumeration program as well os other projects. She is primary author
on both the Squamish River Watershed Recovery Plan and the Salmon
Assessment Framework for the Squamish River Walershed.

Valentin H. Schaefer

Faculty Coordinator, Restoration of Natural System

University of Victoria

Environmntal Studies

Victoria British Columbio

schasfer@uvic.co

Val is an educator and urban ecologist. He is the Faculty Coordinator of
the Restoration of Natural Systems Program af the School of Environmental
Studies ot the University of Vicloria, His research focuses on urban
biodiversity and connectivity. Val is a recipient of the BC Minister of Ihe
Enviranment's Award for Environmental Education, and the BC Society of
Llandscape Architects’ Award for community service.

Anja Schanz

Estuarine Ecologist

Washington State Department of Natural Resources

Aquatic Resources Devision

Olympia WA

anja.schanz@dnr.wa.gov

Anja Schanz is currently leading the Eelgrass Stressor-Response Projec,
which focus on identifying the causes of eelgrass losses in Puget Sound
with the Washington State Department of Natural Resources. As a post
docioral ressarcher she worked on the development and intercalibration
of a Trilateral Seagrass Monitoring and Assessment Program (TMAP] in the
Wadden Sea (North Sea), and was invelved in projects dealing with the
habitat destruction and species lost along the European Coasts {ELME) at
the Alfred Wegener Institute for Polar and Marine Research. Her previous
research focused on seagrass ecology, hydrodynamics and ecological
functions of seagrass systems (PhD). She graduated as a marine biclogist
(Diploma) at the University of Bremen, Germany.

Cindy M. Schexnider

Environmental Contaminant Specialist

U.S. Fish and Wildlife Service

Environmental Contaminants

Llacey WA

cindy_schexnider@fws gov

Cindy is an Environmenial Contaminant Specialist with the U.S. Fish
and Wildlife Service in Lacey, WA. She has approximately 14 years of
experience as a biologist with the agency and has been working on the
trumpter swan lead shot ingestion problem since 2000,

Paul Schlenger .

Fisheries Biclogist

Anchor Environmental, LLC

Seotile WA

pschlenger@anchoreny.com

Paul Schlenger is a fisheries biclogist with Anchor Environmental in Seattle.
He attended the University of Virginie for his undergraduate degree and
recaived his Masters degree from the University of Washington's School of
Fisheries. His research has focused on fish interactions with physical and
biological anviranmental conditions. Paul's nearshore work has focused on
hobilatbased evaluations of environmental conditions for salmonids and

their prey.




Reg R. Reisenbichler

Fishery Research Biologist

U.S. Geological Survey

Western Fisheries Research Center

Seattle WA

reg_reisenbichler@usgs.gov

Managed and studied fishes in Wyoming and California. Conducted
research in experimental design, population genetics, population dynamics,
stream ecology, and life histories of anadromous Pocific salmenids from
Calitornia to Alaska. Specific topics include integration of artificial and
natural production, effects of marine-derived nutrients in streams, use of
ofoliths to describe estuary utilization by juvenile salmon, and habitat
ulilization, distribution, abundance, and growth of forage and other fishes
(including bull trout) in Puget Sound.

Casimir A. Rice

Research Fisheries Biologist

University of Washington and NOAA Fisheries

Mukilteo WA

casimir.rice@noaa.gov

Casey Rice is a Research Fisheries Biologist at NOAA's Mukilteo Facility. In
sixteen years with NOAA he has been involved in several research projects
focusing an the biclogicel effects of human acfivilies in coastal marine and
estuarine environmenls. Casey holds B.A. and B.S. degrees [The Evergreen
State College 1289), an M.S. in fisheries (University of Washington 1997),
and is currently pursuing a Ph.D. ot the University of Washington under the
supervision of Dr. James Karr.

Mike G. Richards

Program Coordinator

Georgia Strait Allionce

Green Boating

Nanaimo British Columbia

mike@GeorgiaSirait.org

Mike Richards, has been boating all his life and has spent time with the
Naovy and as o professional fisherman. Mike is 0 member of several boating
organizations and has cruised exiensively in Australio, Canada, The United
States and Mexico. Mike has qualifications in Environmental Science,
Education and Program Development. He is a member of the Canadion
Marine Advisory Council and is a past chair of the Georgia Basin Ecosystem
Initiative Green Boating work group.

Jeffrey E. Richey

Professor

University of Washington

Sealtle WA

irichey@u.washington.edu

Richey's research involves the biogeochemistry and hydrolegy of river
basins, from Hood Canal and Puget Scund to the large tropical basins of
the Amazon, Mekong, and Zambezi. Across this range of environments, a
set of problems remain constants it how o interpolate between sparse field
measurements, and ullimately create projections of possible fulure outcomas.
Hence his central focus is the inlegration of field measurements from multiple
sites with cyber infrastructure techniques.

Mindy L. Raberts

Environmental Engineer

Washington State Department of Ecolagy

Environmental Assessment Pragram

Olympia WA

mrob461@ecy.wa.gov

Mindy Roberls received a BS in Civil Engineering from the University of
California, Berkeley, and M5 in Civil and Oceanagraphic Enginesring from
the Massachusetts Institute of Technology and Woods Hole Oceanographic
Institution, and Ph.D. at the University of Washinglon. Greg Palletier
received a BS in Environmental Studies from Springfield College and MS in
Civil Engineering from the University of Washington. Both are professional
engineers with the Depariment of Ecology, modeling a variety of freshwater
and marine systems.

Cliff L. Rebinson

Porks Canada

Vancouver British Columbia

cliff.robinson@pc.gc.ca

Dr. Cliff Robinson is a marine ecosystem scientist with the Resource
Conservaticn unil of the Waestern and Nerthern Service Centre, Parks
Canada Agency, Yancouver, BC. He provides research support to
National Parks and te the Nalienal Marine Conservalion Areas program
on the Pacific and Arclic coasts of Canada. Research interests include
vnderstanding the structure ond functioning of near shore ecosysiems, such
05 seagrass meadows, ond understanding habitat use of key forage fish
speciss, through lield study, geographic infermation systems, and ecosystem
modelling.

Laura Rogers-Bennett

Associate Biologist

California Department of Fish and Game

Bodega Marine Lab

Bodege Bay CA

rogersbennett@ucdavis.edu

Dr. Rogers-Bennett received her Ph.D. in Ecology from the University of
California, Davis. She completed two post-docioral fellowships one at
UC Santa Cruz, Insfitute of Marine Science and the other at the UW.
Friday Harbor labs. Dr. Rogers-Bannatt is an associate biclogist with the
Californic Department of Fish and Game working at the Bodega Marine
Lab addressing processes that impact marine populations and communities
applying these findings lo resource assessment, manogement and
conservation.

Robert J. Rosenbauer

Geochemist

U.5. Geological Survey

Menle Park CA

brosenbauer@usgs.gov

Senior Geochemist with over thirty years research in organic, incrganic,
and experimenial geochemisiry of flundamental geclogic processes and
more recently in studies that provide information to help understand natural
and human-induced stresses on the environment. Research interests include:
Submarine hydrothermal systems, geochronology, the global carbon
cycle, ond chemical inleractions in the coastal zone, including the source,
Iransport, accumulalion, and impact of contaminanis on the microbial
community structure of coastal ecosystems.

Peter S. Ross

Research Sciantist

Fisheries and Oceans Conada

MEQ Section, Institute of Ocean Sciences

Sidney British Columbio

rosspe@pac.dio-mpo.gc.ca

Dr Peter S. Ross is a Research Scientist with Fisheries and Oceans Canada,
and holds Adjunct Professorships at the University of Victoria end Simon
Fraser University, He conducts research on environmental contaminants in
coostal food webs and on their consequences for marine mammals and
other biota.

Den P. Rothaus

Fish and Wildlife Biologist

Washington State Department of Fish and Wildlife

Central Shellfish Unit

Mill Creek WA

rothadpr@dfw.wa.gov

Don Rothaus has been a biclogist for the Washington Department of Fish
and Wildlife since 1988. His work focuses primarily on subtidal shellfish
species including geoduck, sea urchins, sea cucumbers and abalone. He is

also the WDFW Diving Safety Officer.



Orlando W. Schmidt

Environmental Soil Specialist

British Columbia Ministry of Agriculture and Lands

Resource Management Branch

Abbotsford British Columbia

orlando.schmidi@gov.be.ca

Mr. Schmidt is Environmenlal Soil Specialist with the British Columbia
Ministry of Agriculture and Londs. His work includes assessment of
agriculiural nutrient management praclices on the environment, and
development of planning tools to increase uptake of nutrient management
planning by farmers in BC. He has a B.Sc. in Agricultural Sciences from
UBC and is a current candidate for an M.5c. in Environmental Management
from Royal Roads University.

Lynn Schneider

BEACH Program Coordinator

Washington State Depariment of Ecclogy

Olympia WA

lyscd61@ecy wa.gov

M:s. Schneider received her B.S. in Environmental Chemistry from the
Evergreen State College in Olympia, Washington in 1988. She worked
as a chemist for Morton International for eight years prior to joining the
Washington State Department of Ecology in 2001. Lynn became the
BEACH Progrom Coordinator in 2001. Her main interest is the relationship
between increases in indicator levels and increased iliness rates associated
with water contact. Addilional interests include efficient and effective public
nolification and aducation related to fecal pollution at our recreational
beaches as well as remediation of polluted beaches.

Morgan M, Schneidler

Social Scientist

Frank Crth and Associotes

NWFSC Socioecnomics Program

Fall City WA

morgan.schneidler@gmail.com

Morgan M. Schneidler worked with the Mckah Tribe as part of her thesis
research to help evaluate ecotourism opportunities and challenges on the
reservation. She was as o research associate with the Washington Sea
Grant Program and ottended the University of Washington's School of
Marine Affairs. Morgan is currently employed as a social scientist and
works with the Northwest Fisheries Science Center's socioeconomic program
to better understand the human dimension of the marine and coastal
ecosystems in the Northwest Region.

Mathaniel L. Scholz

Research Zoologist

NOAA Fisheries, Northwest Fisheries Science Center

Ecotoxicology Program

Seattle WA

Nathaniel.Scholz@noac.gov

Nat Scholz manoges the Ecotoxicology and Environmental Fish Health
Program at NOAA's NMorthwest Fisheries Science Center. He plans and
coordinates NOAA's poliution-related rasearch in the Pacific Northwest. He
is particulorly interested in the impacts of coastal development and toxic
stormwater runoff on salman and marins fish species. He has a Masters
in marine biclogy [Boston University] and a Ph.D in zoology {University of
Washington).

“ans Schreier

" ssor

«arsity of British Columbia
Institute for Resources & Environment
Vancouver British Columbia
star@interchange.ubc.ca
Jenniler MacDonald has an MSc degree from UBC in Resource
Management and worked for 2 years years as o resaarch associate af the
Institute for Resources and Environment at UBC before joining Environment
Canada in Nov. 2006. Her research interests are in water resources
management, hydrological and poliution processes and stormwater
managemenl.

Peter Schwarzhoff

Head, Air Quality Science

Environment Canada

Vancouver BC

peter.schwarzhoff@ec.gc.co

Peter Schwarzhoff manages the Meteorological Service of Canada’s Air
Quality Science Unit in Vancouver. This unit includes experts in monitoring,

atmospheric chemisiry, data analysis, meteorology and air quality modeling.

Issues of current interest include emissions scenario modeling, source
apportionment, transboundary and transcontinental Hows of air pollution.
Peter is Environment Canadua’s nafional lead on the impact of pollution on
visibility.

James Sellack lit

People for Puget Sound

Seattle WA

wildsec@earthlink.net

James is specialized in morine habitat ecology, pepulation biology,
statistical design, and invasive species. Masters of Science in marine
ecology from Western Washington University, B.S. in marine biology from
University of New Hampshire. Has conducted research in broad scale
marine ecosystems, including groundfish, eelgrass, nearshore inveriebrates,
and estyarine processes. Scuba instructor for NAUL. Previously employed
by Washington State Fish and Wildlife, Department of Natural Resources,
and The Nature Conservancy.

Laura J. Sellens

Western Washinglon University

Huxley College of the Environment

Bellingham WA

sellenl@ce wwu.edu

Laura is a Master of Science candidate ot Huxley College of the
Environment at Western Washington University in Beflingham, Washingten.
Laura received her B.S. from Huxley College in 2005, where she studied
invasive plants, environmental toxicology and ecologicol risk assessment of
genetically modified organisms. Her current research and career interests
include population ecology of biological contaminants, geospatial analysis,
botany, and integrating social and economic impacts into environmental
assessments.

Tara Sharma

GIS Specialist

Parks Canada

Gulf Islends National Park Reserve

Sidney British Columbia

lara.sharmo@pc.gc.ca

Tara Sharma is the GIS Specialist for the Gulf Islands National Park Reserve
She is interested in applying GIS and remote sensing lechniques for park
planning and management, specially for ecosystem mapping, monitoring,
protection, and restoration. Besides studying landscape changes, she is
also working on exploring use of LIDAR ond hyperpsectral remote sensing
lor forest canopy characlerization. In her earlier career she worked as a
Remole Sensing Scientist with the Indian Space Research Organization.

Patrick Shaw

Senior Environmental Objectives Scientist

Environment Conada

Vancouver British Columbia

pat.shaw@ec.gc.ca

Patrick Shaw is a scientist with Environment Canada in Vancouver.
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Margaret Shield

Coalition Coordinator
Toxic-Free Legacy Coalition
Seatile WA
mshield@toxicfreelegacy.org

Hugh Shipman

Washington State Department of Ecology

Bellevue WA

hshid61@ecy.wa.gov

Hugh Shipman has been a coaslal geologist with Shorelands Pragram of
the Washington Depariment of Ecology since 1989. Mr. Shipman's work
is focused on the shoreline of Puget Sound. His interests include shoreline
erosion and coastal landforms, landslides and geologic hazards, beach
nourishment and restoration, and the environmental impacts of shoreline
modification. Hugh received a B.A. in Earth Sciences and Engineering from
Darimouth in 1981 and an M.5. in Geological Sciences from the University
of Washington in 1986.

Ginger Shoemaker

Graduate Student

University of Washington, Sealtle

College of Forest Resources, UW Botanic Gardens

Seattle WA

gmtd@u.washington.sdu

Ginger Shoemaker is a beginning Ph.D. student at the University of
Washinglon studying Zostera maring ecology. She is an ARCS fellow

and just recently moved to Seattle from Calitornia where she completed a
master’s degree at Humboldt Stale University in marine botany and worked
on a live-year Zostera marina monitoring project with California Sea Grant.

David H. Shull

Assistant Professor

Western Washington University

Department of Environmental Sciences

Bellingham WA

david.shull@wwu.edu

David Shull is an assistant professor in the Department of Environmental
Sciences, Huxley College of the Enviranment, Western Washington
University. David received a B.S. in oceanography from the University of
Washington, an M.5. in oceanography from the University of Connecticut,
ond a PhD in Environmental Science from the University of Massachusstts
Boston. Before coming to Western he worked os o research associate ct
the University of Maine and an assistant professor of biology ot Gordon
College, Wenham, MA.

Charles A. Simenstad

Research Professor

University of Washington

School of Ocean and Fishery Sciences

Seattle WA

simenstd@u.washington.edu

Charles Simenstad is a Research Profrofessor ot the Schoal of Aquatic
and Fishery Sciences, University of Woshington, whare he coordinates
the Wetland Ecosystem Team [WET]. WET conducts interdisciplinary,
applied and basic research in astuarine and coastal marine shallow-water
ecosystems, with emphasis on their structure and dynamics, processes thal
support juvenile salmon, restoralion ecology and the distribution and role of
invasive organisms.

Robert C. Simmons

County Extension Director

Woashington State University

Extension

Shelton WA

simmons@wsv.edu

Bob Simmons is the Director of the WSU Mason County Extension office, as
well as the WSU Extension State Water Quality Coordinator. Over the past
14 years he has developed a number of educalional publications, videos,

journal articlas and has established a number of outreach programs serving
South Puget Sound. He has a MS in Water Resources Management from
the University of Rhode Islond and a BS in Geomechanical Engineering from
the University of Rochester.

William Simonds

Hydrologist

U.S. Geological Survey

Tacoma WA

wsimonds@usgs.gov

Bill Simonds works for the U.5. Geological Survey out of the Washington
Water Science Cenler in Tacomo, Washinglon. He has been involved in
a number of surface water-ground waler interaction studies in western
Washington. His current research project involves measuring submarine
groundwater discharge as il relates o nuirient loading and the heclth of
Hood Canal.

Sara Singleton

Associate Professor

Western Washington University

Political Science

Bellingham WA

sara.singleton@wwu.edu

Sara Singlelon is an associate professar in the Political Science Depariment
at Western Washington University. Garrett Bouldin is a graduate student in

the Political Science Depariment at WWU. This research wos funded by teh
Border Policy Institute at Western Washington University.

Teresa E. Sjosirom

Hood Canal Salmon Enhancement Group

Belfoir WA

teresa@hcseg.org

Teresa Sjostrom graduated from Wesiern Washington University in 2005
with a Bachelor of Science in Biology. She began working with the Hood
Canal Salmen Enhancement Group (HCSEG) as an intern, conducting
stream habitat surveys over four summers. As a HCSEG staff member, her
efforls are now focused on the Hood Canal Dissolved Oxygen Program,
a Steelhead Supplemeniation Study, and o Derelict Fishing Gear Removal
Program.

John W. Small

Landscape Planner

Anchor Environmental, LLC

Seattle WA

ismall@anchorenv.com

John Small is a Landscape Planner and Landscape Architect with a strong
interest in developing science based approaches to habitat restoration and
conservation.

Kaia Smith

Environmental Educatar

Swinomish Indian Tribal Community

Office of Planning and Community Development

La Conner WA

ksmith@swinomish.nsn.us

Ms. Smith, an Alaska Native, is the Environmental Educator for the
Swinomish Indian Tribal Community, La Conner, WA. Her work focuses on
local youth, working in the Swinomish preschool, the local school system,
and in several local after-school programs. She also provides environmenta
education and outreach during community events, both at Swinomish and ig
the surrounding local communities.

Daniele J. Spirandelli

University of Washington

Department of Urban Design and Planning

Seattle WA

danieles@u.washington.edu

Daniele Spirandelii is a PhD student ot the University of Washington,
Department of Urban Design and Planning.



Julonn A. Spromberg

Ecotoxicologist

NOAA Fisheries, Northwest Fisheries Science Center
Ecotoxicology Progrom

Seattle WA

julann.spromberg@noca.gov

Julann Spromberg is an ecoloxicologist at NOAA's Narthwest Fisheries
Science Center. Her primary inlerests are in the impacts of chemical
contaminants on threatened salmon and other trust resources for NOAA.
She uses mathematical models to forecast the pepulation-scale impacts
of poliution. She holds & doctorate in Toxicology from the University of
Kentucky.

Brian Stahl |

Senior Resource Planner

Kitsap Conservation District

Port Orchard WA

brian-skahl@wa.nocdnet.org

Brian Stah! has been a Senior Planner for the Kitsap Conservation District
since 1996, With a BS in Agriculture-Business from the University of
Wisconsin,River Falls and as a previous owner and operator of a dairy farm
in Wisconsin, Brion undersiands the challenges of resource protection on a
working farm

Stephen Stanley

Washington State Department of Ecology

SEA Program

Bellevue WA

SSTA461@ECY.WA.GOV

Mr. Stanley has a BS in Aquatic Biology and a BA in Environmental Studies
from UC Santa Barbara. For the past thirty years he has worked with local
governments to develop watershed management plans for coastal resources
and wetland assessment methods. He presanlly works for the Washington
Depariment Ecology where he has helped develop o watershad based
methodology for protecting and restoring aquatic resources.

Peter D. Steinberg

University of Washington

Civil and Environmental Engineering

Seatile WA

peterds@u.washington.edu

Graduate student in Civil and Environmental Engineering coordinating
streamwater sampling program in Hood Canal watershed.

Scolt A. Steltzner

Research Fisheries Biologist

Squaxin Island Tribe

Natural Resources Department

Shelton WA

ssteltzner@squaxin.nsn.us

Scott Stelizner is a research fisheries biologist with the Squaxin Island Tribe
in Kamilche Washington. Studies of interest include early marine life history
for Pacific salmon.

Jeffrey Stern

King County

Department of Natural Resources and Parks

Seattle WA

jeff.stern@matroke.gov

Jeffrey Stern is an oceanographer with over 25 years experience in Puget
Sound. He worked for the Puget Sound Water Quality Authority on the
Puget Sound Ambient Monitoring Program and was contaminaled sediments
and stormwater programs lead. Jeff also developed the PSAMP tish
monilering program, worked on the PSEP urban bay studies ond is a pane!
member of the Elliott Bay/Duwamish Restoration Program. He is currently
working for King County on sediment cleanups in Duwamish and Elliott Bay
and modeling the transfer of PCBs in Puget Sound.

Eric Stover

GIS Analyst

People for Puget Sound
Seattle, WA

estover@pugetsound.org

Eric Stover is a biclogist with experience surveying and monitering wildlife,
crealing and managing databases, and anolyzing spatial data of wildlife
habitat use patterns. His work has involved monitoring the spatial and
temporal patterns of threalened and endangered species in the western
Mojave Desert and in the Puget Sound region. Eric’s current efforts

include overseeing internal systems for data management and integration,
performing GIS analysis, preparing maps, and developing geespatial
methodologies for habitat restoration pricrities.

Kristina Straus

Graduate Student - Research Assistant

University of Washington

School of Aquatic and Fishery Sciences

Seatle WA

kmstraus@u.washington.edu

Kristi Straus is a graduate student ai the University of Washington, interested
in research into the recovery of abolone species, and Kerry Naish is an
Assistant Professor,researching the evolutionary genstics, genomics and
conservalion of aquatic animals.

Roger C. Sutherland

President

Pacific Water Resources, Inc.

Beaverton OR

Roger. Sutherland@PacificWR.com

Mtr. Sutherland is a senior water resources engineer with 32 years of
professional experience in watershed managemeni planning and modeling.
As a consultant in the 1980s fo the EPA’s NURP project in Bellevue,
Washington, he studied the water quality impacts of street sweeping
pracfices. He recently completed a comprehensive study of the water
quality benefils of cleaning the Cross Israel Highway near Tel Aviv, Israel.
He is currently working on Seattle’s Street Sweeping Pilot project.

Ruston M. Sweeting

Fisheries Biclogist

Fisheries and Oceans Canoda

Nanaimo British Columbia

sweetingr@pac.dfo-mpo.gc.ca

Dr. Sweeting has been with DFO for 10 years, and has been the chief
scientist at sea for this project almost as long. His research interests include
physiagical and physical respenses of salmon 1o environmental stimuli and
change.

Randal Y. Taira

Senior Research Engineer

Battelle Pacific Northwest National Loboratory
Seattle WA

Randal Taira@PNLGOV

Renee K. Takesue

Research Geochemist

U.S. Geological Survey

Coastal & Marine Geology

Santa Cruz CA

rtokesue@usgs.gov

Renee Takesue is a frace metal geochemist with the Coastal & Morine
Geology Team of the U.S. Geological Survey. Her work in the San Juan
Archipelago, Skagit Bay, and Liberty Bay explores relationships between
nearshore biogeochemical processes and ecosystem health.
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Michael L. Taylor

Principal and Managing Partner

Cascade Economics LLC

Washougal WA

miketaylor@pacifier.com

Michael L. Taylor, Ph.D., is & natural resource economist and principal

of Cascade Economics LLC. He has more than 20 years of experience
conducting applied economic studies. His expertise includes economic
analysis, computer modeling, and quanlilative methods applied to issues
related to waler resources and water rights, fish and wildlife valuation,
the Endangered Species Act, and feasibility analysis. He holds M.5. and
Ph.D. degrees in Agricultural and Resource Economics from Oregon State
University.

Randy Taylor

Woashington State Department of Agriculiure
QOlympia WA

rtaylor@agr.wa.gov

William J. Tayloer

Toylor Associates, Inc.

Seatle WA

btaylor@taylorassoc.net

Bill Tayler is an aquatic ecosyslems scientist with over twenty years
experience in ecological monitoring and restoration. His work involves
both fresh and aqualic environments, and hos included habital restoralion
design and ecological assessment of the Duwamish River estuary, including
resioration sites.

Sue Texeira

Education and Outreach Coordinater

Hood Canal Coordinating Council

Poulsba WA

stexeira@hcce.wo.gov

As the Education and Outreach Coordinator for the Hood Canal
Cocrdinating Council, Sue coordinates and pariners with communities and
agencies on natural resources and environmental profection and restoration
education. Ms. Texeira has also worked for Washington Sea Grant as a
Continuing Education Coordinator. Sue has a BS degree in Environmental
Science and Community from Evergreen State College.

Thomas Therriault

Research Scientist

Fisheries and Oceans Canada

MNanaimo British Columbic

therriaultt@pac.dfo-mpo gc.ca

Dr. Therriault is o research scientist with the Canadian Departmenl of
Fisheries and Oceans at the Pacific Biological Station in Nanaimo and

an adjunct facully member at the University of Windsor. He is an active
member of both the CAISN network and DFO’s AIS program with research
projects under each of the major themes. in addition fo his AIS projects, Dr.
Therrioult also conducts research on forage species including Pacific herring
and evlachon.

Ronald M. Thom

Staff Scientist

Battelle Pacific Northwest National Laboratory

Marine Sciences Laboratory

Sequim WA

ron.thom@pnl.gov

Dr. Ronald Thom, who leads the Coastal Assessment and Restorction
technical group at the Battelle Marine Sciences Laboratory in Sequim,
Washington, has over 35 years of experience as an estuarine and coastal
ecologist, and fisheries biologist. Dr. Thom's research is applied to marine
and estuarine systems and includes habitat construction and restoration;
adaptive management of restored systems; effects of pollution; benthic
primary producfion; climate change; invasive species; and ecology of
fisheries resources.

Keith B. Tierney

PhD Student

Simon Fraser Univarsity

Biological Sciences

Burnaby British Columbia

ktierney@sfu.ca

I am PhD student in my fourth year of study. | hold a BSc in biology {SFU),
an M5c in fish physiology {completed with A.P. Farrell ot SFU}, and an MBA
{UBC). This presentation is a collaboration between Simon Fraser University,
Fisheries and Oceans Canada, and Environment Canada.

Steve W. Todd

Habitat Biologist

Point No Paint Treaty Council

Kingston WA

stodd@pnpic.org

| have been employed with the Point No Point Treaty Council for about 7
years, involved mainly in salmonid habitat assessment and conservation, |
have o Bachelors Degree in Environmental Science (Walershed Plonning)
from Western Washington University, and a Master of Science Degree in
Fisheries Resources from the University of Idaho.

Jason Toft

University of Washington

School of Aquatic and Fishery Sciences

Seattle WA

tofty@u.washington.edu

Jason Tolt is a nearshore research ecologist at the University of Washington
School of Aquatic and Fishery Sciences, whose primary scienlific interests
revolve around the ecology of cquatic estuarine and nearshore habitats,
biclogical menitering of restored wetlands, juvenile salmonid abundance
and prey resource dynamics, effects of nan-indigenous species on native
communities, and taxonomy of aquatic invertebrates.

Tomas Tomascik

Senior Advisor Marine Conservation

Parks Canada

Western and Northern Service Cenire

Vancouver British Columbia

tomas.tomascik@pc.gc.ca

Current posifion with Parks Canada. BSc from University of Toronto,
PhD from McGill University. Primary focus on the development and
establishement of National Marine Conservation Areas in BC.

Vera L. Trainer

Research Oceanographer

NCAA Fisheries / National Morine Fisheries Service

Northwest Fisheries Science Center, Environmental Conservation
Division

Seattle WA

vera | frainer@noac.gov

Dr. Vera Trainer is the Program Manager of the Marine Bioloxin group at
the Nerthwest Fisheries Science Center. Current research activities include
refinement of analytical methods for both marine toxin and toxigenic speciet
detection, assessment of environmental conditions that inflvence toxic bloom
development and understanding shellfish susceptibility lo toxins in their
environment. She is the co-Pl on a regional Ecelogy and Oceanography of
Harmful Algal Blooms (ECOHAB) research project that will study Pseudo-
nitzschia blooms off the WA coast over the next 5 years. Trainer is the lead
investigator of the Olympic Region Harmful Algal Bloom (ORHAB) project,
a regional monitoring effort involving federal, state ond local agencies,
coasial tribes, and academic institutions. Dr. Trainer received her B.S. in
Biology from Indiana University of Pennsylvania, and both her M.S. in
Biological Oceanography, and Ph.D. in Biochemisity and Molecular Biolog
at the University of Miami, with postgraduate studies in the Pharmacology
Department at the University of Washingion.



Heather Trim

Urban Bays Coordinator

People For Puget Sound

Seattle WA

htrim@pugetsound.org

Heather Trim, Urban Bays Project Coordinater for Pecple For Puget Sound,
hos more than 15 years of experience in environmental work (BS, Geology,
PhD, Geochemistry). In Los Angeles, she worked for the Regional Water
Quality Control Board on water quality standards, regulatory permits, and
pollution assessments of bath surface and ground water for Los Angeles
and Ventura Counties. She then was staff scientist for the Los Angeles and
San Gabriel Rivers Walershed Council focusing on various projects leading
to the greening of the rivers, including water quadlily, stormwaler issues,
pollution assessments and habitat renewal. She joined People For Puget
Sound in 2002 and works on Seatile policy issues and an foxics Puget
Sound-wide.

Alex H. Uber

Salmon Habitat Restorotion Specialist

Washington State Department of Fish ond Wildlife

Habitat Prograrm

Olympia WA

ubsrahu@dfw.wa.gov

Alex Uber: Bachelor Degrees in Civil Engineering and Biology, Portland
State University in Porfland Oregon. Professional Engineering (PE) licenses
in OR and WA. Following a  year coreer in engineering, has worked as
a Salmon Habitat Biologist with WA Dept. of Fish and Wildlife since 1999.
Currently manages fish passage barrier removal projects on WDFW owned
lands in Eastern Washington state.

Vince YanBeelen

Ducks Unlimited Canada

Surrey British Columbio

v_vanbeelen@ducks.ca

Biologist for Ducks Unlimited for three years involved in the Delta Wotefowl
Compensation Program, Fraser Delta North Puget Sound Spatial and
Tempora! Habitat Study, Comox Valley Watetow! Management Program,
etc.

Elizabeth Waddell

Air Resources Specialist

Mational Park Service

Seottle WA

elizabeth_waddell@nps.gov

Elizabeth has worked for the National Park Service for four years. Frior

to that, she worked for the Environmental Protection Agency, the National
Oceanic and Atmospheric Administration, and the Califernia Air Resources
Board. Her degree is in almospheric science from the University of
California at Davis

Veronica M. Wahl

PhD Candidate

University of British Columbia

Resource Management ond Environmental Studies

Vancouver British Columbia

ronwaohl@interchange.ubc.ca

I am a PhD Candidate in Resource Management and Environmental Swdies
at UBC. My research focus is on environmental stewardship volunteering

in the Lower Mainland, BC. This work builds the MES work | did at York
University, which included a case study of a communily-based environmental
organization. | have been involved for several years with many
snvironmental stewardship organizations and initiatives as a researcher,
coordinalor, member, and active volunteer.

Micah M. Wait

Conservation Ecoloegist

Wild Fish Conservancy

Research and Restoration

Duvall WA

micah@washingtontrout.org

Micah Wait is an ecologist with Washington Troul. He has spent the lost
5 years working o preserve and restore Washington's wild fish and the
ecosystems they depend on through research and restoration projecits.

Hu Wallis

Director

Environmental Quality Branch

BC Ministry of Environment

Hu Wallis is the director of the Environmentel Quality Branch of the BC
Minisiry of Environment. His branch responsibilities include air quality and
climate change, both of which are the focus of increasing government
pricrity. Hu has post-graduate Iraining in air pollution meteorology, and
managed the provincial air program for 15 years. The provincial program
relies on strong partnerships with local and federal governments, and links to
primary and applied science to guide decisions.

Tim Walls

Senior Plonner

Snchomish County

Tim Walls is the Lead Enlity Coordinator for the Snohomish River Basin,

As a Senior Planner al Snchomish County Public Works Surface Water
Managemenl, he is also the Endangered Species Act Program Lead for
the Division. Tim's background is varied, from engineering to an MBA

in International Business and most recently a Master’s in Ecological and
Natural Resources Planning from the University of British Columbia. Tim has
worked with environmental groups, First Nations, farmers and a conservation
district enacting on-the-ground conservation of our natural ecosystems

Shaun A. Watmough

Trent University

Environmantal and Resource Studies

Peterborough Ontario

swatmough@trentu.ca

Faculty member Environmental Resource Studies, Trent University

Gordon F. Weetman

University of British Columbia

Vancouver British Columbia

gweeimon@interchunge.ubc.cc:

Professor emeritus of Forest Science with 30 years of study of forest
fertilzation ond forest nutrition issues in Canada.

James E. West

Research Scientist

Washington State Depariment of Fish and Wildiife

Marine Resources Division

Olympia WA

westiew@dfw.wa.gov

Jim West received his B.S¢. in Marine Biology from Southampion College,
Leng Island, NY in 1980, and his M.Sc. in Zoology frem the University of
Hawaii in 1985. He has been with the Washington Depariment of Fish and
Wildlife since 1990, and has worked in Puget Sound on research projects
dealing with artificial reefs, function of nearshore habitats as nurseries for
juvenile rockishes, drift algas habitats, rockfish growth and genetics, and
toxic contaminants in marine and anadromous species. He is also keenly
interested in developing o better understanding of the effects of human
activilies on the healthy function of Puget Sound’s ecosystem.
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Robert G. Whyte
Manager

Pacific Trident Fishing Co. Ld.
Research

Duncan British Columbia
guywhyte@telus.net

Has been aclive in the abalone industry since 1966, horvesting, processing,

rearing and marketing. Constrycted and operated a haichery plus a small
turn key operalion for ten years in the Vicioria area. Designed, constructed
and managed for five yeors Bamfield Huu ay aht community abalone
project implementing o stock recovery program.

Christianne E. Wilhelmson

Clean Air and Water Program Coordinator

Georgia Strait Alliance

Vancouver British Columbia

christianne@georgiastrait.org

Christianne Wilhelmson has been the Clean Air and Water Program
Coordinalor for the Georgia Strait Alliance since 2002. She has a M.Sc.
(Ecology) from UBC, and has worked on environmenial issves in BC
since 2001. Prior to this, she worked os o researcher and lab instructor ot
the Univarsity of British Columbia. Christionne also works as a freelance
science writer for the non-governmental secior, along with a variety of other
agencies.

lan Williamson

Masters Candidate

Simon Froser University

School of Resource and Environmental Management

Burnaby British Columbia

icwillio@shu.co

lan Williamson returned to schoot after nearly 9 years in the GYRD's water
quality loboratory as a sampler, lab technician, and bacteriologist/analyst.
He has traveled extensively and worked in federal, provincial, and privale
environmental and quality control positions. lan’s research interest is in
integrative watershed planning and management and the effecis of climale
change on water supply and quality.

Christopher Wilson

Director, Resource Enhancement Program

Island County

Planning and Community Development

Coupeville WA

ChrisW@co.island.wa.us

For past 9 years, Chris served as an Environmanial Health Specialist for
Island County, Washington. Before that, he monitored waler quality for the
City of Portland {Oregon), and in Idahe. He also did habitat assessments
in the Chehalis River Basin for US Fish and Wildlife Service. He graduated
from Eastern Washington University in 1992 with a BS in Biclogy.

Sandy Wyllie-Echeverria

Research Scientist

University of Washington

Friday Harbor Laboratories and UW Botanic Gardens

Friday Harbor WA

zmseed@u.washington.edu

Dr. S. Wyllie-Echeverria is o Ressarch Scientist, UW Botanic Gardens and
Friday Harbor Laboralories, University of Woshington. His expertise lies
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