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Ponel IA: fhe Power of Woter: Potentiol Cleon
Encrgy Sources
Choir: Lindo Lysholl

Storting with on overview o[ how tidol ond wove energy works,
polentiol environmentol concerns, ond tribol righls, this ponel will
oddress issues such os tidol energy in the GBPS region, technology,
regulotory ond reseorch issues, fundomenlol limits lo the power potentiol
o[ tidol skeoms, ond the utilizotion o[ woter from streoms to produce
hydrogen energy.

Ponel Members:
. Doryl Willioms, Tulolip Tribe
. Jennifer Hennessey, Woshington Deportmenl of Ecology
. Croig Collor, Snohomrsh Public Utili es District
. Dr. Chris Gorrett, Universily ol Viclorio
. Poirrck Cummins, lnstifutre ol Oceon Sciences
. Monty Roisinghoni, University o{ Eritisfi Columbio

Tidol Energy in the Puget Sound
Croig Collor, Snohomish PUD

Roger Eedord Electric Power Reseorch lnsfitute

Presentotion will provide on overview of tidol energy technology ond
opplicotion os well os on overview of the chollenges ond opporlunities
foced by the Snohomish PUD in the foce of ropid service oreo lood
growth ond the implementotion ol Renewoble Portfolio Stondords. The

presenlolion will discuss the polantiol of tidol energy in Pugel Sound

from o technologicol, economic, ond environmentol stondpoint, ond will
discuss the current stotus o[ Snohomish PUD's efforts to responsibly study
the tidol energy resource in the Sound.

Fundomentol limits to the Power Potentiol of Tidol Streoms
Chris Gorretl, Uoiversity of Viclo o
Potrict Cummins, lnstituie of Oceon Sciences

The exploilotion o[ strong tidol currenls for electricity generolion is

being proposed for mony locotions in fie Solish Seo. Smoll.scole
instollotions con be evoluoted using stondord formuloe ond do not
hove o significont impoct. As more ond more turbines ore odded,
however, fhe flow will tend to b€ dowed. Quite opo from the possibla

environmenlol impoct of this, it implies on upper bound to tha power
ovoiloble. Simple generol theories, supporled by detoiled numericol

modeling, provide eosily opplied formuloe for the moximum power
ovoiloble ot ony porticulor locolion, ond for the reduction o[ flow
thot would occur in this moximizing slote. The results differ from mony

published evoluotions bosed on erroneous ossumpJions- Presenl

models ossume thot o fence of tidol turbines occupies the whole cross-

section o[ o chonnel, though this might be ruled out by shipping needs.

Preliminory results on the loss of potentiol coused by portiol ldol fences

will be presented. The ochievement o[ optimum configurotions, ond
determinotion o{ environmenlol impoct, will require [urther colloborotion
between engineers, oceon physicistt ond olher morine scientists, While
tidol slreom energy moy contribute to our needs, porticulorly in remote

locotions, its limited potentiol ond possible environmentol impoct suggesl

thol we should olso consider olher non.fossil energy rcurces such os
nucleor powel toking odvontoge of the strong tidol currenls to provide

o plentiful supply ol cooling woter.

Tidol Current Energy Technologn Regulotions, ond
Reseorch
Jenniler Hennessey, Woshinglon Deportmenl oi Ecology

The need for cleon energy hos prompted the development o[ vorious

types of turbines designed lo coplure tidol current energy ond lronsform

il into electriciq/, os well os vorious iurisdiclions requesting parmits for
instollotion of turbines. This presentolion will explore the vorious types

of turbines proposed, the current regulofory structure, ond reseorch lhot
is needed to determine the potentiol environmenlol impocts of this new
technology.

The Hydrogen Economy-Utlizing Woter From Slreoms to
Produce Cleon Energy
l{only Roisin gho ni, U BC

Our world hos been dependent on the oil ond gos industry for decodes.

As the Kyoto Protocol becomes o growing concern, industries must do
their porl lo ensure thot the environmentol stondords ore met. Alternotive

energy reseorch hos baen sooring, ond componies ore trying to find

novel solulions to the energy crisis focing our world todoy.

Hydrogen power, is one o[ those solutions. Hydrogen production

process requires intense omounts o[ energy input, to ottoin lhe {inol
product. Additionolly, with compression ot higher pressures, the tonks

become volotile. Hydrogen Power lnc.'s process, however, produces

hydrogen on demond in on environmentolly friendly monner. There

ore no corbon dioxide or corbon monoxide emissions during the
process. ond the hydrogen con be used for everydoy opplicotions-
The presentotion will consist ol on onolysis of the process, ond how il
benefits from other hydrogsn production mechonisms.

As chemicol engineers not only ore we colled upon to confol o
chemicol process, but olso to ensure lhol every process we conducl
is environmentolly ond economicolly vioble. lt is up lo lhe chemicol

engineers o[ todoy to secure o greener fulure-

Session lC: Modeling ond Decision Support lools I
Choir: Julio Bos

Green lnfrqstructure Assessment Tool Applied to on
Alternotive Futures Applicotion
Erik Neorher/io John Jocobson, John Corleton*, Wosfiington Stote

Deportment oI Fish ond \Nildlife

Under the ouspices of severol stote lows, including fte Growth
Monogemenl Act (RCW 36.70A) ond the Shorelines Monogement
Act IRCW 90.58), locol governments in the Stote o[ Woshington ore
responsible lor moking ond implementing lond use decisions lhot
occommodote expected growth while limiting environmentol impoct.
The Woshington Deportment o[ Fish ond Wildlife is supporting locol
government plonners in these efforts by developing wildlife hobitot

suilobility ossessmeni tools ond providing guidonce opplicoble
over multiple spotiol scoles. We inhoduced o Green lnfrostruclure

Geogrophic lnlormolion System (GlS) ossessment lool opplied lo on
Alternolive Futures opplicotion within Kitsop Counry Woshinglon.

GIS dolo, including ecoregionol ossessments, rood density, lond use/
lond cover, priority hobitots ond species, os well os locol empiricol
knowledge, were used to produce o mop thot depicts current wildlile
hobitot suitobility for the entire counb,. A process thot combined this

suitobility mop with citizen input ond county plonned development
inlormotion wos used to estimote lhree different ohernotive futures for
wildli{e hobitot suitobility in the Silverdole community wotershed.

Iinking Londs: lntegrotion of Wildlile Hobitot Mopping into
Municipol Policies ond Progroms
Eloine Anderson ", Longley Environmenrol Portnea Sociery

Jeny{er Neumonn, Potr'rck Morples, Township of Longley

Over the posl 7 yeors LEPS hos been working with the Township ol
Longley, oll levels of government, os well os communily groups to

develop o municipol Wildli[e Hobitot Conservolion Strotegy. trom lhe

ouhet, the inlent of the muhi-stokeholder porlnership wos lo identify
hobitot in the Township ond work with the municipolity to identify tools to
prolect wildlife hobint. The portnership hos been extremely successful.

The antire Township hos been mopped using '13 hobitot clossificotions.
A hobitot-species dotobose bosed on "Wildli[+Hobitot Relotionships into



Oregon ond Woshington' (O'Neil et ol. 2001 ) links hobirot types with

species $ol use thot type of hobitot. The dohbose indicofes thot the
Township provides hobitot [or over 250 species ol wildlife.

LEPS is working wilh representotives from tha Township to identify
municipol policies ond progroms thot con be used to support wildlife
hobitot conservolion, enhoncement, ond restorotion. Gools include:

. Protedion of wildlife hobitot potches ond connectivity

. lntegrotion of hobitol protection inlo policies, ond progroms

. lmplementotion progrom to prolect wildlife hobilot

. Assessment of the ftnonciol implicotions of wildlile hobitol protection,

enhoncement ond restorotion

This initiotive is on excellent exomple of how colloborotion between
government, non€overnment orgonizotions, ond communily groups con
leod lo positive chonges both on the ground ond in govemment policyl

Fergus Creek lnregroted Worcrshed Plonning
Jim Dumont*, McElhonney Consulling Services [td.
Remi Dube, City ol Surrey

The Fergus Creek Wotershed within the City of Surey is under pressure

for development ond requires environmenlol protection to ossure

o vioble fish ond wildlife presence in the future. The City of Surrey
hos prooaively undertoken the preporotion of on lntegroted Plon

to preserve exisling oreos while ollowing torgated development of
urbon ond recreolionol opporlunities in tha wotershed. The lniegroled
Plon bolonces the need to mointoin ond enhonce noturol oreos while
providing recreotionol ond urbon development opportunities.
Urbon plonning for lorgely rurol portions of the wotershed includes

occommodotion for high density housing while protocting hobitot,

wildlife corridors, ond crilicol lorested oreos. lorge conliguous gr6on

spoce oreos will provide opportunities to proride wildlife hobitol,
riporion streom setbocks ond interconnect pork oreos for recraotion.
To occommodole lhe requirement to mointoin streom heolth, odvoncas
in onolysis techniques hove leod to o lystem thot provides o quontitotive

onolysis of both the polenliol erosion ond the ovoilobility of oquolic
hobitot. A complex sel of roinwqter BMPs hove been optimized lor
implementotion wilhin the wotershed. The oplimized systems provided
o reduction in sheom erosion potenfiol while mointoining lhe slreom

durotion o[ flows for oquotic hobitot ond volumetric runoff ond reducing
the sediment woshoff hom lhe wotershed.

Supporting Fish-Friendly [qnd ond Wqter Resource
Decision Moking
KeitA Folkerts *, Kihop Counly
Hol Beechec WDFW
Erion Skohill, US Army Corps oI Engineers

Terro Hegy, WDFW

Throughoul the Puget Sound lond ond woter resource monogers
plon lor solmon recovery ond hobitot protection by oddressing future

urbonizotion ond groundwoter withdrowols. Often plonning ond

dorelopment result in direct impocts lo sensilive solmon streoms. The

limelog between decision moking ond the impocl to the resource con

be decodes; the impocts ore ohen incrementol ond oppeor insignilicont.
ln Kitsop County these lemporol ond spotiol lond use ond environmanlol
plonning issues ore being successfully bridged uiing "ollernotiva

futures" plonning procass which simulotes ond ossesses future wotershed

conditions under vorious lond use ond woter use scenorios.
This poper will presenl how policymokers use the 'olternotive futures"
plonning process lo ossess ond moke importont lond use ond populolion
growth decisions while protecting ond conserving solmon ond woter
resources.

Cumulotive lmpocl Assessments for Shoreline Monogcmonl
Cinde Donogfiue*, Thurslon County long Ronge Plonning
Anthony Gobriel, Cenkol Woshingto n Univercity, Depl of Geogrophy
ond lond Studies Cenbr for Spoliol lnformotion

Woshington's Cooslol Zone Monogement Progrom is implemenled

primorily lhrough locolly odopted plons ond regulolons opproved by
the stote. Tha cumulotive effects of shoreline development ond octivilies
must be oddressed in the updoled locol Shoreline Moster Progroms.

We hove developed o conceptuol model for systemotic quontitotive

ond quolitotive evoluotion of the cumulotive impocts resulting from

shoreline modilicotions ond uses os described in the WA Stote Shoreline
guidelines 173-26 WAC. We oddress fie SEPA,/NEPA requiremenis
to complete Environmentol lmpoct Stotements ond Environmentol

Assessments for SMP updotes. We develope o fromework for
interpretotion ond use of existing geospotiol informotion ond suggest
some preliminory cose exomples.

Driving Forces, Uncertointy, ond the Neorshoe: Scenorios
for the Puget Sound Neorshor€
A4iclrol Russo', Morino Alberli, Univercrly of Wosfiinglon

As wilh coostol ecosystems oround the globe, the Puget Sound

neorshore is axperiencing increosing degrodotion due to direct ond
indirect impocts o[ urbonizotion. While multiple strolegies hove been
proposed lo protecl ond mointoin the current neorshore ecologicol
functions, we do not know their effectiveness under olbrnolive {uture

conditions. ln tha post, plonners hove relied on predictive models ond
visions for creoling monogemenl slrotegies. However, lhe moior driving
forces cunenlly influencing this region moy chonge ond interoct in

unpredictobla monners to creote o suite of plousible futures. Our obility
to imogine these futures will delermine our copocity to plon occordingly.
ln this poper, we present scenorio plonning os o tool to delineote o set

of plonning slrotegies thot seek to protect the Puget Sound Neorshore
ecosystom bosed on the chonging needs ol the Region over the next

50 yeors. This poper highlights the first four steps o[ the entire scenorio
plonning process including: selecting o focol issue, identifying driving
forces, ronking importonce ond uncorlointy, ond selecting scenorio
logics. The resultt of thirty three expert interviews ond o one doy
workshop leod to initiol scenorio sketches ond o regionol Puget Sound
perspeclive obout where we might be heoded.

Session I D: Fresh Worer Gluolity
Chair: Zito Botelho

lslond County's Su#oce Woter Monitoring Progrom
Christoplrer Wrlson', lslond County
Poul Adomus, Pfr.D., Adomus Resource Assessment, Corvollk, OR

lslond County, Woshington, hos begun o S-yeor progrom o[ monitoring
woter quolity in streoms, lokes, ond wetlonds of Whidbey ond Comono
lslonds. Locol funds ore being used podly to meosure effac vaness of
lhe County's criticol oreos proteclion ordinonce ond to identily ond
reduce pollulion potentiolly exporled to Pugel Sound. During lhe first

yeor, non-tidol surfoce wolers in 45 of the County s 126 smoll rurol
wotersheds ore being monitored for nutrienls, temperoture, dissolved
oxygen, coliform bocterio, turbidity, conductivity, hordnoss, pH, ond
(wetlonds only) vegetotion composilion. Mony streoms llow only
seosonolly. lnitiolly, most wolersheds ore being sompled ot jusl one
locolion, generolly iust obove ihe morine interfoce. Monitoring in

24 wotersheds will be conducted twice monthly eoch yeor. Eight of
these wotersheds ore lorgely ogriculturol (mostly posture), eighl hove
signficont residentiol development, ond eight ore relotively noturol.
Other wotersheds will be sompled for shorter periods until neorly oll
of the County's wotenheds hove been ossessed ond moior sources

of pollution oro toced ond remedied. Wolersheds were prioritized

systemoticolly for monitoring bosed on scores for volued resources ond
pollution risk. Results will be reported regulorly beginning nexl yeor.
Response octions, including intensifted monitoring, will ba bosed on
meosured rends ond chronic exceedences of stondords.
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Exploring Seosonol Dynomics of Some Anribiofic
Resistonce Genes ond Antibiotics in on Agriculturol
Wotershed
Polricio Keen ", University of British Columbio
Chorles Knopp, Dovid Grohon, Universif ofKonsos
Ken Holl, Universily of Eritish Columbio

locoted in the heort of Georgio Bosin is the trons.boundory Sumos

wotershed. Recognized os one of the most produclive ogriculturol
regions in British Columbio ond Woshinglon Stote, the wotershed hos

sean on increose in intensificotion o[ ogriculturol octivities, especiolly
production o[ food onimols, over recenl decodes. lncreose in livestock

ond poultry production is coupled with increosed need for veterinory
use of ontibiotics. Concern thot ontibiolic use in ogriculture could
impoct ecosystem ond humon heolth through the development of
ontimicrobiol resistont stroins o[ pothogens led to lhis study conducted
in the Sumos wotershed between July 200/ ond Morch 2006- During
this period, {our tetrocycline resistonce genes ond fourteen ontibiotics

used in veterinory medicine were monitored monthly in the Sumos River

receiving environmenl. Microbiologicol methods of reol-time PCR were

used to meosure tekocycline resistonce genes ond high perlormonce

liquid chromotogrophy tondem moss speclrometry onolyses determined
ontibio c residues in somples from vorious ecosystem comportments.
This poper will discuss the results of the monitoring effort thot suggests

lhe observotions ore o function of ogriculturol point source contributions,
receiving woter quolity ond hydrogrophic conditions in the region.

Seosonol potterns of the observotions oppeor consislenl lrom yeor lo
yeor.

Stotus of Nitrogen, Phosphorus ond Potossium in
lower Froser Volley Agricuhurol Soils in Relotion to
Environmentol ond Agronomic Concerns
Orlondo Schmidt*, Sritish Columbio Minislry ol Agriculture ond londs
Gronl Kowolenlo, Agricullure ond AgriFood Conodo

Soils within the Froser Volley of British Columbio ore omong lhe most

fertile in Conodo supporting o diverse ronge of ogriculturol production.

As liveslock density hos increosed, census bosed nutrient bolonce
models hove pointed towords nutrient surpluses within the region

but there hos been o lock of scientilic doto to quonfily soil nuhient
concenlrolions, A study wos underloken in 2005 to deErmine soil

nitrogen, phosphorus ond polossium stolus in the Froser Volley for
estoblishing boselines ond monitoring the effectiveness ol governmenl

octivities, including the Conodo-British Columbio Environmenlol Form

Plon Progrom.

Soil testing ond onolysis methods were olreody ovoiloble lor ogronomic
purposes, but melhods for environmentol inlerpretotions were limiting.

Residuol {o{ter-horvest) soil nitrote hos been used for environmentol (ond

ogronomic) ossessment but nothing wos ovoiloble for environmentol
ossessment of soil phosphorus ond potossium. The sludy included
two types of sompling; l. those to develop onolyticol methods ond

interpretotions for phosphorus ond potossium (Phose A) ond to exomine

lhe influence o[ sompling time on residuol soil nitrote (Benchmork),

ond 2. those 1o use the developed methods to exomine the relotive

environmentol stotus o[ nutrients in soils of six geogrophic zones thot

hod previously been colculoted to hove controsting nulrient bolonces

[Phose B). All somplings were replicoted to distinguish ffeld diflerences
from rondom voriobility.

Session I E: Restorotion Following Dom ond Pier
Removol
Choir: Soroh Broce

Evoluoting Recovery Endpoints in o Rocky lnlerridol
Syslem
Terie Klioger *, Univenrly of Woshingion

Delerminotion o[ recolery following pulse dislurbonc€ lo morine

communities raquires thot recovery endpoints be defined. This con be
especiolly difficuh in morine syslems chorocterized by high spotiol ond
temporol voriobility. I performed experimentol remonols in o rocky
intertidol community to evoluote the performonce of ohernotive methods

of delermining recwery. I lested whether I ) disturbed plots would
resemble their storling conditions ofter o recovery period; 2) disturbed
plots would converge with undisturbed {control) plots ofter o recoyery
period; ond 3) lhe obundonce of locol loxo in disturbed plots would
Iluctuote in porollel with those in undisturbed plots ofter o recovery
period; ond 4) recovery ol focol toxo would indicote community
recovery. Resulls suggest thot I) recovery to predisturbonce conditions
is not o reosonoble recovery endpoint becouse the syslems ihemselves

ore dynomic; 2) both convergence ond porollelism belween disturbed
ond undisturbed plots is reosonoble endpoint ot smoll spotiol scoles, but
their pe#ormonce declines with increosing spotiol scole of comporison;
ond 3) recovery of focol toxo con occur in the obsence ol community

recov6r, suggesting thot toxon-specilic endpoints ore less robust thon

communityJevel endpoints.

Trocking Neorshore Hobitot Recovery After Removol of
Overwoter Dock Slruclures
Willion Taylor*, Jennifer Hoyworth, Ioylor Associofes, lnc.

Jomes S[onnon, Dovid Evons ond Associotes

ln Februory, 2006 the Port of Seoltle removed 1.3 ocres o[ on oged
dock in the Eost Wotarwoy of the Duwomish River. The Port of Saotde

wos interested in documenting lhe neorshore hobitot recovery o{ter
removing the existing dock structure. The Port of Seottle hired Toylor
Associotes, lnc. (TAl) to conduct on ossessment of the physicol ond
biologicol effects of the dock removol. The obiectives lo supporl this

ossessment included:

l. Collect physicol hobitot doto ot conhol ond impocl sites.

2. Collect biologicol doto ot conhol ond impoct sites.

The impoct siles included the newly removed dock oreo (Dock removol
2006), ond o second dock removed in 2O00 (Dock removol 2000). A
control site wos olso sompled. Doto collection methods were duplicoled
for eoch of the three site ond included four me]hods:

l. Subskote ond vegetotion (mocrophyte) moniloring tronsects

2. Woter temperoture ond light intensity doto loggers
3. Epibenthic invertebrotesompling

4. lnsect follout trops

Visuol observotions confirm the Dock removol 20OO site hos obundonl
mocrophytes ond the beginnings of o vegetoted bockshore. The Dock
remwol 2006 site hod no mocrophy'es or vegetobd bockshore.

lronicolly, initiol benthic invertebrote resuhs indicole greoter numbers of
horpocticoid copepods in the Dock removol 2006 site. The site with
more obundonl mocroolgoe did hove more corophium omphipods,
however.

Neorshore Fish of the Stroit of Juon de Fuco- lmplicotions
for Removol of Elwho Doms
Joslruo Chomberlin', Kurl Fresh, Aono Ko9h7 NOAA Fisheries,NWFS

CSeotleWA
Lorry Word, LEKT, Port Angeles, Wo
Nikki Sother, Oregon Stote University/Bottelle, PNNtSequim, WA
A4indy Rowse, NOAA Fisheries, NWfSC, Seotde, WA

Removol of two doms olong fie Elwho River, scheduled to begin in
2009, is expected to help reslore noturol sedimenl processes to the

esluory ond neorshore neor the mouth o[ the river- Undorstonding the
potentiol effecls o[ increosing s€dimenf in the neorshore is on essenliol
port of evoluoting biologicol responses lo dom removol. Since 2006,
we hove been collecting doto on neorshore fish communities ol sites

in the eostern ond cenlrol Shoit ofJuon de Fuco from Discovery Boy
to Crescent Boy. Sites were sompled on o monthly bosis, os weother
ond tides permitted, using o 32m Puget Sound beoch saine between



April ond Septembe,. Overoll 36 species were identified including four
species of Pocific solmon, steelheod kout ond cuthroot trout. We lound
wide distribution of severol solmon species, iuvenile ling cod, ond oll life
stoges of sur{ smelt. Pink solmon were the most obundont of the solmon

species. Wa olso {ound evidence thot multiple spownings o[ surf smelt

vrere occurring in the some oreos. lnformotion collected during this

study will provide o boseline to lrock the effects of dom removol on the

distribution ond obundonce of neorshore fish communities ond oid in
future dom removol ossessmenls.

Elwho R.iver Dom Removol: An Updote on CollqborotivE
Monitoring Eflorts
Saroh Mo rley ", NOAA/NMFS/NWFSC
Jeffrey Dudo, Western Fisheries Reseorch Center, USGS

Michoel McHenry, Lower Elwho Klollom Tribe
George Pess, Nortfiwest Fisheries Science Center. NOAA
Holly Coe, Fronl Ortfi ond Associoles
Iirnothy Eeechie, Northwesl Fisheries Science Center, NOAA
Bill Eoton, Peninsulo College
Mortin Liermonn, Norfiwesl Fisheries Science Cenfer, NOAA

The impending removol ol two lorge doms from the Elwho River on
Woshington Slote's Olympic Peninsulo of{ers o unique opportunity
to study ecosyslem restorolion ot o wotershed scole. Numerous
gwernment ond ocodemic ogencies hove portnered with the

Lower Elwho Klollom Tribe to collect criticol boseline doto prior to

dom removol. This muhidisciplinory moniloring effort is frocused on
understonding whol impocts the h,rro doms hove hod on the Elwho

River ecosystem ond on formuloling testoble hypoftssos regording river
response to dom removol. Above lhe doms, lhe obsence of onodromous

fish hos contributed b decreosed morin+derived nuhionl subsidie3 ond
chonges to periphfon ond benthic invertebrole ossembloges. Below
the doms, curtoiled wood ond sedimenl delivery hos led lo decreosed

chonnel mo,remenl, hobitol complexity, ond diversity of foodploin forest

oge. Cunent solmon populotions below lhe doms hove been greody

reduced from hisloricol levels ond ore lorgely hotchery dominoled.
Following dom removol, mony o[ ]hese impoc]s ore expected to persist

ond perhops even worsen in the neor term 03 sediment stored behind

the doms moves $rough the syslem. The extended fimeline predicted for
ecosyslem recovery highlights the need lor long"term monitoring in Ae
Elwho River Bosin.

Eelgross Mopping of thc Elwho Ncorshore
Jomes Norris *, Morine Resources Consulfonh
lon Froser,,/Morine Resources Consuhonts

Anne SAoffer, Woshington Depodlr,ent ol Fish ond Wildli[e
Colhy Leor, Clollom Counly

The gool o[ this proiect wos to gother predom removol neorshore

hobitot doto olong the "Elwho Shoreline" by mopping the locotion,

extent, depth, ond potchiness o[ eelgross (Zostero morino) from the

west end of Freshwoler Boy to the tip ol Ediz Hook. Our methods

were identicol to the underwoter videogrophic methods used by the

Woshington Stote Deportment o[ Noturol Resources Submerged
Vegetotion Monitoring Proiecl. We observed three eelgross beds
within the study oreo: one olong the norlh shore of Ediz Hook ond
two in Freshwoter Boy. No eelgross wos observed within I nm o[ the

Elwho River mouth. The dominont feoture of the neorshore hobitot

wos understory kelp ond lorge schools of iuvenile Pocific sond lonce

{Ammodytes hexopterus). The proiect, Iunded by the Clollom Morine
Resources Committee IMRC), is port of o multidisciplinory effort to
understond ond optimize the neorshore restorolion ossocioted with the

upcoming dom removols.

Session I F: lmpocts of Humon Populotion
Growlh On the Ecosystem
Choir: Cfiorlie O'Horo

When Conccrncd About Toxic Slormwster Pollutonts in the
Built Environment: Swcep Before You "Treot"
Roger Suthe/ond*, Poclic Wofer Resources, lnc.

Gory Minton, Resource Plonning Associotes

There is strong momenlum lowords the treolment o[ stormwoler with
wet ponds, swoles, sond filters, ond other structurol devices. While
treotment devlces hove their ploce, in new developments ond cerloin
rehofils, iurisdictions should fkst consider the estoblishmenl of o cos!
elfeclive povemenl cleoning progrom lo reduce toxic stormwoler
pollutont contribulions from existing urbon londs. Studies completed
by the senior outhor cleorly estoblish thot the most costeffective BMP

from o stormwoter sediment ond toxic pollutont reduclion stondpoint
ond therefore the ftrst BMP to consider is slreel sweeping. ln focl,
wilh lhe highly effective newer mochines, whether those ore vocuum,
regenerotive oir or mechonicol, lhe proctice should now be colled
"sheet cleoning". Where keolment devices currently exist, sheet
cleoning will improve their overoll performonce ond reduce their
mointenonce requiremenls ond ossocioted costs. lt is not q question

of whether povement cleoning will improve woter quolity, but of
how to most effectively use limited public dollors to obtoin the most

pollutont reduction benefit. The poper will provide on overview o[: lhe
origin of the urbon myth thot cleoning streefs is not on elfective BMP,

demonslrobd improvements in slormwoter quolity due to slreet cleoning,
other ongoing slreet sweeping pilot proiecls, how slreel sweeping
pollutonl removol unil costs compore lo slruclurol BMPs, ond how o cosl-
elfective cleoning progrqm con be developed-

Gluontificolion of Peok Seoson Morine Vessel Trofftc
Presgure in lhc Son Juon lslonds
Jel{rey Dismukes', Son Juon Counly
Jonothon Riley, Western Woshinghton University
Dovid Wolker

The morine woters surrounding the Son Juon lslonds oppeor lo
communicote high larels of vessel troffic, especiolly during the sunny

summer doys of peok vocotion seoson. This perceplion is corroboroted
by severol [octors: l. internotionol commerciol shipping lones serving
tvro moior North Americon porls; 2. Aloskon Morine Highwoy,

Woshington Stqte ond severol inlernoiionol feny routes; 3. o plentiful

spod ond commerciol fishery with 4 moior gome fish providing yeor
round opportunilies; 4. on extremely populor yochting ond pleosure
cruising environment leoturing severol noture porks occessible only by
woter; qnd, 5. Orco pods ond numerous seo-foul rookeries providing

very oppeoling onwoler tourist oltroctions. Howevet prior lo ihis study,

lhere hove been no published oflempts lo quontity vessel pressures in

lhe Son Juon lslonds. ln this pilol study we develop methods lor deriving
stolislics on vessel trolfic ulilizing spotters ond digitol phoiogrophy hom
lixed wing ovedlights during the peok tourist seoson (August-September

2006). Somples were skotilied by weekend/holidoy doys ond week
doys. Dolo wos collected for 4 week doys ond 9 weekend/holidoy
doys. Results indicole overoge lolol of 953 vessels on woter ot ony
given doylight time for weekend/holidoy doys ond 659 for week doys.
Vessels were olso identified by generol type os: power, soil, commerciol
fishing, corgo ond ferry. Rough locotion morkers were plotted in o GIS
yielding relotive concentrotion grodienls.

Urbonizotion, Privole Property Rights, ond The Fote of
Coho Solmon Hobitot in Puget Sound
Alex Uber*, Woshingtron Stote Deportment of Fish and Wldlife
Jenniler Trunkey, Antioch Universily, Seoftle WA

Puget Sound coho solmon (Oncorfiynchus krsutcfi), which ore dependent
on perenniol first, second, ond third order streoms for reproduction ond
survivol ore in decline, ond ore currenlly listed os o 6species of concern'
under the US Federol Endongered Specias Act. Urbonizotion of the
Puget Sound lowlonds (PSL) hos conhibuted greotly to the decline of
these fish. Development ond growth is occurring throughout the PSL ond
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the vost moiority o[ coho solmon hobitol exists on privotely owned londs.

Public oworeness of. ond support for the concepl of protection ond
reslorotion of solmon hobitot is generolly high in the Puget Sound

oreo. However, os governmenl ogencies increosingly rely on privole
londowners for the cons€rvotion of solmon hobitot, ond os protective
regulotions ore imposed on these londowners, on orgonized resistonce

movement hos been fostered thot demonds monetory compensotion
for development ond other privote property rights lost to governmenl
regulolion of privote londs. The colliding trends of increosing humon
populotion gror,vth, declining coho populotions, ond increosing
resistqnce to government regulotion of privotely owned londs in the
Puget Sound bosin must be reconciled i[ coho solmon decline is to be
reversed.

Effectively ond Efffciently Meeting Multiple tocol
Jurisdiaion Resource Protection Mondotes through
Londscope Choroclerizotion
Stephen Stonley*, Woshington Sfole Deporfmenf ol Ecology
Jell Chollont, Whotcom Counly Plonning Deporlment
Suson Grrgsby, Woshington Deporlment o[ Ecology
Dick Gersib, Wosfrington Deporlment ol Tronsporlorion
Horrief Beqle Puget Sound Action Ieom
Kristo Mendelmon, U.S. Environmenlol Proleclion A,gency
Douglos Petery Woshington Communily Trode ond Economic
Danelopment

Joonne Schueff-Homes, Wosfiingion Deportment oI Fish ond Wildlile
John Corleton, Woshington Deporlment of Fkh ond Wildlile

Whotcom County, in o portnership wilh Federol ond Stote resource

ogencies, is developing o wotershed-bosed monogemenl plon for
the Birch Boy wotershed. This innorotive effort oltempls to develop o
unified opprooch lor chorocterizing, onolyzing ond developing o locol
plon lhol sustoins nolurol resources ond oddresses storm woter while
occommodoting populotion groMh. The effort will: | ) offer stotewide
wotershed chorocterizotion tools ond onolysis methods thot ore tested

ond opplied ot o locol level by o locol governmenl; ond 2) demonstrote
how wotershed-bosed plonning improves locol plonning ond decision-
moking, reduces worklood ond cost, ond increoses predictobility while
meeting multipl6 mondotes ond improving the heolth of locol ond
regionol ecosystems.

The Birch Boy monogemenl plon uses on integroled set o[ wotershed
choroclerizolion tools thot ore opplied from londscope lo sitre scoles.

This includes ossessment ond onolysis of wotershed processes ond fish

ond wildlife needs ot the londscopa lo subbosin scoles, ond wetlond
functions ot the site scole. The resulting series o[ chorocterizotion ond
synthesis mops demonslrote the mosl oppropriole oreos for prolection,

restorotion ond development. This inlormolion is incorporoted inlo
development stondords ond regulotions lhot guide fulure development
more eflectively thon site bosed environmentol review ond permitting.

McKee Peok: Development Plonning in Considerotion of
Ecologicol Sensitivities
Coroline Astley*, Modrone Environmenfo/ Services Ild.
Dorren Brown, Citf oI Abbotsford

ln eorly 2005 the City of Abbotsford reloined Modrone Environmentol
Services Ltd. to complele Terrestriol Ecosystem Mopping (TEM) ond o
rore elemeni survey of the McKee Peok Plonning Areo in Abbotsford.
locoted ot the soulhwest end of Sumos Mountoin, McKee Peok

represents on excellent exomple of undisturbed deciduous ond mixed
forest. The oreo provides hobitot for ot leost 2l threotened ond
endongered plont, onimol, ond inverbbrote species, including Phonlom

orchid (Cepholonthero oustinioe), Pocific Woter Shraw (Sorex bendirii)
ond Oragon Forestsnoil (Allogono townsendionol.

There hos been o greol deol ol public concern in regords to the

development o[ McKea Peok, specificolly os development perioins to

environmentol impoct. However, the moiority of McKee Peok is privotely

owned. Reol estole morkels ore driving the volue of lond in lhe Froser

Volley to ostronomicol levals ond lhere is increosing pressure on the
londscope os lond owners sell, subdivide ond develop to moximize their
investmenls. Recognizing thot McKee Peok is o voluoble environmentol
ossel lhe City of Abbotsford took the initiotive to identify the most

sensitive oreos of the Peok. Knowing where the most importont hobitot is

locoted, will guide neighbourhood plonning ond ensure thot hobitot [or
rore species is considered.

Treotmeril of Bollost Woter: Good Possibiliries or o Pipe
Dreom
Russell Herwig *, Jeflery Cordell, Dovid Lowrence, University of
Wosfiington

Non-indigenous oguotic species ore lronsferred oround tha world in

the bollost woter of ships. The only "technology" presently ovoiloble
is midcceon bollost woler exchonge. Ships plonning to dischorge
bollost must oxchonge their bollost with woter collected ot leost 5O or
100 miles from shore. Our reseorch leom documented the presence

o[ lorge numbers of non-indigenous ond neorshore zooplonkton in

the bollost of ships thot reported o midoceon exchonge. ln recent
yeors, severol different lrsotments were exomined in experiments
performed in bench to full.scole shipboord tasts. The University of
Woshington hos porticipoted in tests ol ultroviolet light, SeoKleenA,,
ozone, electrolyticolly produced sodium hypochlorite, ond o sequentiol
filtrotion ond UV light system. Dilferent keotmenls hove different positive
ond negotive ottributes. Pending legislotion ond regulotions hove
estoblished stondords lhot permit very low numbers of orgonisms in

bollost woter dischorge. For exomple, proposed lnternotionol Morilime
Orgonizotion (lMOl regulotions permit l0 or less vioble orgonisms thol
ore belween l0 ond 50 pm in their minimum dimonsion in 100 mL of
bollost woter. For orgonisms ?50 pm, 10ore parmified in o cubic meter,

The limits proposed lor the different size {roctions of orgonisms ore very
chollenging for treotmenl technologies to ochieve ond the numbers

ore much less thon whot would be expected in bollost woler thot is
exchonged in the middle of the oceon.

Opening Plenory Session

Welcome ond lntroduction from the CeChoirc
Juslin longg Conference Co-Chqir, Environment Conodo

Firsl Notions Welcome
Chief leo6 GeorgeWilson, Isleil-Woufutfi Notion

Welcome from the CqHosls
Prodeep Khor6, Regionol Director Generol, Environment Conodo
Elin Miller, Regionol Administrolor, Environmentol Protection Agency
Region l0

Keynole Address: Dr. Doniel Pouly, University of British
Columbio Fisheries Centre
"The Mill euille Belween Science ond Decision rVloking: How Scientisfs

Need to rllore Effectively Engoge in Politics ond Society'

Ponel 2A: Puget Sound Portnership-lhe Pqth to o
Heolrhy Sound by 2O2O
CAoir: Kodry fletcher

Governor Gregoire chorged her Puget Sound Portnership with
recommending lhe necessory ingredienh of on eflort to restore Pugel

Sound to heolth by the yeor 2020, oddressing the oction ogendo,
funding, science, public involvement, ond how to structure the effort. The

Portnership mode ils recommendotions to the Governor in November
2006, in time for the Governor's recommendotions to the 2007 session

of the stote legisloture. Whot wos recommended, where does it stond,IA



whol remoins lo be done? Whot ore the key ingredients for o successfr;l

ef{ort to restore the heolth of Puget Sound ond the Georgio Bosin? Did

lhe Porlnership (ond lha legisloture) gel it right? Whot ore the most

urgenl oction iJems lo restore Puget Sound's heolth by 2020? This ponel

will olso oddress olher efforts ot lronsboundory ecosyslem monogement

in the Solish Seo-

Ponel Members:
. Brod A&, Executive Direclor, Puget Sound Action Teom ond co-

monoger ol Governor's Pugel Sound Portnersirip
. Josh Boldr, Speciol Assislont to the Director of the WA Deportment

of Ecology
. Jay Monning, Cecfioir Pugel Sound Pornership
. Rod Dobell, Emerilus Professor of Pvblic Policy, University of

Victorio Centre for Globol Studies ond former President, Nortlr
Americon lnstifule - Conodo

. Diono Gole, Focuhy, Doniel J. Evons Groduqte School of Public

A$oirs, Univercity of Woshington, ond consullonl on goyernonce lo
,he Govemort Puget Sound Portnership

Session 28: Solmonid Hobitor Use ond Recovery
Choir: Fred Goefz

Ihe Eorly Bird Mighr Ger the Worm, but the Eorly Sockeye
Gcts Wormed: Mechonisms ond Consequenccs oI Eorly
Freshwoter Enrry by Froser River Lore-Run Sockeye
Solmon.
Scolt Hinclr, Universily o{ Brilish Columbio
MicAoel Coopermo n*, University o{ British Columbio
Sleven Coo/<e, Corleton Universrty

Glenn Crossio Universrty of Brifish Columbio
lyon Olsson, University oI British Columbio
Kyle Honson, Corleton Universily
Anlhony Forrell, Unrversitf of Bririsfi Columbio

Dovid Potterson, Fisheries ond Oceons Conodo
Karl English, LGL Limited Environmenfol Reseorch

Dovid Welch, Kintomo ReseorcA Corp
Rick lAomsoo Fishenes ond Oceoas Conodo
Mork Shrimploo, Univercity of Northern Eritrlfi Columbio
Glen Von Der Krook, University ol Guelph
Krisri Miller, Fisfieries ond Oceons Conodo

The Froser River is the most productive solmon river in Conodo, ond

sockeye ore the most economicolly importont solmon in the wotershed.

Prior to 1996, populotions of the Froser's lote+un sockeye complex
r,.rere unique in thot upon onivol in the Stroit o[ Georgio lhey milled

within ihe estuory lor severol weeks prior lo entering the Froser ond
proceeding to spowning grounds. Since 1996, lorge proporlions
of lote+un sockeye hove entered lhe Froser wilhout holding in the

estuory, resulting in prespown mortolity rotes upwords of 95% for
eorly.entry fish- Couses for the molodoptive shih in freshwoler enlry
timing ore unknown. ln 2002, we inilioted o multi-yeor interdisciplinory
(ecology, physiology, oceonogrophy, genomicl reseorch progrom to

explore the couses ond consequences o[ eorly entry. We combine

lield collections, experimentol monipulotions, ond telemotry trocking to

lest how individuol physiologicol condition corresponds wilh timing of
river entry ond ultimote fote. lnitiol findings indicote eorly entry loterun
sockeye ore chorocterized by unusuol ionic, osmotic, ond energetic

slotes, ond thot odvonced sexuol moturotion oppeors incompotible with

survivol in morina woters. Our efforts should yield o predictive model of
sockeye migrotion bahovior ond survlvol, which should enoble resource

monogers to optimize monogemenl ond conservotion o[ these importont

runs.

Puget Sound Bull Trout Estuorinc ond Morine Hobitot Use

- Whot Hqve We leomed Afrcr Five Yeors of Study
Fred Goeh*, U.S. Army Corps oI Engineers

Eric Jeones, R2 Resource Consullonh
Ed Connor, Seonle City Lighl
Russ todley, Puyollup Tribe
CAuct Ebel. US Army Corps
Reginold ReisenbicAler, Sleve Rubin, lvlichoel Hoyes, US Geologicol
Survey

Bull trout (Solvelinus confuentus) ore known os on opex predotor in fie
rivers ond slreoms o[ the Pocilic Norfiwest. They ore olso one of three
federolly listed fish spacies thot ore {ound in the esluorine ond morine

woters of Puget Sound ond lhe Poci{ic Coost o[ Woshington. Until

2001 there hod been no monitoring or sludy of these lorge migrotory
ffsh in morine wolers of Puget Sound or British Columbio. ln 2002 we
begon o multi-yeor sludy of bull trout in oll rivers ond estuories of the

Puget Sound Distinct Populotion Segment where bull trouf ore known

to spown ond reor. Our work hos focused on estuorine ond morine

behovior ond hobilot use ol lorger iuvaniles ond odults. We use

ocoustic telemetry tronsmillers lhot emit o codgd signol ond receivers
thot detect ond record the signol, to lollow these mobile onimols. To

dole we hove togged over 250 fish with ocouslic togs ond hove

developed o receiver network thot covers much of the eostern Pugel

Sound shorelines ond asluories. We will describe esluorine ond morine
hobitot use o[ bull ]roul over the post 5 yeors of study.

Solmon Recovery lnitiotives by thc Squomish Notion
Beltino C. Sonder*, Golder Associotes [ld.
Rondoll W. lewis, Squomish Nolion
A4elisso Evonson, Golder Associotes ltd.

The Squomish Notion is deeply tied ond connected to the lond ond
wolers thot encomposs their koditionol territory ond fishing is vitolly
imporlonl to lhe Squomish culture. As such, the'Squomish Notion hos

o viiol interest in monogement of the fishery ond hos been instrumentol

in driving o number of initiotives in the wotershed. These ore reviewed
herein ond include: on onnuol solmon spowner enumerolion progrom; o
solmon recovery plon, ond o stock ossessment lromework. Throughout
these processes the Squomish Notion hos developed successful

portnerships with community orgonizotions ond government ogencies to
o$isl with the long-lerm gool of solmon recovery in the Squomish River

Wotershed.

Movcment ond Behqvior of Steelheod lOnchotynclus
mylirrl Smolts Through Hood Canol
iVlegon Pefrie*, NO,AAINMFS/NWFSC
Skrp lezok, NOAA Fisheries

Borry Bereiikion, NOAA Fisfieries

Unexploined declinas in Hood Conol ond Puget Sound $eelheod
populotions hove been delectsd in the losl l0 to 20 yeors, ond hwe
been shown to controst morkedly with the relotively stoble condition
of populotions olong the Woshinglon ond Oregon coosts. This

discreponcy between the heolth of Coostol os opposed to Puget Sound
steelheod populotions indicoles thot neorshore smolt migrotion moy
constilute o moior couse of mortolily. Acouslic telemetry wos used

to invesligote suryivol, migrolion timing, ond migrotory behovior ol
steelheod smolts lrom four Hood Conol sheoms ond one Stroit of Juon

de Fuco sheom. Estimoled survivol rotes for wild smolls from river
mouths lo the northern end of Hood Conol wos7l7"for Skokomish,

67% for Dewotto, ond 85% for Big Beef Creek, ond 76% for hotchery-
reored smolts releosed inlo the Hommo Hommo River. Residence

time ond migrofion potterns within Hood Conol were highly vorioble
within ond omong populotions. The extended durotion of residence

in Hood Conol exhibited by some fish suggests thot it moy provide
growth opportunities ond function os more thon simply o migrotion

corridor. Receivers positioned in neorshore hobitots did not detect o
disproporlionotely lorge number o[ migronts. Detoiled knowledge ol
steelheod survivol ond poterns of neorshore hobitot use not only oid in

determining couses ol populofion decline, but olso help define extinction
risk ond recwery octions for this potcntiolly ESAJisted species.
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Puget Sound Cutthroot Troul Morine Migrotion ond Hobitot
Use
Fred Goetz' , U.S- Army Corps of Engineers

Soroh Hogue, Evergreen Stote College
Scott Steltzner, Sguoxin lslond Iribe
Skip fezok, NOAA Fisheries

IAomos Quin4 l)niversily o{ Woshinglon
Eric Jeones, R2 Resource Consultonts

Kyle Brokensiek, Chris Ellings, Joe Jouquet, Soyre Hodgson

Coostol Cuhhroot lroul {Solmon clorki clo*i) ore on onodromous
solmonid found throughout the morine woters of Puget Sound. They ore
more widely distributed in streoms ond rivers thon ony olher solmonid
in Puget Sound. They ore olso highly sought ofier by recreotionol

fishers in rivers ond estuories. Even wilh lheir widespreod presence
these fish ore one of lhe leost studied solmonids in lhe woters of Puget

Sound. We hove begun o multiyeor study of the behovior ond hobitot

use of cutthroot trout in lhe Puget Sound. Wa use ocoustic telemetry,

lronsmitters thot emit o coded signol ond receivers thot delect ond
record lhe signol, to follow these mobile onimols. We ore studying oll
morine lil*stroges including smolts, sub-odult ond odult cufhroot. Our
study oreos include Shilshole Boy in Centrol Puget Sound, South Puget

Sound morine shoreline oreos, Big Beef Creek ond shoreline oreos

of Hood Conol, ond the Skogit River delto ond Skogit Boy. We will
present preliminory informotion on the [irs] I O yeors o{ our lelemetry
study. This work is o componion to o multiyeor study of Puget Sound

bull trout. We hope the work in this sludy olong with study of bull trout

will help inlorm plonners ond biologist o{ the full scope of solmonid
hobitot use o[ neorshore morine oreos.

Comporison of Juvenile Solmon Diets in rhe Stroit of
Georgio ond Puget Sound I997-2O06.
Ruslon Sweelrng Richord Beomisll Chrp Neville *, Frsheries ond
Oceons Conodo

Jwenile Pocific solmon (Oncorhynchus spp.) enter th6 oceon in
eorly spring/summer. ln the Stroit of Georgio ond Puget Sound, they
generolly spend seyerol weeks to months reoring before migroting to

other oreos. During this fime, growth ond predotion ovoidonce ore
the moior priorities, ond interspecific competition for {ood could be o
limiting Ioctor in successlul migrotion ond/or orerwinler survivol. This

report will present the results o[ l0 yeors of summer (July) ond loll
(September) surveys in Puget Sound qnd lhe Stroit of Georgio, during
which stomoch doto wos collected lor severol thousond iuvenile coho
(O. kisutch), Chinook (O. tshowyhcho), ond chum lO. keto,f solmon. ln

oddition to exomining similorities ond differences in diatory preferences,

lhe influence of size, seoson, ond environment will be discussed.

Ponel 2D: Climqte Chongc: The IPCC Fourth
Agsessmenl Report ond lmplicotions for the
Solish Seo
Choir: Jomes Tonsey

The lnlergovernmentol Ponel on Climote Chonge hos undertoken
its Fourth Assessment Report. This ponel will provide on overview of
the IPCC tourth Assessmenl Reporl ond will moke observolions on

the possible implicotions for the Solish Seo. The ponel will oddress
mitigotion efforts, but will olso oddress odoptotion through londscope

ond ecosystem bosed monogement, oltered policy ond regulotion.

Ponel Members:
. Hodi Dowlotobodr, CRC Cfroir, Institute for Resources, Environment

ond Sustoinobiliry, University ol British Columbio
. Alison Show, Reseorcfi Associote, Forestry, ot University of Brfish

Columbio
. Sorolr 8urch, PhD Condidote,lnslilure lor Resourcet Environment

ond Sustoinobilify, ot University of Brifish Columbio
. Mo* Johonnes. University ol Yiclorio ond Golder Associotes ttd.

. Nole Montuo, University of Woshinglon - Climofe Impocls Group

How Con We Adopt? Lessons From Pocific Solmon on the
lmpocts of Climote Chonge.
A4ork Jolronnes, Golder Associotres, University of Yictorio

I presenl some of the importont issues ond lessons from Pocific

Solmon to be leorned on impcct ond odoptotion responses to
climole chonge in the Pugel Sound ond Georgio Bosin. To improve
predictions o[ climole chonge "impocts" on luture resource use,

monogoment ond conservotion octivities will require more effort ond
greoter refinement of climote scenorios. As on immediote response, o
second 'odoptotion" opprooch con be used lo reduce risk ond help

copitolize on conservolion ond biodiversity initiotives by ossuming ond
preporing for odverse elfects of climote chonge; this opprooch definas
vulnerobility to climote chonge ond develops onticipotory odoptotion
in monogemenl ond conseryotion of importont plonls, onimols ond

ecosysloms in Conodo. Adoplotion to climote voriobility ond chonge

con be used to odiusl perspeclives, proclices, processes, monogement

ond stotulory ond legol systems bosed on proiected chonges in climote.
Eorly odoptotion to climote chonge con ossist in odiusting humon ond
community expectotions to sustoinoble resource use ond development,

ond protection of hobilots, ecosystems ond sensilive species in the

context o[ communities within the Puget Sound ond Georgio Bosin.

Seosonol, lnleronnuol ond lntcrdecodol Scoles of
Voriobility in Puget Sound Oceonogrophy qnd Climote
Stephonie K. lMoore, Nothon J. Monluo, Jonalhon P. Kellogg, Mitsuhiro
Kowose, Jon A. NeMon, Universily ol Woshrngton

The influence of climote on Puget Sound oceonogrophic properties is

invesligoted on seosonollo inleronnuol fimescoles using continuous
profile doto from the Woshington Stole Deportment o[ Ecology's Morine
Woters Monitoring Progrom for the fime period 1993 to 2002. Principle

component onolysis idenlified indices representin g 42, 58 ond 56%
o[ lhe totol voriobility ot depth-stolion combinotions for lemperoture,
solinity ond density voriobility, respectively, ond 22ol" for woler column
strotificotion. Long term records of seo surfoce lemperolure ond solinity
from Roce Rocks were used lo extend the time series o[ the leoding
principol components to 

,l950 
ond ollow for on exominotion of

relotionships with climole on interonnuol to interdecodol timescoles. ln
generol, regionol climote forcings strongly influence oceonogrophic
properties with significont relotionships betvveen oir ond woter
lemperoture, ond belween streomflow, solinity ond density. torge scole
potterns of climote voriobility such os El NiOo/Southern Oscillotion ond
Pocific Decodol Oscillolion, olso significontly influence oceonogrophic
properlies but relotionships ore less pronounced thon those with

regionol foclors, ond exist only during winler ond foll. By providing

insights into the spocetime potlerns of physicol oceonogrophic
chonges in Puget Sound this study contributes towords on enhonced
under*onding o[ linkoges betnveen climote, oceonogrophy ond the
lrequency, durotion ond mognitude of hormful olgol blooms.

Session 2E: Seofood Sofety ond Humon Heolth I
Choir: Joe Goydos

Humqn Heolth Evoluotion of Puget Sound Fish
Joon Hordy*, Gorf Polcisko, Woshington Stole Deportmenl of Heolth

Woshington Deportmant o[ Heolth conducted o humon heolth

evoluotion o[ contominonts in Puget Sound fish. Over 100 contominonts
were meosurad in muscle tissue (without skin) from English sole, four
rockfish species, ond two solmon species. DOH concluded thot two
coniominonts w6re of potentiol public heolth concern: polychlorinoEd
biphenyls (PCBs) ond mercury.

Bosed on contominonl concenlrolions in fish ond on estimoles of
consumption by recreotionol onglers, tribol members, ond consumers

of ftsh lrom the Asion Pocilic lslonder community, DOH determined thot



{requent consumers of cerloin Puget Sound ftsh moy be exposed to
contominonfs obore o level of concern. DOH considered risks, benefitt
ond dolo uncertoiniies when providing meol odvice for onglers ond
othar consumers.

No meol restrictions were necessory for English sole (flotfishl from non-

or neqr-urbon oreos of Puget Sound. DOH recommended one rockfish

meol per week unless otherwise noted for urbon oreos. Puget Sound

Chinook hod higher levels o[ PCBs ond mercury lhon coho, resul]ing in

o recommendotion of one meol per week. Additionolly, those eoting
Chinook solmon from the Puget Sound winter [ishery (blockmouth) were
odvised to limil consumption to two meols per month- Puget Sound coho
solmon were relolively low in conlominonh. A list o[ low contominonl
fkh, including lhose from lhe morket, wos creoled lo ossisl consumers in

moking heolthy selections.

A Survey of Codmium in Pqcific Oysters: Spotiol
Distribulion, lnf uencing Foctors ond Woys to Minimize
Con€cnlrotions
Aimee Christy *, Pocilic Shel,fisfi ,nstiruie

lon Slupo&off, lnlegrol Consulling lnc.

Rosolee Rosmusseo Oregon Sloie Unirrenrty Seofood lob
Codmium (Cd) is o toxic troce melol known lo biooccumulota in

molluscon shelllish, porticulorly Pocific oysters (Crossostreo gigos.)
Over the post lew yeors, severol shipmenls of Pocific oyslers from
Puget Sound ond Conodq hove been reiected by Hong Kong for
exceeding the 2 pg/g import stondord. This study evoluotes the spotiol

distribution of Cd concentrotions in Pocific oyster lissue horvasted from

3l commerciol, recreotionol ond tribol shellfish growing oreos locoted
throughoul Pugel Sound ond Woshinglon Slote coostol estuories.

Findings indicole lhot o weok spotiol lrend exish with oyster Cd levels

increosing in o northword ond seoword direction with the exception
of consistently elevoted levels olong tha length of Hood Conol. Cd
concentrotions from 92 oyster composiles ronged from 0.44 to 2.5
pg/g with o stolewide overoge of 1.24 tO.57 ltg/g. Sevanteen

percent of composiles exceedad Hong Kong's 2 pg/g import stondord.
Foctors infuencing the spotiol diskibution of Cd in oysters (woter quolity,
sediment chemisky, seosonolity) will be discussed os well os woys to
minimize lissue concenlrolions (site salection, time o[ horvest, grow-out

me$od, processing technique), hoving procticol implicotions for growers

ond horvesters throughout Georgio Bosin ond Puget Sound.

Asscssmcnt of Troce Metols in Tissues of Geoduck Cloms
from Eqslern Pugel Sound
Iom Ostrom, Suquomisfi lribe
Poul Willioms, Suguomish Iribe
Gory Polcisko *, Woshington Slote Deporlment of Heolth

The Suquomish Tribe ond the Woshington Stole Deportment of Heolth
recently portnered io ossess the concenholions of hoce metols (As,

Cd, Cr, Pb, ond Hg) in the tissues of geoduck cloms horvasted lrom
the Richmond Beoch roct, locoted belween Edmonds ond Seoltle,
Woshinglon in eoslern Puget Sound. The purpose of fiis ossassmenl

wos to evoluote the humon heolth risks ossocioted with consumption of
gooducks from this oreo of Pugel Sound. Evoluoting the humon heolth

risks ossocioted with contominonts in fkh ond shellfish fissue requires
thot somples be processed in o monner consistent with how $ay would
be prepored by consumers. Considering the preporotion proctices

o[ end consumers, geoduck tissues from 60 geoducks colleaed from

the Richmond Beoch troct were s€gregoted into lhree porls: gul boll
(viscero), neck/strop (siphon ond montle), ond the outer skin of the
siphon. Gut boll ond neck/strop tissues from eoch geoduck were
seporolely onolyzed for totol As, Cd, Cr, Pb, ond Hg. A subsat of
tissues from the outer skin o[ siphons wos olso onolyzed. ln generol,

troce metol concenholions were highest in the outer skin, ond lowest

in the neck/strop. The results from this study hove helped io exploin
inconsislent results omong post sfudies ond suggest some importont

considerotions in future studies of geoduck tissues, porticulorly when the
obiective is ihe ossessment o[ humon heolth risks.

Results ond Diccussion of the Swinomish Heohh Risk

Assessment of Contominoted Seqfrood
Jomie Donotutro *, Swinomisfi lndion fribol Community
Borboro Horper, AESE lnc., qnd Confederoted Tribes of the Umotillo
lndion Reseryolion

This presentotion will summorize the Swinomish lndion Tribol

Communily's Biooccumulolive Toxics in Notive Americon Shellfish

Proiect. The proiect, inilioted in 2002, hypothesizad lhot Swinomish
people ore exposed to lo,r, level, biooccumulotive loxics when gothering
ond consuming locol shellfish, Results will be presented lrom the humon
heolth risk ossessment of two species ol cloms, ossocioted sediment, ond
Dungeness crob, which were iested {or haovy metols, orgonotins, PCBs

lboth oroclors ond the WHO list congeners), chlorinoled pesticides,

polyoromotic hydrocorbons, ond dioxins,/Jurons. The presentotion will
olso discuss shortcomings of the current risk ossessment methodology,
doto gops ond uncertointies, ond provide more culturolly oppropriote
ohernotives to remgdy some o[ these foults. Olher lopics to be touched

upon include: lhe use of trodiiionol horvesting techniques in sompling
procedures, ond culturolly compelent mitigotion options, oulreoch
ond educotion ef{orls. The proiect wos lunded by U.S. EPA gront #R-

829467.

Science, Policy ond Proclice: Woshington's PBT Chemicol
Action Plons
Robert Duff*, Deporlment oi Heohh
firchoel Gollogfrer, Deportment of Ecology
Morio Peeler, Deportment of Ecology
Joonne Pmdo, Deportment oI Heoldr

There ore curren y obout 80,OOO regislered chemicols in the US, ond
'l,5OO new chemicols ore registered eoch yeor. A smoll closs of these

chemicols, colled "persislenl biooccumulotive toxics (PBTs), present o
porticulor problem becouse:
. PBTs remoin in the environmenl for o long lime (Persistenl).
. People ond onimols occumulote PBTs in their bodies
(Biooccumulotive).
. PBTs threoten humon heolth ond the environmenl. New informolion
poinls to risk to children's heoltly dwelopment, since some PBTs horm
the centrol norvous syst6m, os well os couse reproductive ond olher
problems (Toxic).
. PBTs reodily migrole between our oir, lond ond woter

Public concern is increosing regording exposures by children to
PBTs. Children ore more susceplible to PBT exposures since lhey ore
still undergoing groMh ond development o[ their bodies ond broins.
Children ore closer to the ground ond hove greoter "hond-t+moulh"
behoviors. Mony PBTs ore present in breost milk, which results in

odditionol looding of chemicols during infoncy.

Speciol efforts to bring logether 6e be$ science, tho mosl meoningful
policy ond efledive public heolth educotion proclica ore required to
oddress fie serious problems fiot PBTs pose. ln 2000, the Woshington
Stote Deporlment of Ecology (Ecology) drohed the notion's first PBT

reduclion slrolegy. Since thot time, Ecology hos portnered with lhe
Woshington Stote Deportment of Heolth IDOH) to creote ond implement

chemicol oction plons {or Mercury (2003)ond PBDEs 12006) ood to
develop rules for PBTs in Woshington. ln oddilion, Ecology hos odopted
the notion's lirsi PBT regulotion.

Next steps coll lor Ecology ond DOH to dwelop chemicol ocfion
plons for leod in 2O07, polyoromotic hydrocorbons in 2008 ond
pe*luorooctone sullonotes in 2009. However, o much greoter

chollenge is thot current US chemicol policy hos resulled in:
. o lock of doto on chemicols in commerce;
. high burdens for ogency oction;
. o focus on rgview o{ new chemicols withoul odequote otlention to
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exisling chemicols; ond
. chemicol by chemicol opprooch to chemicols monogement thot is

slow ond cumbersome.

There hos olso been relotively little ottention poid to chemicols in

producls. Due to these limiiotions, mony efforh 1o reduce ond subsiitute

chemicols ore lorgely volunlory ond dependonl on the willingness of
industry ond commerce to porticipote.

Cryptosporidium ond Giordio Species in Morine Wildlife:
Do they Present o Risk to Humon Heolth?
Joseph Goydos*, SeoDoc Society, UC Dovis Wildiifu Heolth Center
Wovtrino Miller, UC Dovis Wildlife Heolth Center
Kirclen Gilqrdi. SeoDoc Society, UC Dovis Wildlile Heobh Center
Chrisfine Kreuder"Johnson, UC Dovis Wildlile Heolth Center
Potricio Conrod, UC Dovis Wildlile Heolth Center
Ann Melli. UC Dovis School of Veterinory Medicine
Heolher Zornetzer. UC Dovis Scfiool ol Veterinary Medicine
Sfwen Je#ries, Woshingaon Deportment ol fish ond wildlile
Monigue tonce Woshinglon Deportmen, o[ FisA ond Wildlle
Cryptosporidium ond Giordio species ore protozool pothogens ihot
infect humons, domestic onimols ond wildlife. Historicolly they hove
been thought of os lerrestriol ond freshwoter pothogens but lheir
infec ve stogas con survive in morine woters for up to o yeor ond
be concentroted by filter feeding biyolves. tittle is known obout the

epidemiology of these pothogens in morine ecosystems, especiol[y

the role thot morine wildlife could ploy in their tronsmission. We tested

horbor seols, morine-foroging river otlers, ond hybrid gloucous-winged

/ western gulls, three common morine wildlife species in lhe Georgio
Bosin / Puget Sound, for infeclion with Cryptosporidium ond Giordio
species. Giordio cysts were detected in 4% o( grll somples In-28),
l9% of riyer olter somples (n'57), ond 43% of seol somples (n-99).
Fourleen positive seol somples were omplified by PCR ond confirmed
os G. lomblio. Three were from one site ond wera identilied os fie G.
lomblio dog genotype, suggesting lronsmission lo seols from coyotes or
domestic dogs. Sequences lrom the other eleven somples represenled o
nwel G. lomblio genotype. Cryptosporidium sp. oocysts were detecled
in 77" of river olters sompled but not detected in gulls or seols. The one
omplilied otter somple wos most similor to the ferret genotype of C.

porvum. Morine wildlifu shed Cryptosporidium ond Giordio species

in the Puget Sound region but preliminory doto foiled to identify the
genotypss most commonly infecting humons. More work is needed to
better understond lhe zoonotic potentiol of the wildlife isolotas identified

ond the potenfol thot sewoge outflows could be contominoting morine

woters with Cryptosporidium ond Giordio o[ humon origin.

Ponel 2F: Greening West Goosl Morine Ports
Choir: Dore/l Desiordins

Choired by Voncouver Port Authority's Environmenlol Director, Dorrell
Desjordins, ponelists representing British Columbio, Woshington
Stote ond Colifornio {LA/Long Beoch) Port Authorities will discuss the

opportunities ond chollenges of greening morine porl octivities.

Session 3A: Oceon Observqtions
Choir: Erion Gron$om

The lmpocls of lhe Froser Plumc on the Opticol
Chorocteristics of the Stroit of Georgio Woters, Brilish
Columbio, Conodo
Eduordo loos, A4oyciro Cosfo, lJniversity of Victorio Dept Geogrophy

l-ight, olong with nukients ond winds, in the woters of the Centrol Stroit

of Georgio offecis primory produdivity direcdy. The ovoilobility of light
is however dependenl on lhe mony dissolved ond porticulote moteriols
in $e woler, such os pholosynthetic pigments, inorgonic suspended
moller, ond chromophoric dissolved orgonic molter (CDOM). Upwelling

rodionce, downwelling irrodionce, obsorption, ottcnuolion, CDOM ond
chlorophyll o Iluorometric doto, ond suspended lood were collecEd in

the woters o[ Cenlrol Stroit of Georgio in April ond July 2006 olong
wilh oceonogrophic doio for the purpose of identifying lhe influence of
CDOM ond suspended solids on fie horizontol ond verticol distribution
of phytoplonkton. The results show o significont spotiol ond verticol
voriobility o[ ths woter on lhe Stroit. Accordingly, the wolers con be
divided in three moin opticol closses: woters highly ottenuoted, with o
shong scoltering coelficient {closer to the Froser); woter with medium
otlenuotion coeffrcienh; ond woter with relotive higher obsorption due
to phytoplonkton (forther from the Froser), These results indicote thot the

influence of the Froser River on the lighl tields of fie Stroit o[ Georgio
woters con be trocked by the opticol voriobles in qddition to regulor
oceonogrophic vorioble, such os l6mperoture ond solinity.

Nulrienl levels in Puget Sound: Decodol Chonges ond
Controlling Foctors in Regionol Bosins ond the Stroit ol
Juon De Fuco.
Julio 8os *, Skip Alberrson Corol Moloy, Adrienne Slutres, Mindy
Roberts, Greg Pellelier, Woshington Stote Deportment of Ecology

One ol the greotest concerns lor the Puget Sound ecosystem is nulrient
inputs ond subsequent negolive impocls on woter quolity. Humon
ond noturol foctors oll contribute to nulrient looding. ln some regions,
loodings of nitrogen ore signiftcont enough for it to be considered o
pollutont. Hisforicolly, scientists thoughf thol nuhienl concentrotions
would not increose enough to be o concern in lhe Pugel Sound syslem.

To ossess this ideo of unlimited copociry seosonol ond inter<nnuol
nutrient concentrolions lor lhe posl lhree decodes ore compored to
historicol volues in the Moin, South Sound, Whidbey ond Hood Conol
bosins ond the Shoit of Juon de Fuco. Doto to supportthis onolysis is

from the Deportment of Ecology's ombient monitoring progrom where
nutrient dolo is collected monthly from 4O core ond rotolionol stotions.

ln oddition, dotosets from intensiye or seosonol surveys throughoul Puget

Sound ore usad. The use of nutrienl levels os o meosure in morine woler
quolity ond eutrophicotion indices will olso be discussed.

Estuorine Versus Tronsient Flow Regimes in Juon de Fuco

Stroit
Richord Ihomso4 Steven A,tiholy*, lnslilule of Oceon Sciences

Evgueni Kulikov, P P ShirsAov lnstitufe of Oceonology

Residuol currents in Juon de Fuco Stroit ore observed to switch between
two lundomenlol stotes: estuorine ond tronsient. The esluorine regime

- which prevoils -90% of the time in summer ond -55% o[ the time in

winter - hos o fortnightly.moduloted, threeJoyer structure chorocterized
by strong (-50 cms"l ) outflow obova 60+15 m depth, moderote (25
cmsl) coreJike inflow between 60.125 m depth, ond weok (- l0
cmsl ) inflow below 125+10 m depth. Rototionol eflecfs increose the

upper loyer depth by 40 m on the northern side of the chonnel ond
upwelling{ovouroble coostol winds ougment inflow in fie bottom loyer
by os much os 5 cmsl. Fortnightly modulotion of the estuorine flow by
tidol mixing in the eostern stroit leods lo crossrhonnel "wondering" of
the residuol current such thol surloce oufiow leods intermediote inrlow
by 1 80' ot the fortnightly period. Tronsient flows - which occur - \O7"

of the lime in summer ond - 45% ol the time in winter - ore ropidly
evolving, horizontolly ond verticolly sheored "reversols" in the estuorine
circulotion forced by poleword wind events olong the outer coost.
Moior events con persist Ior severol weeks, leod to curranl reversols

of 25 to 5O cms- 1, ond generole o net volume flux into th6 stroit. A
striking feolure of mo jor events is the formotion of on O( lO) km wide,
surfocejntensified, O(1001 cms.l inflow current olong $e southern

boundory. This "Olympic Peninsulo Countercurrenl" is occomponied by
on obrupt decreose in solinity indicoting thot it is o buopncydriven flow
originoting on the outer Woshington shelf.

Remole Sensing of Chlorophyll-o in the Slroit oI Georgio
NicAolos Komick *, Moyciro Costo, University o[ Victorio



The Sroit of Georgio is on importont morine resource ond is subiect to
signiftcont onthropogenic forces. Sotellile imogery con be o voluoble
tool for monitoring the Slroil ond its ossociofed biophysicol processes.

As on importont slep towords this gool, on olgorithm must be developed
lo estimote dominont oplicol constituents from oceon colour imogery
in lhe Stroit. This developed olgorilhm incorporotes known opticol
properties of vorious conslituenh to 6stimote the influence of eoch on

meosured woter colour. To evoluote the effectiveness of the developed

olgorithm, in situ rodiometric ond biophysicol meosuremenh collec,ted

during lhree reseorch cruises corried out in winl6r, spring, ond summer

of 2006 were used. During tho cruise, chlorophyllo concenlrolions

ronged from 1.9 to 25.0 ug l^- l ond totol suspended solids ronged hom
l.l to22.0mgl^-1. This dolo setollowsthe chlorophyllo olgorithm
to be evoluoted ogoinst the ronge of conditions {ound in the Slroit,

including vorying in{luence from lerreslriol enyironments.

VENUS: A Cobled Oceon Observotory in Soonich lnlet ond
The Srroit of Georgio
Richord Dewey', Yereno Tvnniclifle, lJniversity ol Yictorio

The Victorio Experimenlol Network Under he Seo (VENUSI is o
cobled oceon observotory, with onoys in both Soonich lnlet ond the

Shoil of Georgio. The lirst leg wos deployed in Februory 2006 with
on observotory node ot '100m 

depth in Soonich lnlet. The second,

deeper (300 ond l75m) onoy will be deployed in the Skoit of
Georgio during the summer o[ 2002 The cobled observotory ollows

for unprecedented power ond bondwidth to ond from instruments

connecled 1o the observolory "nodes'. Doto is retrieved ond ovoiloble
over the web in neor reol-fime. Preliminory instruments include stondord
oceonogrophic devices such os CTDs ond ADCPs, os well os inverted

echosounders, broodbond hydrophones, ond user controlloble pon

ond tilt dighol comeros. Advonced systems under development include
verticol profilers ond o dedicoted delto dynomics loborotory. The doto
orchive ond instrument occess ore provided through the VENUS web
site (http://www.venus.uvic.co/), where golleries con be seorched ond
dolo products reque$ed. An overview o[ the observolory infrosfruclure,

some preliminory scientific results, ond how new users con occess the
focility will be presented.

Spotiol ond Temporol Chlorophyll Disrribution in the Stroits
of Georgio ond Juon de Fuco
Dione Mqsson *, Angelico Peno, lnslituie of Oceon Scieaces

We investigote the spotiol ond temporol distribution of plonktonic

biomoss olong with some loclors infuencing its disribution witfiin the

Stroits of Georgio ond Juon de Fuco. These two stroits ore the moin

constituents of o lorge coostol estuory system on lhe southern coost

of British Columbio. A lorge omount of freshwoter enters the coostol

bosin, wiih the moin source being the Froser River, ond drivss o two-woy

estuorine circulotion. Complex biologicol dynomics (responses to light,
nulrisnts, grozing, erc) dictote complex biomoss dishibution. However,
o unique doto sel from o relotively long durotion (over 5 yeors) ond
systemolic (eyery seoson, ot lhe some 70 slolionsl sompling progrom

ollows us to occurotely describe the chlorophyll distribution in both
time ond spoce within the coostol bosin. Over the study oreo, the moin

feotures o[ the spotiol distribution of chlorophyll ore shown lo be closely
reloted to voriolions in upper woler column strotificotion. ln oddilion, it is

shown thot, during lhe summer, plonkton growth is nutrisnt limitsd within

the centrol Stroit of Georgio. Finolly, the possible role of Iight limitolion

of the plonkton production within Juon de Fuco Stroit is discussed.

Ponel 38: lnternotionol Joint Commirion:
Speciol Consultotion Secsion on the 20O6
Progress Reporl undcr lhe Conodo-Unitod Stotes
Air Gluolity AgrGcmGnl
CeChoirs: Commrisioner Jock Blone)r (Conqdo) ond
Commission lrene Erook (U-S.J

The lnternolionol Joint Commission is required lo gother public
comments on bienniol progress reporls under the Conodo-United Stotes

Air Guolity Agreemenl, which wos pul in ploce by the two countries

in l99l os on instrumenl to oddress shored concerns regording

tronsboundory oir pollution.

The 2006 Progress Report wos releosed in Norrember ond is the eighth
prepored by the Air Quolity Commitlee. lt highlights octions underloken

by Conodo ond the United Stotes over the post two yeors to oddress
tronsboundory oir pollution within the context of lhe Agreement

- nomely, ocid roin ond groundJevel ozone.

Comments gothered by the Commission will ossist the Air Quolity
Commitee in implementing the Agreement ond preporing the next
report in 2008. fu port of this brood consultotion process, o speciol
consultotion session for Georgio Bosin Puget Sound Reseorch

Conference delegotes is being convened. Conference dalegoies
ore invited to oltend this session in order to provide feedbock to the

Commission on the 2006 Progress Reporl. Delegotos ottonding this

session ore osked to reod tha Progress Report prior lo ollending the

session. Copies o[ lhe Progress Report ore ovoiloble ol the conference

registrotion desk.

9ession 3C: Modeling qnd Deci3ion Support fools
II
Choi: Corol Moloy

Development of o High Rcsolulion 3-D Unshuclured Grid
Circulotion Model of rhe Whidbey Bosin in Puget Sound
Zhaoqing Yong *, Bottelle Pocilic Norrhwest N otionol Lohorotory
Iorong Khongoonkor, Pocific Nort[west Notionol loborofory
Greg Hood, Skogil River Syslem Cooperolive
Kurt Fresh, NOAA
Eric Beomer, Skogit River System Cooperotive
Coreigfi Greene, NOAA
Eric Grossmon, USGS

The Whidbey Bosin is Puget Sound's lorgest supplier of freshwoter

ond sediments ond hos been identified os o key region of ecologicol
importonce, especiolly for solmon. ll consists of three moior estuories

lSkogit River, Stilloguomish River ond Snohomish River) thot ore
chorocterized by lorge intertidol zones ond multiple tidol chonnels
which provide importont hobitot for the production of Chinook
populotions within the bosin.

The lidol mixing, inundotion, ond tidol circulotion processes in eoch
estuory, ond the in-teroction omong these three estuories ploy importont
role on neorshore hobitot rssloro-tion ond ftsh migrotory pothwoys.

This poper describes the developmenl of o lhreedimensionol (3-D)

hydrodynomic model for the Whidbey Bosin. A componion poper ti{led
Applicotion o[ o 3-D Hydrodynomic Model of Whidbey Bosin lo Assess

Cumulotive Effects of Restorolion Proiects in the Snohomish River Estuory

provides on exomple of fie utility o[ the tool developed.

The Whidbey Bosin hydrodynomic model wos devalopad using the

unslructured, finite volume, 3D cooslol oceon model (FVCOM). A tine
grid resolution, os smoll os 10 m, wos specified in the in the neorshore

oreos. The modelwos driven by tides, solinity ond temperoture olong
the open boundories, ond wind ond solor heoting ot lhe surfoce.
The model wos successfully colibroted ogoinst observed doto for o
neopspring tidol cycle collected during foll of 2006. Model results

demonstroted thot the Whidbey Bosin model hos the copobility of
simuloting fie physicol procssses ol the required resolution ond

occurocy to help ossess the feosibility ol neorsho16 r€storotion proiects

ond provide uselul informotion for morine fishery hobitot reseorch.
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Applicolion of q 3-D Hydrodynomic Model of Whidbey
Bosin lo Assess Cumulotive Effects of Restorotion Proieas
in the Snohomish River Estuory
Iorong (Aongoonkor*, Boltelle Pociiic Nodfiwesl Nolionol Loborotory
Zhooqing Yang, Bolre,le Morine Sciences loSorotory
Moria Colvi, Iulo/ip Iribes
Kud Nelson, Tulolip Tribes
Voughn Collins, Snohomish County

The Whidbey Bosin is Puget Sound's lorgest supplier of freshwoter
ond sediments ond hos been identifted os o key region of ecologicol
importonce, especiolly for solmon. With o high percentoge of shollow,
lowgrodienl, shorelines which ore importont for iu-venile solmonid
reoring, Whidbey Bosin provides criticol hobitots lo severql Chinook
populotions within lhis oreo ond supports populotions lrom olher ports

of Puget Sound. However, over lhe lost century, consideroble neor
shore tidol morshlond hobitot within the Bosin hos been lost due to dike

conslruction.

Efforts ore underwoy to reslore the degroded estuory hobitot ond
re€sloblish migrotory pothwoys for solmon. To help ossessing the

hosibility of improving these estuorine [unc]ions through proposed

restorotion octions, o hydrodynomic model, specificolly suited for neor-

shore restorolion design wos developed for the Whidbey Bosin. Deloils
of this model ore described in o componion poper titled Development

of o High Resolution 3-D Unshuctured Grid Circulotion Model of the

Whidbey Bosin.

ln this poper we describe the opplicotion of this model to the Snohomish

River esluory. The fresh woter plume inleroction within the river delto
region, inundotion of the morsh-londs ond the solinity voriobilily in the

estuory were simuloted for fie exisling conditions. The model wos
then opplied for the Qwuloolt Morsh, Smith lslond, Union Slough,

ond Biringer Form reslorotion proiects. Locoled relotively close lo one

onolher neor the mouth of the esluory these projech form one of the

lorgest restorotion efforts in Wosh-ington. The results provide voluoble
informotion regording potentiol of{ects on morphology, ond morine
hobitot conditions under the influence of restorotion proiects.

Londscope Metrics for Monitoring Londscope Chonge in
Weslern Woshington
Doniele Spirondelli*, Morino Alberti, University oI Woshington

This study identilies ond opplies o sat o[ londscope metrics for
moniloring londscope chonge in Western Woshington wer the period

of 1991 to 2001 . The obiective wos lo selecl mehics thot moy be used

os indicotors to quontify ond monitor londscope polterns trends ot the

bosin ond subbosin scole. The study is bosed on o multiyeor NOAA
Coostol Chonge Anolysis Progrom (C-CAP) Lond Cover, o lond cover

clossificotion of [ondsot Themotic Mopper 5 imogery developed lor the

Notionol Lond Cover Dolobose {N[CD). The onolysis wos performed

ot three time-steps { 1991, 1996, ond 2001 ) for Western Woshington.

A multi-scole onolysis wos conducted using two wotershed bosin scoles

using USGS hydrologic units (HUCs),4 ond 6, lo evoluote londrcope
trends ot two di[[erent scoles. We quontified the sBnsitivity of the

selecled metrics lo chonges in lond cover ond populotion density thot
occurred in Wastern Woshington to ossess lheir usefulness os indicotcrs

for monitoring regionol londscope chonge.

This work wos conducted with support from the U.S. Environment

Proteclion Agenc, Region 10, Regionol Geogrophic lnitiotive.

Sensitivity Anolysis of Spotiol Populotion Viobility Models
for Criticol Hobitot ldentificotion
Jonelle Curlis', llono Nouiokoitis-lewis, Peier Arcesq Universily ol
BritisA Columbio
Jordon Rosenfe/d Brilish Columbio M inistry ol Environmenl

Metopopulotion dynomics ore slrongly influenced by the size, quolif,
ond spotiol orrongement o[ populotions, the dispersol rotes ond

correlotions omong populotions ond the skuciure of hobitot surrounding

populotions. Vorying such spotiol porometers in sensitivity onolyses
of populotion viobility onolyses (PVAs) helps evoluote the influence o[
porometer uncertointy on model predictions, but few studies conduct
such onolyses, perhops becouse no computotionolly€fficiont tools exist

lo focililote comprehensive sensitivity onolyses for spoliol PVAs. This

poper presents GRIP 1.0 (Generotion o[ Rondom lnput Porometars], o
progrom thot vories both spotiol ond non-spoliol input porometers for
PVAs creoted in RAMAS Metopop 4.0. GRIP is used hera to explore fie
consequences of spotiol voriotion on the persistence of 40 thraotened

species ond ronk the influence of spotiol ond non-spotiol poromelers on
extinction probobilily using stondordized regression coefficients. Our
results underscore the importonce of including spotiol porometers in

sensitivity onolyses; the most influentiol porometers were eilher spotiol
in noture {e-g., dislonce omong ond number o[ populotions) or linked

lo the number ond configurotion of populotions (e.g., correlotion of
vitol roles omong populotionsl. GRIP supports computotionollyefficient
sensitivity onolyses for spotiol PVAs lor prioritizing reseorch ond
identilying criticol hobitot for species thot occupy hobitot potches of
vorying size, quolity ond distribution.

A Simple Populotion Forecosl Model lor Purple Mortins in
British Columbio
Bruce Cousens *, J. Chodene [ee, Georgio Sosin Ecologicol Assessmen,

ond Resicrolion Sociely
Louro M. Dorling, Porks ond Protecfed Areos Bronch, BC Min. of
Enyironment

J- Con Finloy, lndependenl. Y'rctorio, BC

fhomos W Gillespie, lndependent, Viaorio, BC

Western Purple Mortins (Progne subis orSoricolo Behle 
'1968)

hove been the subiect o[ on extensive ond highly successful moinly
volunteer-bosed nest box recovery progrom in the Georgio Depression

Ecoprovince of southwest British Columbio since 1985, following
moior populotion declines ofter the mid-1900s, with over 600 poks

nesting in BC in 2006. Since 1997 o scientific moniloring progrom
wos implemented involving document'ed onnuol nest box inspections
ot olmost oll nesfing colonies within the province to monitor ond trock
progress o[ the recovery ond obtoin relioble doto on obundonce,
produclivity, nesling succass ond fledgling production for this

geogrophicolly conffned populofion. Anolysis of the resulting doto
occumuloted over o decode hos ollowed development o[ o simple
populolion forecost model bosed on nesting poir obundonce, fledgling
production ond onnuol survivol thol loirly occurolely (within 5-l O% so

for) predicts return o[ braeding birds the following yeor. lnput critario
(number of nesting poirs ond number of nestlings fledged) ore eosily
obtoined from nest box inspections prior to fledging ond overoge
overoll onnuol survivol loll oge closses combined) con be colculoted

from previous yeors'dolo. These doto con be used wilh overoge
fledging success lo ileroiively predict relurns in subsequent yeors, wilh
occurocy subiect to primorily weother-reloted fluctuotions in nesting ond
fledging success, os well os voriotion in onnuol survivol.

Session 3E: Seofood Sofety ond Humon Heslth ll
Choir: Yero Troiner

A Public Heolth Approoch lo low Dissolved Oxygen in
Hood Conol
leslie Bonigon *, Kitsop County Heohh Dktrict

Hood Conol in Puget Sound hos o history of low dissolved oxygen ond
onecdotol informotion suggests periodic tish kills doting bock to the

eorly 1900s. Recent orygan levels ore the lowest in recorded history,

resulting in fish kills in 2002, 2OO3 ond 2006 ond prompting concerns
obout long-term heolth of the conol.

A "Preliminory Assessment ond Coneclive Action Plon", (PSAT, Moy
20041 IPACA) theorized nuhient contominolion os o source of the

dissolved orygen problem becouse excess nutrients stimulote olgol20



growth, which uses oxygen os it breoks down. The PACA used

molhemoticol estimotes to identify nitrogen from onsile sewoge systems
(OSSI os the moior onthropogenic source to Hood Conol.

The Kitsop County Heolth District conducted o fecol coliform Pollution

ldentilicotion ond Correclion proiecl in 2005 to; protect public heolth
by correcting foiling OSS; ossess the relotionship between FC ond
nitrote+nitrite nitrogen in fresh woter droinoges, ond determine net

nutrient reduclions olter correcling foiling OSS.

Twelve foiling OSS were identified ond correcled in nine miles of
shoreline comprising 340 residences (4% Ioilure role). No stotisticol

correlotion belween FC ond nitrote+nitrite nilrogen wos found.
Shoreline flows demonslroted stolisticolly significonl nitrote+nitrito
nitrogen reduction olter correction ot two OSS correction silas.

Irocking Bocterio Sources in Ooklond Boy
Jofin Konovsky*, Sguoxin lslond lribe
Debby Sorgeont, Deporlment of HeoltA

Stephonie Horng Enyironmenlol Proleclion Agenry

Ooklond Boy is locoted ot the south end of Puget Sound. A rrery

productive shellfish horvest is threotened by high bocterio levels from
rurol nonpoint pollufion- Two oreos sre of immediote concern6o morine
stotion ot the upper end exhibils summer bocterio exceedonces. No
livestock ore neorby ond dye testing o[ neorshore orrsile sewoge
lreoiment syslems showed no foilures. Neorby freshwobr streoms hove
relofively low bocterio levels ond upwelling groundwoter is bocrerio
lree- Morine sediment hos o significont bocterio reserve. ln Chopmon
Cove, the exceedonces ore more closaly linled to roinfoll wenh. An
obvious source is livestock grozing olong the shoreline. A tribulory tro

the cove, Uncle Johns Creek, hos high boclerio levels. The locol Heolth
Deportment's efforh to conduct dye testing o[ on-site syslems hove
nol been successful, but fie conservotion dishict hos been octively
working with liveslock owners. A microbibl source kocking study
sponsored by EPA using Bocterioidas hos identiliod thol both ruminont
ond humon morkers ore ubiquitous. A seporote study by the University
of Woshington is looking ot F+RNA coliphoge typing. Stokaholders
conlinue lo meet to oddress the issues. While tha ogricultura community
is responsive lo pollution control octions, on-site ownars conlinue to resist

inspection of their systems. Evoluolion of incenlive ond anlorcemenl
oplions is ongoing, plus odditionol invesligotion o[ the role o[ sediment
bocleriol reserves-

BEACH Progrom - A Four Yeor Review of Doto
Lynn Schneider* , Jessico Arcfier, Woslringion Slole Deporlment oI
Ecology

High levels of enterococcus bocterio in morine wolers con be indicolive
o[ on increosed risk of illness for recreotionol beoch users. The Beoch

Environmentol Assessment, Communicotion, ond Heolth {BEACH}
Progrom is currently being implemenied in Woshington Stote in

response to the BEACH Acl which wos possed by the US Congress

in 2000 lo creote o uniform system to protect users of morine wolers.
The Deporlments of Ecology ond Heolth implement lhe EPA funded
progrom in colloborolion with county heolth iurisdictions ond volunteer
orgonizotions. This presentotion will include o brief overview o[ lhe
Progrom ond on onolysis o[ lour yeors of beoch resulls, locusing on
beoches thot hove levels of enlerococcus obove bockground levels.

Severol foclors ore known to couse increoses in enlerococci in morine
woters. These [octors include proximity ol known con]ominolion

sources, number o[ swimmers, freshwoler inpul from skeoms ond rivers,

roinfoll, ond sediment type. The presentotion will conclude with o few
exomples o{ how on increosed level of bocterio ol beoches hos leod to
remediotion efforts.

lnlrusion oI Domoic Acid inlo Puget Sound, Woshington
Stote
Vero Train er 

*, NOAA/NM FS/NWFSC
Aleto Ericksoo Jomestown S'Klollom lribe

Williom Cochloa Romberg fiburon Cenler for Enyiron Srudies, SFSU

Erion Bill NOAA Fisfieries, Nortfiwest Fisheries Science Cenfer
Fronk Con, Woshington Strcte Deporfment of Heo/*
Jerry Borchert, Woshington Stote Deportment of Heolth
Kothi Lelebvre, NOAA Fisfieries, Norffiwesf Fisheries Science Cenler

Severol species of lhe toxigenic diotom Pseudo-nitzschio, together with
low concentrotions of domoic ocid in shelllish hove been observed in

Puget Sound, Woshington Stote, since 1991, Howeveq only recently
hove highdensity blooms of Pseudo+itzschio forced the closure o[
recreotionol, commerciol, ond tribol subsistence shelllish horvesting
in northern Puget Sound. Here we report on the environmentol
conditions qssocioled with shellfish closures in two Puget Sound
emboyments during the closure events in Foll 2005. ln Sequim Boy,

shellfish horvest losses occurred on September l2 following the
meosursment o[ elevoted mocronuhienl levels on September 2, ond
o bloom of P pseudodelicotissimo (up to l3 million cells per L) on
Seplember 9. Ambient N H4 concenhotions > I 2 pM (meosured on
September 2) were due to onthropogenic inputs, likely [rom form runoff
ond/or sewoge inpuls neor Sequim Boy. The closure of o Penn Core
commerciol shellfish form on October l6 wos coused by o bloom of
P oustrolis thot frollowed o period o[ susloined precipilotion, elevoted
Skogit River flow, ond persistent soulheosterly winds. The relotive
imporlonce o[ o number of environmentol foctors, including oceon
lemperoture, slrotificotion coused by riyers, ond nutrienl inputs, whether
nolurol or onthropogenic, must be corelully studied in order fo better
understond the recent oppeoronce of mossive blooms of bxigenic
Pseudenirzschio in Puget Sound.

Alexondrium Cysts in Puget Sound, Woshing0on. USA
Clreryl Greengroae *, University ol Woshingtoo locomo
Rilo Homer, Jim Poslel Uairaersity ol Woshingto4 Seottle

Sion Dovies-Vollum, Jim Gowel, Universif oI Woshington, Tocomo
Aanie Cox, University ol Rfrode lslond
Simone Ho#ec Woshington Stoie Deporrmen, of Ecology
Kyle Sorensen, Jdl Hubert. Jonothon Nevrlle Univercity ol Woshington,
Iocomo
Bruce Frost, Universtty ol Woshinglon Seoftle

Alexondrium cotenello bloomed in cenhol Puget Sound in lote summer

2006. Toxin levels in blue mussels reoched 17,000 ug/'100g resulting
shellfish closures (F. Cox, Woshington Deportment of Heolth). Porolytic
Shellffsh Poisoning is often present in shellfish in Puget Sound, but lide
is known obout lhe distribution ond biology of either the motile cells or
cysts of the moior cousotive species, A. cofenello. Our survey of 32
sites in Morch 2005 found cysts of A. cofenel,o in surfoce sediments

throughout Pugel Sound. Sequim Boy with 200 cysts/ml sedimenl ond
Quorlermoster Horbor with '12,000 

cysts/ml sediment hod the highest
obundonces; other oreos ronged from < l0 to obout 100 cysts/ml.
Sediment porometersjroin size, totol orgonic corbon (TOC) content,
qnd metol (Cu, Cd, Zn, As, ond Pb) concentrolionrwere meosured
to evoluote correlotions with cysl obundonce. lnitiol results indicqte
thot there is no correlotion between groin size, TOC conlent or metol

concentrotions wilh cyst obundonce. Cyst concentrotions ond 2l0Pb
were meosured in sedimenl cores from some sites to determine historicol
cyst presence. Cysls were present lo the bottom of cores from Sequim
Boy ond Quortermoster Horbor in obundonces consislenl with surfoce
sediment counls.

Climote Voriobility ond Porolytic Shellftsh Toxins in Puget
Sound Shellfish
SiepAonie K. rMoore*, Nofion J. Monluo, Universily ol Woshington
Vero L. Troiner, NOAA Fisheries, Norfiwest Fisheries Science Center
Borboro M. Hickey, Universily of Woshington

[ong term observotions of Porolytic Shellfish Toxins (PSTsl in Puget

Sound shellfish from the WDoH Biotoxin Progrom ore used os o proxy
lo describe bloom dynomics of the hormful dinoflogellote species

Alexondrium cofenello from 1957 to 2002. Observotions ore selected
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for hend onolyses bosed on the obility of the shellfish species to retoin

or depurote PSTs, frequency of observotions ot individuol sites, ond
considerolion o[ fimescoles o[ selected climote forcings. On seosonol to
interonnuol timescoles, Blue Mussels ore used to idenlify "PSP hot spols"
ot Mystery Boy, Discovery Boy, Docklon ond Sequim Boy. Hot spots ore

used to indicote exceptionolly toxic er^uents Ior cose studies of preceding

environmentol conditions, ond lo develop onnuol indices of A. cotene/,o

bloom behovior for quonlitolive comporison with regionol ond lorge
scole climote forcings. On longer timescoles, PST occumulotion in

Sequim Boy Buller Cloms covories with worm phoses o[ the Pocific

Decodol Oscillotion ond the window of optimol growth condilions lor A.
colenello os determined by worm seo surfoce temperotures. Results from
this study o[ observed climote influences on PSTs will be used to develop
PSP risk lorecosts ol seosonol lo interonnuol time scoles, ond lo evoluote
the potentiol influence of globol worming on inlensity ond durolion of
fi,rture toxic events in Puget Sound. Recommendolions ore mode for

future monitoring of shellfish toxicity ond environmentol porom6t€rs lo
improve forecosting skill.

Secsion 3F: Governonce in Tronsboundary
Ecosystem Monogemenl I
Choir: Rod Dobell

The Forsoken Fiord: Science, Society, ond Biologicol
Decline in Puget Sound
Cosimir Rice 

*, 
Universily of Woshington ond NOAA FisAeries

Todoy we see severe ond exponding humon influence throughout
most of the Puget Sound londscope, ond multiple, continuing signs

of biologicol decline. At the somo time, reseorch ond monitoring
to undersfond, protect, ond recover Puget Sound is o frogmented,

uneven collection o[ efforts, surprisingly lit e of which considers Puget

Sound in ecosystem ond londscope contexts or focuses speciftcolly
on the biologicol effects o[ humon octivity- As o resull, we hove no

comprehensive, coherent norrolive of how the Puget System ecosyslem

works, how it hos been ollected by humon octivifl ond whot con ond
should be done to improve its condi on. This preseniolion briefly reviews

the history of environmenlol reseorch, ossessmenL ond moniloring

in Pugel Sound; considers the strengths ond weoknesses of severol

historicol, ongoing, ond proposed efforts; ond oflers suggestions for
improvemenl.

Economic Development in o Tribol Communily:
Opportunities ond Chollenges to Ecotourism in Neoh Boy,

WA
Morgon Schneidler*, Sclrool of Morine Affoirs, Uniyersily ol Woshington

Coostol communities in Woshington Stote hove hisloricolly been

dependent on noturol resource extroction to support ond mointoin

sociol ond economic heolth. During the post decodes mony costol
communities hove experienced economic recessions due to noturol
resource policies which hoye increosingly reguloled horvesL ln

lurn, tourism is being explored by mony os o tool to diversify coostol

economies. Ecotourism is of porticulor interesl os o meons of economic
growlh os it hos to potentiol to praserve nolurol ond culfurol resources,

educote tourists, ond employ locol people.

Nolive Americon lribes hove unique obstocles lo economic development
which includes 150 yeors o[ oscilloting federol ond stote policies. The

Mokoh Tribe, locoted on the Northwest corner of the Olympic Peninsulo

in Woshington Stote, is interesled in improving the economic conditions

on their reservotion by exponding fie tourism sector. Currently, the

Mokoh Culturol ond Reseorch Center IMCRC), o Mokoh run non-profit

is highly regorded for its leodership in teoching ond preserving Mokoh

culture. The MCRC is pursuing opporlunities to expond their tourism

funclion by sponsoring [orms of coos]ol ond morine ecolourism.

Using the Broker-Locol-Tourisi sociologicol model, fiis poper exomines

opportunities ond chollenges thot concern ecotourism development

on the Mokoh reservotion. Findings emphosize lhe importonce of
defining oppropriole sociocullurol proiects, ond creoting brokerSroker
portnerships.

Shored Decision Moking Across S'oolh Tumuhw l"Our
Lond"l: The Hul'qumi'num Approoch Towords The Design
of Shored Decision Moking Over Lond. Woter ond Noturol
Resources in Their Troditionol Territory
Jess Rogers, Hul'qumi'num Treoty Group
Brion Olding *, Consuhont to fhe Hul'qumi'num Treoty Group

Tha determinolion of how decisions ore mode obout the use of resources

ocross First Nolion troditionol lerritories lies ot the heort ol reconciliotion

between Firsl Notions ond olher governmenls. Tha Hul'qumi'num Treoty
group hos been working to oddress this issue over the post lwo yaors.

An inlerim shotegic lond use plon wos completed to describe the vision

o{ the Hul'qumi'num muslimuhw ("people"} ond how decisions ore

mode obout the use ond protection of terrestriol ond intertidol relources.
An onolysis of the stote o[ porticulor resourcas {a-g. beoches, culturol
heritoge, rivers, fish, forestry ond wildlife) wos corried oul to provide

o slotus of well-being ocross the Hul'qumi'num tumuhw ("lond"). The

woy in which the provinciol government wos orgonized lo odminister
resource decisions ocross lhe territory wos studied ond evoluoled on

o sectorol bosis. The key lond struggles which hove token ploce in
British Columbio oyer lhe post ten to fifteen yeors (Cloyoquot Sound,

Greot Beor Roinforest, ond Hoido Gwoii) were sludied in detoil with o
view towords identifying successful co€overnonce models for decision-
moking on lond ond resource uses. These studies provided the bosis for
fie preliminory design of o Shorad Decision Moking Model between
Hul'qumi'num goyernments ond with lhe prorinciol govemment in

porticulor. The Hul'qumi'num Trooty Group, with the six Hul'qumi'num
Member First Nolions, ore working on developing the inlernol slructure
lor how the six Hul'qumi'num Member First Notions will work together.
The concept is to build the internol copocity o[ the six First Notions to
moke effective, efficient decisions colloborotively on lond ond resource

decisions thot offect their colleclive rights ond title. lt is envisioned
this opprooch will prepore tha Hul'qumi'num for intergovernmentol

discussions on Shored Decision Moking ocross s'oolh tumuhw, working
within the principle of Nutso'moot ("working os one")

Colloborotive Oceons Governonce Arrongements in British
Columbio
Jonie Alley*,8rilisA Columbio Minislry o( Envircnmenl

Conodo ond British Columbio hove hod o voriety of experiences over
tha post two decodes in developing governonce orrongemenls [or
oceons ond coostol resources. Current governonce orrongsmants
ronge from formol, legol ogreements between govemm6nls, to less

{ormol ond more inclusiye orrongemenls omong government ond
nongoyernment porties. tor the most port, these orrongemenls hove

evolved on on informol, od"hoc bosis io meet the needs of porticulor
circumslonces ond initiotiyes. Recently howaver, more formol struclures

hove evolved. For exomple, b ensure colloborolion between Conodo
ond British Columbio in the implementotion ol the federol Oceons
Strotegy, in September 2004, the two governments concluded the

Conodo-British Columbio Memorondum of Understonding Respecting

the lmplementotion o( Conodo's Ocoons Strotegy on the Pociftc Coost

of Conodo. The MOU provides {or odditionol subsidiory ogreements in

six specific oreos ond on olher motters thot moy be identified for future
colloborotion. To dote, Iive sub.ogreemenls ore neoring complelion,
implementotion plons ore under development ond ioint funding
ogreements for specific proiects hove been concluded. This oclivity
hos olso required the derrelopmenl of o more slructured ond disciplined
opprooch to governonce fior shored policy development ond ioint
progrom delivery.

This presentotion describes existing institutionol ond orgonizolionol
orrongemenh betueen Conodo ond Erilish Columbio to ensure o



common uflderslonding o[ whol exisls now, ond os o contribution lo the
developmenl of more permonenl, procticol, ond effective governonce

orrongamenB lor lhe future. An exominolion ond onolysis of exis]ing
institulionol orrongements lor monoging cooslol ond morine resources

will oid in the development o[ processes thot ensure o shored vision
belween governments for sustoinoble oceons monogament, enhonce
cross.border cooperotion ond [ocilitote relotionships between
government ond non€overnmgnt porlies.

Tronsboundory Aggregolions os Leorning Settings:
Explorotion of three Co5e5 in rhe Solish Seo Wotershed.
Henrielle BoslrupBirk *, Cotfrolic University o{ Leuven

The presentotion will outline raseorch in progress oimimg ot distilling
insights uselul to orgonizotions engoged in tronsboundory oggregotions
dedicoted to ecosystem ond hobitot restorotion ond stewordship. lt will
propose furning to the tronsformolive leorning perspective, coupled
with o sociol leorning model, gociol repres€ntolion ond multiactor
lroming theorT to explore whot leorning processes ond ouhomes such

settings moy bring obout. These outcomes moy include invenlive oplions
for haading ecologicol connectivity, increosed ocknowledgement of
differences in perspectives omong msmber orgonisolions, greoter

copocity to deol constructively with such dillerences ond o sense of
colleclve responsibility. Clos6r scrutiny moy disclose still other outcomes

The tronsboundory oggregolions proposed os showcoses ore the Puget

Sound/Georgio Bosin lnlernotionol Tosk Force, the lnternolionol Orco
Poss Stawordship Coolition ond the Coost Solish Aboriginol Council.
Comporotive onolysis will focus on the representolions of the different
member orgonisotions norlh ond south of the border regording whot to

do togelher, how these representotions evolve over time ond in relotion

to eoch olher ond the extent to which different represenlotions ore
ocknowledged in ioint stoiements, ogreements or progrommes.

lnsights regording overseen or undereslimoted oulcomes o[ engoging
in tronsboundory oggregotions moy spur octive porlicipotion in exisling

settings or formotion of new ones.
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Session 48: Northern Abolone Recovery
Choir: Don Ro*ous

Chonges in Abundonce ond Size of Pinto Abolone (Holiofs
komtsclrotlonof in the Son Juon Archipelogo 11979 lo
2006l
Don Rorlrous ", Woshington Stote Deportment of Fish ond Wldlle
Corolyn Friedmon, Brent Vodopolos, University ol Woshington, School of
Aguolic ond Fisfrery Sciences

Pinto obolone lHoliotis komrschorkono) populotions in the Son Juon
Archipelogo (SJA) hqve been monilored periodicolly by the Woshington
Deportment ol Fish ond Wildlife from 1979 through 2006. Alorming
decodol chonges in obundonce ond size lrequency hove been

documented. A comporison between timed twenty minute dive surveys

ot 23 sites showed o roughly 5O % decreose in obolone from 1979 to
1991. ln 

,)992 
o new melhodology wos odopted using ten permonent

index stotions locoted throughout the SjA. These hove been r+surveyed

in 1994, I996, 2003,2004,2005 ond 2006. A decreose in totol
obundonce occurred from 1992 to 1994 {n=351 to n:288). The

fishery wos closed shortly o{ter the 1994 survey bosed on the continued
declining trend. From 1992 to 2006 there hos been o 77o/" reduction
in obolone obundonce ol lhese index stotions. A significont l0 mm right
shift in meon size of obolone occurred during ]his some time period.
lineor regression of obundonce doto predicts lhol these l0 sites will be
extirpoted by 2010. Literoture suggesls thot sedentory invertebroles,

such os obolone, must be ot densities > 0.33.0.i5 obolone,/m2 for

successful fertilizolion. Currently, oll index stotions hove densities well
below O-15 obolone/n2. Abolone < 9O mm represent < 4%oIthe
individuols encountered in 2006. These doto ore indicotive of "A.llee

Effect" response to low populotion densities. Both WDFW (in 1996) ond
NOAA Fisheries (in 20041 hove listed pinio obolone os o "Species of
Concern'.

Nodhern Abolone ond Engineering Species in the Son
Juon lslonds: lmplicotions for Reslorotion Strotegies
louro RogersSennelt", Colifornio Deportment of Fish ond Gome
Brion Allen, Puget Sound Restororion Fund

Don Rotlrous, Woshington Depo,tment o{ Fish ond Wildlife

Northern obolono, Holiofis lomrschotkono, once common on subtidol
rocky ree{s moy now be scorce in the Son Juon lslonds ond throughout
the Pocific Northwest. We compored the obundonce of northern
obolone todoy wilh doto from 25 yeors ogo in the Son Juon lslonds ond
northern Colifornio. ln the Son Juon lslonds, we exomined which hobitot
engino6rs were ossocioted with the presence o[ odult nor]hern obolone.
Our resulls show lhol northern obolone hove declined to criticolly low
levels in the Son Juon lslonds ond in northern Colifornio. Furlhermore,
no juvenile or smoll northern obolone (<75mm) were obseryed ot ony

ol the sites. Adult northern obolone were significontly more obundont ol
siles with kelp beds (X2: I 8.8, d.l.-2, p=0.01 ) compored with siles wi6
seo urchin spine conopy. Abolone obundonce wos correloted with other
mollusks including rock scollops ond white cop limpets (R2:0.542, F:
9.52, p=0.01 I. Reserve stotus o[ th6 site wos o poor predictor of odult
northern obolone ond rock scollop obundonce. The combinotion of no

iuvenile oSolone coupled with low obundonces o[ oduks is indicotive

of recruitment foilure ond the need for oggressive conservotion odions.
Determining criticol hobitot feoturas ond ossocioted species con guide

future site selection for monogemenl ond restorotion efforts-

Eorly Life History Dynomics of the Pinto Abolone lHolioris
l(ombcfio*onal in the Son Juon Archipelogo, Woshington
Stole
Joshuo Bourno *, Brent Vodopolos, Corolyn Friedmon, Univercily of
Woshingto4 Aquotic & Fishery Sciences

Don Roilrous, Woshington Deportmenr o[ Fish & Wildlite

Pinto obolone (Holiofis komhcfiod<ono) ore in serious decline in

Woshington stota, possibly due in port to Allee effects ond recruilment
loilure. Sixty-six obolona recruitment modules (ARMs) deployed ot
three sites in the Son Juon orchipelogo (SJl) ond surveyed in situ six
times over 26 monlhs oftrqcted only three iuvenile obolone. Declines
could olso be ottributed in the northern Slls to elevoted tremperolures

ond lowered solinities observed from the Froser River summer plume.
To test this hypothesis, o 3x3 full foctoriol experiment wos implemented
to exomine the influence o[ environmentolly relevont lemperoture

ond solinity combinolions on posCorvol survivol. By doy three 100%
mortoliry wos observed in oll l4psu treotment groups regordless of
temperoture. Mortolities in eqch of the remoining temperoture/solinity
combinolions over the 14 doy study were not significont. Bosed on these

results, singl+foctor experiments were conducted in which postJorvoe,

veliger lorvoe, ond trochophore lorvoe were chollenged with o ronge
of treotment solinities (l432psul. 100% mortolity wos observed in oll
post-lorvol heotments below 23psu. Over 98% mortolity o[ trochophore
lorvoe wos observed when exposed to solinities below 26psu, while
lorvoe chollenged os doy three veligers showed greoler toleronce of
solinities between 23.26psu. These $udies suggesl eorly intoleronce to
solinities ot or below 23psu, conditions lhol ore often observed in the
northern SJls during summer monlhs.

Evidence lor o Cryptic Form of Abqlone in Woshington
Stote, ond lmpoct on the Census Size of Populotions oI
Pinto Abolone in the Region
Krislino Slrous *, lyndsoy Newton, Robyn Estes Streng e, Universily of
Wosfiington
Don Rotlrous, Woshingion Deportment of Fish ond Wildlife
Corolyn Friedman, Kerry Noish *, University ol Woshington

ln Woshington Stote, where lishery closures in the 1990s hove foiled to
prevenl the decline o[ pinto obolone, genelic onolysis of the populofion
structure of the species hos direct relevonce to its conservolion. We
extended the northern ond southern ronges ol o previous genelic

survey, ond detected minor differentiotion between pinlo populofions.

However, we noted lhot populotions lrom lhe inlerior coosts (northern

Puget Sound, Woshington ond Ketchikon, Alosko) were significontly
different from those on lhe ouler coo$ (British Columbo ond Sitko,

Alosko). Populotion ossignment methods discriminoted o group of
divergent individuols oggregoted oround South Long lslond in northern
Puget Sound. These individuols were morphologicolly indistinguishoble
from pinto obolone, ond olso occurred ol lower frequency in somples

throughout the species ronge. We {u*her clorilied the toxonomy of this

newly identifted form using moternolly inherited milochondriol DNA
ond reproduclive proteins, ond derived o full census of both Iorms of
obolone in the region. To dote, our resuhs indicote thot this form moy be
flot obolone, but the full ronge of phenotypic diversity ond distribution
in this species hos not been previously recognized. Our findings hove

significont impoct occurory of populotion counts o[ pinto obolone, ond
highlight the reduced potentiol for recwery in fiis species.

Three Approoches ro Ouf-Plonting Holchery-Reored
Pinto Abolone (Holiotis &omtschotkonol British Columbio,
Conodo.
Roberl Whyfe *, Pocific Trident Fishing C. lfd.
Dr, Down Renfrew

The Bomfield Huuoyoht Community Abolone Proiect hos been
conducling reseorch on the oufplonting of pinto obolone (Holiotis

komtschot*ono) in Borkley Sound, B.C. Conodo. BHCAP hos token o
3-pronged opprooch to out-plon ng young obolone: L lorvoe 2. 1.2

monthold iuveniles, ond 3. I yeorold iuveniles. Wild broodstock ore

collected from fie lield ond conditioned lor spowning in the hotchery.

Lorvoe generoted ore roised for their 2-week plonklonic phose ond
when competent for serloment, ore either oufplonted or set in the24



hotchery. There ore proclicol ond biologicol odvontoges lo out-

plonting very young onimols. For lorvol out-plonting, lorvol developmenl
is monilored ond onotomicol ond behoviourol chorocleristics indicole
when fiey ore opprooching compelence lo set e. The lorvoe ore

counted ond pockoged {or tronsport (up to 24 hours by lond, seo or
oir). At the outplonting site, lorvoe ore keoled with GABA to trigger
sefilemenl, lhen put into wide$or6 syringss with o dye morker, token
underwoter by divers ond releosed into crevices ond spoces between
rocks. Outplonting of l-2 month old luveniles is done by settlement of
fie lorvoe onto concrete blocks contoined in modulel in the hotchery.
The modules ore held for 'l-2 months in lhe hokhery until the iuveniles
reoch opproximotely 1 mm shell length. They ore #en tronsferred in

lol6s of seowoter, looded onto the dive bool ond ploced on the seo

bed by divers. The use of modules protects ihe frogile iuveniles from

hondling domoge, prwides o refuge from predotors for them in the
ffeld ond increoses the chonce lhot out-plonts will remoin in the some

locotion. Yeorold iuveniles were oul.plonted prior to their conversion
to o kelp diet (prior to o subsequent chonge in shell colour in the
hotchery). The iuveniles ore removed from holchery plotes, pockoged
for tronsport ond ploced on cleonly brushed substrote by divers. Since

November 2003, BHCAP hos oulplonted 4 million lorvoe, 150,000
l-2 monfi old iuveniles ond 20OO yeorold iuveniles (8 mm meon shell

length) or 3 sites- Boseline populolon surveys were conducted prior lo
out-plonling ond follow+p surveys will soon be completed to determine
lhe success of the project.in British

Wild Broo4Stock Aggregotions os q Recovery Tool for the
Nodhern Abolone ltloliotis (omlschotlonof in the Pocific
Rim Notionol Pork Reserve of Conodo, British Columbio.
Iomos Tomoscik *, Heother Holmes, Porks Csnodo

One ol the live key obiectives of the Notionol Recovery Strotegy for
lhe Northern obolone (Holiolis komtscho <onol in British Columbio i3

to conduct reseorch on rebuilding methods. The shotegy prioritizes

studies to ossess the efficocy of wild obolone lronsplont oggregotions
(i.e., brood-stock oggregotions) to enhonce locol spowning success

ond reproductive output. Abolone recruitment wos sludied ot eight
locotions (eoch with two replicote slotions) within the Broken Group
lslonds olong o modeled current pothwoy in the foll of 2004 ond the
winter of 2005. The results suggesl lhot wild brood-slock oggregotions
moy be on effective rebuilding lechnique for Northern obolone. We
found o significonl imerse relofionship lr2 - O.86; P < 0.001 ) between
recruit [i.e., shell length ! 30 mml density ond distonce (km) Irom the

brood.stock oggregotion. A significont positive relotionship (r2 - 0.63;
P < 0,02) wos olso detected between recruit densities ond the relotive

index of exposure. Potenliol eflects of vorious hobi1ot chorocterislics
(a.g., obundonce of compelilors, predotors, subs[ole type, etc.) ore

discussed. These results provide strong evidence for o downslreom

dispersion grodiont of iuvenile Northern obolone from o wild brood
stock oggregotion, ond sugge$ thot wild brood-stock oggregotions moy

be o vioble ond cost effecfve rebuilding tool.

Federol Proteclion lor Northern Abolone in the USA:
Comporing ond Controsling the Process ond Polentiol
Outcomes of Species of Concern Versus ESrA listings
Scotf Rumsey, NOAA/NMfS/NWFSC
Melissq Neumon *, NOAA, Norionol Morine Fisheries Service

ln 2004, the Notionol Morine Fisheries Service (NMtS) estoblished

o Species of Concern (SOC| list lor species obout which NMFS

hos concems regording stolus ond threots, bul for which insulftcient

informolion is ovoiloble to indicole o need to list under Ae Endongered

Species Act (ESA). NMFS oddad norlhern obolone to the SOC lisl to
promote reseorch ond proocliva conservolion e[[orts ond potentiolly

negote the need for ESA listing. Progress hos been mode to identify

doto deficiencies, stimulote cooporolive reseorch efforh, ond fosler

voluntory efforts for providing stewordship- The scope of the SOC

progrom is conslroined, however, by limited funding opportunities ond
NMtS's inobility to regulote oaivities thot pose lhreots. lf evidence
suggests thot on ESA listing is worronted, NMFS moy consider initioting
the listing process lor o species. This process involves compiling the

besl ovoiloble doto, determining whot conslitutes o species, ossessing

exlinclion risk, ond evoluoting conservotion efforts underwoy tc
determine if they mitigote extinclion risk such thot listing is nol worronled
The gool of on ESA lisling is lo conserve ond protect ot risk species

by prohibiting toke ond by ensuring thot federol ogsncios do not

ieopordize the continued existence of the species or odversely modify
thek hobitot.

Developing o Sound Recovery Strotegy for the First
Endongered Morine lnvertebrote, White Abolone lHoliots
Sorenscail
14elisso Neumon *, NOAA/NM FS/NWFSC
John Butler, NOAA, Notionoi Morine fisheries Service

White obolone, o deeper-woter species inhobiling kelp forest hobitots of
the southern Colifornio qnd centrol Boio Colifornio coosts, become the
first morine invertebrote to be odded to the Endongered Species list in
Moy 2O01. Criticol b developing o recovery plon for white obolone
is better understonding the fodors thot led to its decline, improving
estimotes of obundonce, goining o better understonding o[ the species'
life history, ond refining the focus ol future conservotion efforts. A
threots ossessmenl reyeoled thot the impoct of lishery exploitotion wos
likely the moior couse for the species' decline. Recent surveys reveoled
thot the totol populotion size in fie US moy be higher thon previously

eslimoled becouse the omount of suiloble hobitot identified ol these sites

13, 646 ho) is more thon l0 times greoter thon previously estimotred
(202 hol. However, densilies remoin ot leosl on order o[ mognitude
lower l3-50 per ho) thon preexploilolion densilies (479-2,300 per

ho). Future recovery octivities should locus on determining lhe criticol
densities required for successful spowning, the spotiol scole over which
recruitmenl dynomics ore operoting, ond whether orlificiol enhoncement
moy help in ochieving the criticol, scolespecific densities necessory for
recovery ond long-lerm yiobility of the species.

Session 4C: Scogross Biology ond Ecology
Chon : Sondy WyllieEscheverrio

Lipid Biomorkers os Proxies of Poot Eelgross Abundonce
ond Orgonic Moller Composition of Sedimcnt in the
Neqrshore of Puget Sound, WA
Roberl Rosenbouer*, Eric Grossmon, Renee lokesue, U.S. Geologicol
Survey Sontu Cruz, CA

The widespreod loss of eelgross in Puget Sound hos ecologicol
implicotions including loss of essentiol hobitot for iwenile solmon. We
developed ond opplied o multiindex technique using lipid biomorkers
lor investigoling tha poloooccurrenc€ of ealgross to help determine
whether lhese losses ore nolurolly occurring or hove been exocerboted
by onthropogenic octivities. Specific hydrocorbons, in porticulor CI7
ond C l9 n.olkones with on oddovereven corbon number preference
in combinotion with higher.plont slerols: stigmosterol, [l.silosterol, ond
compesterol, ore good indicotors o[ eelgross. Anolyses of sediment

cores from Westcotl ond Podillo Boys show voriotion in these compound
concenlrolions downcore suggesting the biomoss o[ eelgross hos

voried orer the post 150 yeors. This interpretotion moy be confounded

by o Cl9 +olkone derived lrom olgoe, ond tenigenous ploni slerols

suggested by lhe presence of C27 ond C29 nolkones. Algoe. often but
nol olwoys, con be identiFed by o bell-shoped po ern of n-olkones. C2O
ond C25 highly bronched isoprenoids, or slerols such os cholesterol,
desmosterol, ond brossicosterol. Compound specilic isotope rolios moy
help resolve these intarferonces becouse Z. morino is o C3 plonl with

some Cy' chorocleristics such os l3Cenriched n-olkones. Meosuremenls

of ? l3C for tha C 17, ond C19 n-olkones from lEoves of Z. morino were
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126, in conhosl with rypicol ronges of l8-226 for olgoederived n-

olkones ond 2G276 lor terrigenousplont nolkones.

Voriolion in Florol ond Seedling Development os lndicotors
of Seogross Meodow Condition.
Loreen Allphin*, Deportment of Plont ond Animo/ Sciences, Brighom
Young University
W. Judson Kenworthy, Cenbr lor Fisheries ond Hobitot ReseorcA,

NCCO9 NOt NOAA

Whereos the condition of seogross meodows is often linked to voriotion
in the density o{ sterile shoots, even though these plonts flower rorely is

florol development, seed viobility or lhe potenfiol of seedling recruilment

considered os indicotor of the stotus ond heolth of the meodow. Using

fteldcollected somples ond loborotory experiments we describe the

potentiol of lhese bioiic processes os potentiol indicotors of meodo*
condition. ln 2006 florol development ofter fertilizotion wos ossessed

ot eight sites throughout the ronge ol Zoslero morino (eelgrossl within

lhe continentol United Stotes. L,oborotory experiments, with seeds

collected in 2005, were designed to test germinotion frequency ond
seedling developmenl of individuol seeds from three sites in the Son

Juon Archipelogo in Woshington Slote. Results from the florol condition
study indicola differences in seed set due to voriolion in the rote of
oborfion omong developing seeds ocross the sludy populotions. We
olso found signiffcont differences for seed,/ovule rotios between sites

ond hobit (parenniol vs. onnuol). Moreover resulls from loborotory
experimenls reyaoled signilicont diflerences in germinolion roles,

seedling development ond condition of seeds remoining in the sediment.

This study demonshotes the importonce of loctoring sexuol reproduction

doto into progroms designed to ossess lhe condition of seogross
meodows.

Populotion Stotus of the Seogross Zoslero Morino in the
Son Juon Archipelogo
Ginger Shoemoker *, Sondy Wyllie-Echeverrio, University oI Woshington,
Seode
Viclorio WyllieEcheverrio, University of Vic+orio

Zostero morino meodows in lhe Son luon Archipelogo contribute to

neorshore biodiversity ond productivity ond ore protected by o nanet-
loss policy in Woshington Slote. ln 2003/04, retrospective onolysis,

using historicol oeriol photos reveoled substontiol losses hod occurred

within severol smoll emboyments. As o consequence o monitoring

study wos initioted in 2005 to hock populoiion stotus within the shollow
subtidol region ot I I sites os port of o lorger proiact to determine
cousotive foctors of populotion decline. All siles were r+sompled in
2006. At eoch site, shoot densities, flowering frequency, rhizome

inlernode lengthl sediment groin size ond percent orgonic moller

were sompled. ln oddition, during 2005, leof tissue wos collected ond

orchived for genetic onolysis. Shoot density ond flowering lrequency
increosed in 2006 but leof length oppeored to correlote more closely

with stress level os meosured by sediment groin size thon with the
yeor. ln oddition to providing boseline inlormotion ol the site level,

these results con be used to interprel results of genetic onolysis. Proiect

obiectives ore to provide boseline ecologicol informotion lo guide
reslorotion efforts once foctors in decline ore known. We demonslrote

the volue of moniloring ot the site level lor species under threot in the

Solish Seo.

Fish Assembloges Found in Eelgross Meodows (Zostcro

morfnol of the New GulI lslonds Notionol Pork Reserve of
Conodo
Clilf Robinson *, Guy Mortel, Porks Conodo

The Gulf lslonds Notionol Pork Reserve o[ Conodo (GINPRC)

encomposses obout 35 km2 o[ neor shore morine ecosystems wi$in
its boundories. There ore mony ecosystems in GINPRC lhot will require

moniloring lo ensure for lhe conservotion of ecologicol integrity.

However, one ecosyslem in porticulor, nomely eelgross (Zosfero

morino), is orguobly the most productive ond sensilive to o wide voriety
o[ lond-use ond morine octivilies. In this tolk, we present results from on

ossessmenl of eelgross properties, environmentol conditions ond fish

ossembloges collecled ot 16 eelgross beds during August 2OOdF2OO6.

Overoll, we conclude lhot ffsh ossembloges in eelgross beds in the

southern Gulf lslonds tend to be in relotively poor heolth compored to

other Porks Conodo regions on the west coosl of British Columbio. We
discuss some possible reosons for the observed poor heolth in the fish

ossembloges.

Assessing the Ecologicol Connectivity of Eelgross Hobirots
ond Protected Areos: o Toil of thc Populotion Slructure oI
the Eoslem Pocific Boy Pipeftsh, Syngnothus bptorhynchus.
Romono de Grool*, Eric Toylor, Universily ol Brilish Columbio

Populolions require o nelwork of interconnected hobitots lo mointoin

biologicol processes such os reproduction. Defining the spotiol scole

ond polterns ol exchonge omong interbreeding groups is criticol to

esloblish breeding units ond populotion boundories. lrwestigoting
genetic connectiyity (dispersol) o[ individuols omong hobitot potches is

on sffective woy to meosure these populotion poromelers ond ossess the

obility of protected oreos to moinloin populotion processes.

Eelgross hobitoh ploy o criticol role for neorshore ond offshore morine

ecosyslems os nurseries, spowning hobitots, ond os hobitot for residenl

species. locolly, signiftcont losses of eelgross hobitot hove been

documented ond ultimotely these losses will ollect ecologicol function

ond species diversity. Monitoring eelgross hobitot function con be

ochieved by studying populotions o[ such eelgross speciolists os the

eostern Pocific boy pipefish, Syngnothus lepto/rynchus.

My mosters' reseorch focuses on meosuring the ecologicol connectivity

of eelgross beds by investigoting the genetic populotion slructuro of
Syngnotfius ieptorhynchus in Borkley Sound, British Columbio. lwill
pressnt my findings of pipe6sh populotion boundories ond breeding
units. This will include on ossessment o[ the degree of connectivity
(gene flowl of the boy pipefish within ond oulside of o de locto morine

reserve, the Broken Group lslonds, Pociftc Rim Notionol Pork Reserve of
Conodo. The influence of seoscope feotures on gene flow will olso be

discussed-

Ponel 4D: fhe Son Juon County Morine
Stewordrhip Areo: A Locol Approoch to
Ecosystem-Botod Monogement
Choir: Jody Kennedy

Locoted ot the conyergence of Puget Sound ond Georgio Bosin,

the Son Juon orchipelogo is choroclerized by its rich diversity of
morina life ond is one of the best functioning morine system! in Pugel

Sound. ln respons€ lo regionol populotion pressures ond declining
heolth of locol morine species, County Commissioners declored the

county o Morine Stewordship Areo ond tosked the locol Morine
Resources Committee (MRC) with idenliiying volunbry ond regulolory
monogement meosures lhot would protect ond restore the morine

ecosystem lor the needs of wildlife ond humons. ln portnership with the

Northwest Slroits Commission ond The Noture Conservoncy, fte MRC

engoged scientists, monogers, citizens ond stokeholders in o shotBgic

conservotion plonning process, odopting The Noture Conservoncy's
sitebosed conseryolion oction plonning opprooch. The outcome is o
list of conservotion strolegies upon which to bose octions, meosuroble

benchmorks ond reseorch priorilias. To ba effective, the plon will require

o coordinoted effort o[ locol, slote, fuderol ond tribol monogers, fie
science community, stokeholders, ond citizens who reside ond vocolion
in the Son Juon lslonds. Ponelists will describe this locol opprooch
to Ecosystem$osed Monogement, the resulting shotegies ond the

necessory n€xl sleps for successlul implementotion.

Focilitotor: Jody Kennedy, Surfrider Foundotion2g



Ponel Members:
. Kevin Ronker, Son Juon County Council
. Jocgues White, The Noture Conservoncy
. Ginny Broodhurst Norfiwest Srroih Commission
. Kit Rowsoo Tulolip Tribec Son Juon Counly Morine Resources

Committee

Pqnel 4E: PCBg ond PBDEs in the Stroit of
Georgio Ecoryslem
Cfioirs: Pstric& Show ond Peler Ross

Concerns obout legocy contominonts in morine orgonisms in Puget

Sound ond tho Stroit o[ Georgio were focussed with the discovery of
hormful levels of PCBs ond elevoted levels of PBDEs in resident killer
wholes. Since 2004 o multiogancy effort hos been underwoy, with
funding from Environmenl Conodo's Georgio Bosin Action Plon, to look
ot sourcos ond fote o[ these contominonts in the Stroit of Georgio, ond
moking progress on modelling their movement in the environmenf.

Ponel Members:
r Pebr Ross, Fisheries ond Oceons Conodo
. Potrick Show Environment Conodo
. SopAio Johonnesse4 Fisfieries ond Oceons Conodo
. Robie /vlocdonold, Fisheries ond Oceons Conodo
. Mike Sonborne, UrMA Engineering td.
. Froak Go5os, Simon Froser University

Towqrds on Understonding of Sourcec, Fote ond Effects of
PCBs ond PBDEs in rhe Stroh of Georgio Ecosystem
Potrict Show, Environmenl Conodo
Peler Ross, Soplrio Johoanessen Robie A4ocdonold, Deporlmenl of
Fisheries ond Oceons Conodo
Fronk Gobos, Slmon Froser Univercity

While PCB levels worldwide hove declined wilh regulotory oction
ond reslriclion in use, their legocy persists in bioto within lh6 Skoit of
Georgio ond Pugel Sound ecosystem. This wos evident when it wos
discovered thot the honsboundory southern residenl killer wholes
were "the most PCB-contominoted morine mommols in the world".
Subsequently, reloted studies hove shown elevoted levels of brominoted
Ilome retordonts, polybrominoted diphenyl ethers (PBDEsl in both locol

seols ond killer wholes. A 2004 SETAC workshop ot Fridoy Horbor
Morine loborol,ory wos convened to develop plons for o PCB modelling
efbrt in Geoqgio bosin ond Puget Sound. Efforts since then hove led

to on increosed understonding of PCBs ond relotred contominonts in

this region. Funding through the Georgio Bosin Action Plon wos mode

ovoiloble in 2004 to study lhis issue in fie Stroil of Georgio. Portnering

with multiple ogencies, including Environment Conodo, Fisheries ond
Oceons Conodo, Simon Froser University, Greotrer Voncower Regionol

District ond Copitol Regionol Dislrict, hos generoled new understonding
of the loodings, history ond fote o[ these contominonfs in lhe Stroil. This

presentotion will describe the genesis o[ the project ond the octivi]ies
presently underwoy.

The Long Reoch of PCBs ond PBDEs in fhe Georgio Bosin:
Whot ore Blue Mussels Telling us?
Mike Sonbom, lnstilute of Oceon Sciences

Pot Show, Environmenl Conodo
Mork Yunker

Peter Ross, lnsritute of Oceon Sciences. FisAeries ond Oceons Conodo

Blue mussels lfiylilus sp.l ore sessile, filterJeeding shellfish lhot somple
the woter column for environmentol conlominonts. We meosured

congener-specific PCBs ond PBDEs in pooled mussel somples 6ol were

collecEd from 22 sites oround the Georgio Bosin. Somple sites were

selected to 'l 
) generote o spo ol overview o[ contominolion of fie

Georgio Bosin by bonned PCBs ond by currendy used PBDEs; ond 2)
comprise neorshore oreos odiocent lo moior humon use cotegoriet

including urbon, ogriculturol, induskiol, ond remota locotions. Tolol
PCB concentrotions in blue mussels ronge from 62 - 5472 ng/g wet
weight ond were dominoted by 6e penlo- ond hexo. congeners. Totol

PBDE concentrolions ronged from 32 - 1234 ng/g wet weight, ond
were dominoted by BDE-17 ond BDE-99 (occountingtor -7O% ol the
totol PBDE concentrotionsl. Principol componenh onolysis (PCA) of the
PCB ond PBDE doto reveoled little inter-sile voriotion, indicoting thol
PCBs ond PBDEs in the Georgio Bosin moy be lorgely influenced by

brood regionol signols rolher lhon discreet point sources ossocioted with
porticulor octivities. Deco-BDE wos detected in 100% of fissue somples,

indicoting its bioovoilobility to the morine food web. Blue mussels

ore o kaystone specias in the morine foodweb o{ the Georgio Stroit.

lncreosing concenfotions in this orgonism of currenlly used Persistent

Orgonic Pollutonts IPOPs), such os PBDEs, moy be on importont
borometer of future trends in the contominotion o[ higher trophic level

orgonisms.

Whot ore Horbour Seols Telling us About PCBs qnd PBDEs

in the Georgio Bosin Food Web?
Peler Ross, Fisheries ond Oceons Conodo
Donno Cullon, Universif of Viclorio

Jo[n Colombok;d;s, Coscodio Reseorch

Neil Dongerfield, FisAeries ond Oceons Conodo
Steven Jeffries, Woshington Deportmenf of Fisfi ond Wildlib
As high trophic level, non-migrol,ory mommols, horbour seols con
provide on integroted meosure of oquolic food web conlominotion
by persistent orgonic polluionls (POPS| in coostol regions. Our
spotiol rereorch indicotes thot Puget Sound horbour seols ore highly
contominoted with Olegocy' PCBs compored to Georgio Bosin seols.

However, while fie levels of unreguloted PBDEs ore higher in Pugel
Sound horbour seols compored to their Geo4gio Bosin counlerporls,
diflerences ore less pronounced thon for the PCBs (2x higher for PBDEs

compored to 7x higher for bonned PCBs), likely reflecting widespreod
cunent use of PBDEs in both BC ond Woshington. Horbour seol €food
boskets' indicote thot PBDEs ore now the 2nd ond 3rd ronked POP by
concentrolion in Puget Sound ond Georgio Bosin, respectively. Studies

using sloble corbon ond nitrogen isotope rotios reveol thot PBDEs

ore occumuloling more slowly in the horbour seol food web, possibly
reflecting currenl use, ropid conlominotion o[ shorterJived orgonisms
ot lhe botfom of the food web, ond/or the lorger moleculor size of
PBDEs relotive to PCBs, which moy impede trophic tronsfer. However,
the exponentiol increose of PBDEs in the region's horbour seols over the
posl trro decodes underscores the emergence of o new conservotion
threot ot fie lop of the coostol food web.

A Comporison of PCBs ond PBDEs in Stroit of Georgio
Sedimenlc
Sophio Johonnessen, Fisfieries ond Oceons Conodo
Robie Mocdonold, fisheries ond Oceons Conodo
Cy nthio Wdght, Controcfor
Albert von Roodseloor, Greol,er Voncouyer Regionol Districl

PCBs ore relict contominonts in coostol British Columbio, while PBDEs

ore in increosing use. Both closses of chemicol ore highly porlicle
ocliye, so coostol sediments provide o useful orchive of their hisloricol
ond current deposition. ln Skoil of Georgio sediments, PBDE congeners
47, 99, l0Q ond 209 predominote, os hos been observed in locol
bioto. The concentrotion of BDE-209 is generolly ot leost two orders
o[ mognitude higher thon thot of the others. Using swen sediment
cores collected in the Slroit o[ Georgio, we demonslrote how locol
sedimenl occumulotion ond mixing rotes offect the observed surfoce
concenkolions o[these contominonts. We discuss locol pothwoy: of
PCBs ond PBDEs ond compore fieir distribution, depositionol history,
ond likely future trends.
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Moss Bolonce Model of the Movement of Toxic
C,ontominonts in lhe Georgio Bosin Foo4Web
Fronk Gobos, Colm Condo4 Diego Nofrcle Simon Froser Universily
Peter Ross, Deprtmert of Fisheries ond Oceons

As port of the Georgio Bosin Modeling lnitiotive ond reloled initiolives
in BC to improve the monogemenl of bxic chemicols in Voncouver
Horbour ond the Stroight of Georgio, we hove conducted field studies

ond moss bolonce modeling studies to better understond the movement
of potentiolly toxic contominonls in lhe Georgio Bosin food-web. The

need for the study orose qs o result of observolions thot showed thot
concenlrotions of PCBs ond other conlominonls in Killer whqles of
the Georgio Bosin ore omong lhe highest concentrolions observed

worldwide. lt is expecled thot current concentrotions of severol
conJqminonts ore sufficiently high to couse odverse ef{ects in certoin
upper-trophic level mommols. To oddress this problem ond work lowords
solutions to reduce conlominont concentrotions in the GB food-web
we hove developed o preliminory model of the food-web tronsfer

of PCBs in the Georgio Bosin food-web. The resuhs show thot currenl
environmentol quolity criterio for the protection of oquotic life ore not

oble to protect higher trophic level species from the odverse effects
of PCBs ond possibly other biooccumulotive contominonts. Model
resuhs ore generolly consistent with PCB meosuremenls in Iree<onging
Horbour seols, olthough some voriotion in porerns ond omong siles

is evident. A strotegy for developing environmentol quolity criterio [or

biooccumulotive substonces thot ore protective of upper trophic level

species in the GB food<hoin is proposed ond the opplicotion of moss

bolonce models to improve environmentol quolity of existing substonces

ond chomicols of emerging concern ore discussed.

A Preliminory Moss Bolqnce for Selected PCB ond PBDE

Congeners in the Stroit of Georgio
Robie Mocdonold Fisheries ond Oceons Conodo
Brendo Burd, Reseorch Associolg lnsfilub of Oceon Sciences

Niel Dongerfield, Deportment o{ Fisheries ond Oceons
Sophio Johonnessen. Deportmeni ol Fisheries ond Oceons
Peler Ross, Deporlnenl ol Fishen:es ond Oceons
Pohict Show. Environmenl Conodo
Alben von Roodseloor, Greoter Voncouver Regionol District
Cynthio W right, Conlroclor

During the post severol yeors, we hove collecbd doto for PCB ond
PBDE congeners from medio in the Stroit of Georgio including woter,

sedimenls ond oir. Additionol meosurements hove been mode of
orgonochlorine composition in municipol effluent entering th€ Slroi, of
Georgio. Using these doto together with doted sediment core profiles,

ond building on o budget for sediment ond orgonic corbon in the Sroit
of Georgio, we will present o lirst estimote o{ budgetory componenls for
these conlominonh with the intenl ol estoblishing the dominont regionol
controls lor PCB,/PBDE cycling within this system.

Session 4F: Governonce in Tronsboundory
Ecosystem Monogement ll
Choir: Erik Korlsen

Collqborqtive Plonning os o Cotolyst for Tronsboundory
Environmenlol Governonce
Jomes Corrulherc*, Uoiversity of BrrtisA Columbio

lntemotiono/tronsboundory environmenlol issues ore increosing ond
goyernonce regimes ore inodequote to deol with them. Governonce

dimensions comprise: internotionol/tronsnotionol; slote/substole;
mo*eleconomy; civil socielyi ond individuol ogency. Colloborotive
plonning is proposod to enhonce goyernonce response to inlornotionol

tronsboundory environmenlol issues, ond exisling Georgio Bosin/Puget

Sound (GB/PSI internoliono/tronsnolionol environmentol governonce

regimes ore exominsd to illushote fiis potenliol.

Throo shortcomings of internotionol,/lronsnotionol regimes ore: (l )

lock of horizontol ond (2) verlicol coordinotion between regimes, ond

l3) lock o[ internol consensus within, ond enforceobility of regimes.

A conceptuol lronsboundory colloborotive plonning environmantol
governonce lromework is formuloted ond opplied to octuol GB/PS
governonc6 regimes, confirming thqt the three shortcomings axist

ond raduce regime effediveness, ond thot North Americon regionol
honsboundory governonce regimes tend lo be singleissue ond spotiolly

floworiented. Minimol scope ond depth is exhibited by GB/PS
honsboundory institutions ond individuol ogenls ore impeded by lock of
institutionol leveroge. The conceptuol fromework locks some necessory
ottributes ond is corrected. Recommendotions ore proposed for using

colloborolive plonning to improve GB/PS internolionol/konsnolionol
governonce ond for further reseorch. Contribution to colloborotive
plonning knowledge is mode by showing thot colloborotive plonning
con oddress internotionol ond lronsboundory environmenlol issues.

Environmentol Governonce in Georgio Bosin/Puget Sound:
the Roles of Tribes ond First Notions
Soro Singlelon 

*, Gorrett Bouldin, Weslern Wosfiinglo n Universily

The proiact onolyzes the effect of the exponding role o[ First Notions/
Notive Americon tribes in environmentol ond noturol resource plonning

processes offecting tronsboundory environmentol resources ond
problems- A primory gool o[ fie study is to provide monogers on both
sides of the border wilh o beter understonding of the constroints within

which eoch operoles in terms of the obligotions ond opportunities

creoted by oboriginol lreolies ond/or heoty negotiolions. The proiecl
looks ol how monogement responsibilities ore shored omong tribol
nontribol monogers, including the differencey'similorities on either side
o[ the border; ond how the inclusion of tribelirst notions is offecting
other colloborotive plonning processes orgonized by federol ond stote/
provinciol monogers. The proiect focuses on current processes lo plon

ond implemenl morine protected oreos {MPAs) in ond oround the Puget

Sound/Georgio Stroit tronsboundory morine zone.

Lessons in Accountobility ond Governon€€ of Lorga-Scqle
Ecosystem Recovery Ef f orls
Kothy Fletcher', People For Puget Sound

The US Generol Accountobility Office hos been severely criticol

o[ lorgascole ecosystem recovary eflorls in Chesopeoke Boy, the

Everglodes ond tha Greot lokes, becou* of lock of occountobility fot
resulls ond the obsance o[ effecfive governonce struclures. This issue

wos {will be) explored by rapresentolives of GAO, the Greot lokes,

the Gulf of Mexico ond Son Froncisco Boy ot the Reslore Americo's

Estuories notionol conference in December 2OO6 in o ponel lto be)
moderoted by the outhor. Whol con we leorn from these discussions,

ond how con we opply the lessons leorned to Puget Sound?

The lntemotionol Wotersheds lniliorive
Commissioner lrene Brooks *, lnlernolionol Joint Commission

Populoiion groMh ond urbonizotion, climote chonge, ond chonging
uses of woter pul nevv shesses on wolrarsheds. These, olong with
pollution from both oir ond lrom lond uses, ond exotic species

Populolion growlh ond urbonizotion, climole chonge, ond chonging
uses o[ worer pul new stresses on wolersheds. These, olong with
pollution {rom both oir ond from lond uses, ond exotic species

introduclions bring o continued ond growing threot to woter supply ond
quoli!, hobitot, ond biologicol diversity within wotersheds. To better
meet these chollenges in the boundory wolers shored by both the United

Stotes ond Conodo, the InternotionolJoint Commission {UC), in its 1997
publicotion entitled The IJC ond the 2lst Century, proposed the creotion

of inbrnotionol wotershed boords. The UC is o binotionol Conodo-U.S.
orgonizotion creoled by the Boundory Wolers Treoty of 1909, ond is

independent of the Conodion ond U.S. Governmenls. Wi* its successful

hislory ond over lwenty binotionol boords ond tosk forces octiva in

boundory woters from the Pocific to the Atlontic, the IJC is in o unique
position to konsform some in vorious bosins into ec+system bosed

2A



wotershed boords. Such boords would odopt on integrotive, ecosystem

opprooch to tronsboundory woler issues, involve locol interests, ond
build locol copocily ot the wqlershed level. They would offer o proven

meons for deoling with situolions o[ osymmehicol go.rernonce in the
two countries ond on improved mechonism for ovoiding ond resolving
tronsboundory disputes. ln 1999, lhe governmenls gove o reference to
the llC to odvonce the concept. ln repo*ing on its further development
of the concept, ond progress on the developmenl of wotershed copocily,
the UC published Tronsboundory Wotersheds in December 2000
ond A discussion poper on lhe lnlernolionol Wotersheds lnitiolive:

Second reporl to the governments of Conodo ond the United Stotes in

June 2005. The presentolion will olso cover progressive steps of the
internotionol wotersheds initiotive, porticulorly in the Sl. Croix, Red, ond
Roiny River wotersheds.

Tides of Chonge: Ploce Meonings qnd Sociol Ecologicol
Systems in the Broughton Archipelogo
Moflrew Bowes *, University of Victorio

Understonding the concepls of "ploce" con enoble noturol resource
monogers to inlerpret more cleorly the relotionships people hove to the

lond. However, inclusion ol "ploce" in the dominontly lechnicol milieu of
plonning olten poses interesling problems in oppropriote ond sensitive

representotion.

ln lhis quolitotive study conducted in the Broughlon Archipelogo neor
ths north eoslern lip of Voncouver lslond, mopbosed interviews enobled
norrotive doto to spofiolly represent sense of ploce or londscope
meonings ond volues. This technique creoled o perceptive ond
creotive medium for the elicitotion ol londscope volues which reveoled

socioeconomic ond environmentol tronsformolion.

As the greoter story of ploce meonings in the Broughton Archipelogo
unfolded os solmon emerged os o symbol of the culturol londscope,
ecology ond economy of the Broughlon Archipelogo. Moreover, solmon
surloced os o metophor for trodilionol rurol livelihoods ond o woy of life
bul olso for globolizotion ond ils processes. Such symbols becomo more
importont when lhreotened ond the consequences o[ the loss o[ solmon
chollenge the resiliency o[ o complex sociol ecologicol system in the
Broughton Archipelogo. A coll for odoptive monogement emphosizes
feedbock from tho environment ond the stote of the resource through

sociol ond ecologicol memory over time lo develop policy. Moreover,
sociol nelworks thot inform eoch other lrom o wide ronge of locol ond
inlernolionol governonce creote on overoll odoplive govemonce system.

Estuories, ond the Entire History ond Fulure of Humcns on
Eorth
Dwid Henry*, Podillo Boy Nolionol Estuorine Reseorch Reserve

Estuories hove been the gothering spot for humon civilizotions for
9.000 yeors. Will they conlinue to be? The historicol use of estuories

by humons is lroced through time to present doy estuory megocilies.

A review is given o{ humon impocts lo estuories ond scenorios lor the
future, including solutions for fia pr6senl siluolion.

Session 5A: Point Source Pollution: Outfollr
Choir: CAristionne Wilhe,mson

Siting o New Woslewoler Tre.rtment Fociliry Morine
Outfolk o Comprehensive, Ien-Yeor Study
Scoll Mi':kelson', King Counly Morine ond Sediment Assessmenl Group

Populotion growth in King County necessitoted plonning o now
wostewoter treotment plont with o morine outloll to Puget Sound. The

Counly undertook o ten-yeor progrom of studies designed both lo
oppropriolely locote $e morine outfoll ond to meet ouiloll leose ond
permil requirements.

Field studies begon in 1998 to evoluote polentiol sites for the

outfoll. Physicol oceonogrophy studies included deployment of
current melers, drift cords, ond drogues, olong wifi fluorescent dye

releoses. Submorine geophysicol studies included sidescon sonor,

suEbottom profiling, high+esolution seismic ra{lection, ond precision

bothymetric mopping. Neorshore ond offshore woter quolity studies

included onolysis of microbiologicol, convenlionol, metol, ond orgonic
porometers. Offshore woter<olumn proffling olso included o primory
producfivity study. Neorshore hobitot studies included vegetotion ond
subskole mopping with sidescon sonor ond videogrophy, olong with
biolo surveys o[ geoducks, spot prowns, ond foroge ftsh.

lnformotion from these studies wos used in the proiect eruironmenlol
impoct stotement ond the site selection process. The finol outfoll site

wqs chosen in December 2003, ot Point Wells on the King/Snohomish

county line.

Boseline sludies per{ormed lo meet outfoll leose ond permit requir6m6nts
included sediment chorocterizotion ot the outfoll diffuser, neorshore

benlhic inlouno choroclsrizo]ion ot the oufoll construction trench, on
intertidol bioto survey, on eelgross survey, o Dungeness crob survey,

ond woler column monitoring.

Estimoting the lmpocts of Domeslic Dischorges to the
Oceon - A Cose Study from lndion Arm
lon Dyck', M.Sc., PEng., WorelyPorcons Komex

Stephen Pond, Ph.D,, Un'versity of British Columbio
Don Dunbor, Ph.D., Lorax Environmenfol Services [fd.
Alexi Zowodzki, M.E.S., WorleyPorsons Komex
Joy rl4cNeg, Ph.D., Lorox EnvironmeniolServices [td.
Peler Howlond, B.Sc.. WorleyPorsons Komex

lndion Arm is o smoll fiord connected to Burrord Inlel which enters

the Skoit o{ Georgio; togather they ore Voncouver Horbour. A study
to investigote the dischorge of domeslic woslewoter inlo lndion Arm
ulos initioted by the Voncouver Port Authority, the ogency responsible
for dischorge of effluent into the Horbour. Funding for the study wos
provided by the Burrord lnlel Environmentol Action Progrom. The

study included hydrologic, sediment ond nutrient looding ossessments,

combined with modelling to ossess potentiol impoct ond mitigotion of
future effluent looding. Exisling dischorge wos estimoled ot 64 homes

dischorging 95 m3/doy ond o future worsl cose dischorge scenorio
wos estimoted ot 233 homes dischorging 380 m3/doy. Hydrologic
onolyses indicoted thol the 380 m3,/doy represents <0.06% of l0G
yeor dry weolher freshwoter inputs to lndion Arm. Annuol elfluent
sedimanl wos estimoted to be <0.03% of noturol sediment. For worsl
cose nutrienl inpult domeslic effluent would occount for 5.4% of nitrote
ond 8.7% of phosphoie inputs to fie surfoce loyer. A 2-D (ve*icol ond
olong chonnel) model ol Arm circulo on ond o locol dilution model
were used for o ronge of dischorge scenorios. Th6r€ is little potentiol
lor occumulotion o[ woslewqler consliluents wi6in lndion Arm, provided
oufolls dischorge oi l0 m depth.

tinked Bioric/Gcochemicol lndicotors of Orgonic
Enrichment: Cosc sludy Using o Ubiquitous Bivolve
AlSert von Roodseloor, Greoler Voncouver Regionol Disfict
Srendo Eurd*, Ecoslol Reseorch hd

The observotion o[ certoin shell stoining potterns lor o smoll ubiquitous
bivolve in the southern Shoit ol Georgio con be directly reloted to
sediment geochemicol chonges due to orgonic enrichment. The

relotionship depends on bockground levels of cerloin redox metols os

well. The distribufion of shell stoining lypes responds in o somewhot
sporodic monner until o threshold level o[ geochemicol chonge (os

meosured by AVS) is reoched, bayond which the chonge is ropid ond
dromotic. The stoining potterns ore dilferent in scole for odults ond sub
odults.

The shell stoining moy be o uselul indicotor of temporol po]terns of
geochemicol condilions over the lifespon of the birolves. Horvever,

the usslulness of this shell indicotor would be greotly enhonced by the

concurrent understonding o[ the toleronce o[ ihe species to vorying
lwels of orgonic enrichment. This is discussed in context with ofier
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importont hobitot constroinls using multi-yeor doto from ombient ond
outfoll monitoring progroms from the soulhern Stroit o[ G6orgio.

Subtidol Benthos of lhe Southern Stroit of Georgio in
R.elotion to Noturol ond Anthropogenic Porticulote
Seidmentotion, Tronsporl ond Buriol
Brendo Burd*, flobie Mocdonold, Sophio Joironnessen, lnsltute of
Oceon Sciences

Phillip Hill, Nofurol Resources Conodo

Doto on the soffbofiom communities o[ tha southern Stroit of Georgio
hos been occumuloling from vorious studies ond monitoring progroms

wer the post 25 yeors. These doto hove been colloted into o dotobose
cross-linked using o loxonomic coding system devaloped for BC. As

port of the GVRD/DFO/NRCon colloborotive Ambient Monitoring
progrom for the Sroit, biotic pottorns will be ossessed in relotion lo moss

bolonce models o[ orgonic ond inorgonic cycling, sedimentotion ond
buriol in the stroit, os well os potterns o[ contominont distributions.

As port of this exercise, the relotive importonce to the bioto o[ the moior
drivers in the sedimentory ecosystem will be discussed, including; the
Froser River; oceon dumping; outfolls; multiple dischorge sources in

Burrord lnlet; unquonfifioble pot6n]iol hozords such os bonom lrowling
or dredging, methone saeps, slope foilures, elc.

Session 58: Morine Debris Removol Progromc in
Woshington
Choir: Girury Broodhurst

A Tool for Locol Agencies: the Derelict Vessel Remowl
Progrom
r\4elisso Montgomery*, Soroh Dzinbol, Woshington Srore Deporfment of
Nolurol Resources

Abondoned ond derelict vessels oflen pose hozords to novigolion,

detrocl from the oesthetics of our wqlerwoys ond lhreoten lhe
erwironment with the potentiol releose o[ hozordous moteriols. The

2002 Legisloture possed the Derelict Vassal Act, which provided

the bosis lor the Derelict Vessel Removol Progrom. Administered

by the Woshington Deportment of Noturol Resources, this progrom
prwides locol ond certoin slole government enlilies wilh lhe outhority
ond lunding to resolve derelict ond obondoned vassel issues wi]hin
$eir iurisdictions. The progrom is funded primorily by o $2 fee

on recreotionol vessel licensing. Since the progrom's inceplion,

opproximotely 200 vessels hove been successfully removed.

The derelict vessel stotutes {RCW 29.100) outhorize cortoin entities to
toke temporory possession o{ vessels in donger o[ sinking or breoking

up ond therelore ollow vessel removol in colloborotion with emerg6ncy
response by Ecology ond the US Coost Guord.

Tha 2006 legisloture improved the derelict vossel slotutes by moking it
o misdemeqnor fo couse o boot to become derelict or obondoned ond
by ollowing vessel owners to request o heoring to chollenge o cuslody

decision. Though chollenges still remoin, this progrom is o uselul tool
thot ogencies con use to resolve derelict vessel issues.

Survey ond Removol of Creosote Debris from the
Nodhwesl Stroits
Liso Kou[mon*, Woshington Slote Deportment of Noiurol Resources

Ginny Broodhurst, Nortfi wesf Stroih Commission

The Woshington Deportment of Nolurol Resources {DNR) ond
Norlhwest Shoits Commission (NWSC) ore working to remove creosote
ond other treoted wood debris from beoches throughout the Northwest
Shoits.

Wood debris nolurolly occurs on beoches throughout the Northwest
Skoits region. A significont portion of this debris however, comes from

derelict piers, docks ond other structures ond is heovily loden with

creosole. Creosote conloins severol hundred chemicols, mony of which

ore known lo be hozordous. Creosole wood debris exposed lo the sun

ond alemenls on the shoreline ls potentiolly hormlul to foroge ffsh ond
other morine life thot utilize the beoch for spowning.

lnitiol field surveys showed opproximotely 20.30% of occumuloted
wood debris ot some siles wos lreoted wilh creosote. Further surveys

ond removol operotions hove produced doto on octuol tonnoge of
creosote ond other treoted wood debris ot levels obove initiol es motes.

Mops ore being produced thot illustrole different occumulotions ot
di[[erent sites.

Since 2002, this portnership hos removed over 600 tons of
contominoled moleriols from shorelines in o highly cost effective mqnner.

Surveys utilized troined volunteers ond collected doto on GPS units.

Removol operotions employ work crews ond either borges or helicopters
to konsport wood lo disposol conloiners. DNR is olso removing creosole
pilings lhroughout Puget Sound in order to eliminote o moior source of
this morine dabris.

The lmpocts of Derelic Fishing Geor to Species ond
Hobitots in Puget Sound
Ginny Broodhurst*, Nodhwest Slroils Commission

Je# June, Noturol Resources Consultonts

The Northwest Stroils lnitiotive developed o derelia fishing geor survey
ond removol progrom in Puget Sound with funding lrom Federol,
Tribol, Stote, ond locol governments ond privote foundotions. lnitiol
occomplishmonts included esloblishing protocols for sofe geor removol
ond o reporting syslem for fishermen ond the public to report lost geor-

Over the post hw yeors ihe progrom hos focused on removing geor
ond quon fying the impocts thot derelict is hoving lo the Puget Sound
ecosyslem. DuringlT3 doys of removol effort, divers hove removed
{61 dErelict nets covering 94 ocres of hobilqt ond contoining l3 deod
morine mommols, lll deod seo6tds,779live ond deod ftsh ond
4.971 live ond deod invertebrotes. Of 1,179 derelict crob ond shrimp

poh removed, 397o were still octively fishing ond contoined 1,690
live ond 334 deod crob ond olher onimols. These numbers provide

iust o snopshot in fime ol lhe species being hormed by derelict geor-
New mothods lo genaticolly identify bones ore providing improved

understonding of which bird speci6s ore most impocted by derelict
nels. ln oddition to entongling onimoll derelict nels ond pots frequently
smother ond degrode lha morine hobitots in which they were lound ond
pose sofety threots lo humons.

Out of Sight, Out of Mindr Derelic Fishing Geor ond its
lmpocts on Morine Founo of lhe Puget Soun4Georgio
Stroit Bosin
fhomos Good*, NOAA/NM FSINWFSC
Jetfray Jung Noluro/ Resource Consuhonk, lnc.
Mike Etnier, Applied Osteology

Derelict lishing geor-lost or obondoned commerciol ond recreolionol
lishing nets, lin6s, pols, ond trops thot sil or floot underwoter-con
remoin in the morine environment for yeors. Unseen ond thus lorgely
unquoniified, this type of morine debris con trop ond kill o voriety of
morine orgonisms. Recovery ond removol of derelict gillnets ond crob
pots ond trops from Puget Sound ond the Stroits of Georgio ond Juon de
Fuco since 2002 hos enobled us to document the copture ond mortolity
o[ morine toxo. Specimens collected during geor recorery ore identified
to the lowest possible loxon ond enumeroted: os nets ore houled
onboord; during loborotory dissections; ond,/or using osteologicol
chorocters for skulls ond post{roniol moteriol. The proportion of
orgonisms found deod voried omong toxo: morine mommols (100%);

birds (100%); fishes (25%); ond invertebrotes (15%). To explore the risk

to morine founo posed by derelict geor lhroughout the region, we ore
investigoting lhe influence of geor locotion, hobitot type, woler depth,
net lype, yintoge, length, heighl, ond fishing obility o[ derelict gillnets on
the number, identity ond disposition (olive or deod) o[ morine orgonisms
found in recovered derelict geor. Derelict geor recovery from hotspots



for morine founo IMPAs, houlout sites, wildlile refugres] os well os
ganatic onolyses of bones will refine onolyses to eslimote the impoct of
darelicl geor mortolty lor regionol morine toxo os well os species o[
conservolion concern.

Session 5D: Dynomics of Gorry Ook Plont
Communities
Cfioir: Woyne Erickson

Origins ond Su*oinobility of Son Juon Archipelogo Gorry
Ook Populotions
Modrono Murphy*, Russel Bqnh, KWAHI
Despite the growing interest in "releosing" older Gorry ooks in the

Son Juon Archipelogo using claoring ond prercribed burns, our
understonding of their history ond ecology hos been bosed on
ossumplions lrom other ook populotions in the western U.S. lt is

widely perceived thot ookdotted grosslonds preceded Douglos {ir
forests in the Son Juons, eithar "noturolly' or os o resuh of fire.stick

monogement by Coosl Solish peoples, ond will regensrote if "releosed"
from the surrounding firs. Studies of regionol pollen records, ond our
cbmporotive studies of contemporory ook groves on Woldron, Son Juon,

Orcos ond Somish lslonds roiso questions obout thBse ossumptions.

Ook obundonce hos declined in the region for millennio; while Coost
Solish people moy hove encouroged groves in the post, todoy's islond
populolions hove been influenced more by l9lh century logging ond
plonfing. Releosing older ooks does not oddress the issue oI recruitment
in on orchipelogo locking in most coching onimols. Wilhout o focus
on recruilment recommendotions hove olso ignored lhe growing
obundqnce ond diversity ol ook porosites, which hos ottroctad ottention
on Voncouver lslond. Other imporlont endemic trees, e.g. cedors ond
orbutus, historicolly lormed o lorger porl o[ the islonds' londscopes, but
their decline oltrocts less ollenlion.

fhc Role of Locol Environmcnlol Conditions ond Londscope
Context in Determining Plont Diversity ln Gorry Ook
Ecosystems on Souheostern Voncouver lslond
Potrick Lilley*, Mork Vellend, University of British Columbio

Throughout the Georgio Bosin Puget Sound region, humon lond use

potlarns ore converting noturol ecosyslems to frogmenled networks of
hobitot potches. On southeostern Voncouver lslond, the endongered
Gorry ook (Quercus gorryono) ecosystem hos been frogmenled by
urbon davelopment, ogricuhure ond loresky such thol less lhon I-5% of
the ecosyslem remoins in o neor+roturol stote- Mony of the remoining
polches o[ Gorry ook ecosystam exist os Ehobitot islonds' in porks ond
protected oreos. These hobitot potches ore cruciol reservoirs for lhe high

plont species diversity chorocleristic o[ this ecosystem. However, potches
vory substontiolly in their locol environmentol conditions os well os their

size ond position within the surrounding londscope. Designing effective
policies lo conserve species con benefit from o thorough understonding
of how environmenfol chorocleristics ond londrope contexl influence
species distribufions ond divenily.

We surveyed plont community composition ond diversity in 43 Gorry
ook hobitot potches thot vory in iheir topogrophy, lree cover, soil

conditions, oreo ond connectivity to ossess the relotive imporlonce ol
these foctors in in{luencing plont distributions ond diversity potterns. The

resulting onolysis pro,rides o fromework to ossess the volue of existing
protecled sites, prioritize new sibs for proleclion, ond generote new
hypotheses lor fulure experimenhl work on loclors thol conkol plont
populotions ond community dynomics.

lnvoding Geese Focilitote lruoding Grosses in Conodo's
Gulf lrlqnds Notionol Pork Reserve
Rebecco Eest*, Peier Arcesg Uiverci\ of British Columbio

Nonrotive Conodo geese hove been nesting in British Columbio's Gulf
lslonds since lhe 1980s, ond ore ollering rore islond plonl communities

through grozing ond seed dispersol. Some of fie best remnonts of
Gorry ook ecosystem, these islonds currently hove high obundonces
of nofive plont species but ore ropidly being invoded by nonrotive
grosses. Using open ond exclosed plots ot l9 sites on eight smoll

islonds, we found thot geese leed selectively on those grosses, ond thot
the grosses produce more slems under grozing. By gorminoting seeds

from goose feces, we olso found thot geese con disparse lhe seeds of
these grosses in lhet guts. While lhe non-notive grosses benefit from the

novel grozer, notive forbs not odopted to compelition under grozing
ore declining on fiese islonds. Although theory suggesh fie grosses

should be limiled by o selective enemy, our results show thot coevolved
gross ond grozer strotegies con benefit multiple non-nolive species ond
degrode notive communili6s.

Session 5E: foxic Looding fo the Mqrine
Environmenl
Cfioir: Scolt Redmon

Development of on Empiricol Worer Quolity Model for
Stormwoler ond Wotershed Lon4Use in Puget Sound
Chrislopher Moy*, Jill Brondenberger, Volerie Cullinon, Bottelle Pocific

Norlhwesl Noliono I Loborolory
Roberl Johnslo4 Pugel Sound Novol Shipyord
Solly Lowrence, Woshington Deporlment of Ecology

A wotershed$osed ossessmenl ol stormwoter pollution in lhe
Sincloir -Dye lnlet wotershed wos conducted os port of lhe Proiect
ENVironmentol lnVESTment (ENWESTI being conducted by the Puget

Sound Novol Shipyord in cooperolion with the U.S. Environmentol

Protection Agenc, Woshington Stote Deportment of Ecology, the
Suquomish Tribe, Kitsop Counfy, the City of Bremerton, the City of Port

Orchord, ond other locol stokeholders. The gool o[ this study wos to
identily stormwoter pollution problems within the Sincloir-Dyes lnlet
wotershed ond to develop ond empiricol model of the ralotionship
belween slormwoter pollution ond worershed lond-use. This sludy
quonlifies slormwoter pollulion bosad on extensive monitoring ond
sompling progrom- Doto from this effort is then used to develop on
empiricol model reloting slormwoter pollulon to lond-use ond lond-
cover chorocteristics. In this monner, woter!uolity poromelers con be
estimoted for the entire wotershed wilhout hoving lo monitor oll sources.

As port of this study, on integroted wotershed+eceiving woter model
wos developed lo predict pollulion lwels lor o wide ronge of lon4use
scenorios. This study wos conducted to provide the technicol informotion
needed lo continue current woter quolity cleonup efforts ond to help
implement future efforts lo protect ond restore beneficiol usas. This

opprooch holds greot promise for use in olher oreos of Puget Sound.

Urbon Toxics Lood to Puget Sound - A First Approximotion
Gory Minnn*,Siero Club, Coscode Cfiopier
Sleve Rude4 Woter Quo,ity Consulbn,

Tha ourhors hove used reodily ovoiloble informotion b develop
on onnuol looding estimote of key pollutonts from primory urbon
sources. A looding estimote wos first mqde for the City of Seottle. The

eslimolgs were mode for three primory sources: public wostewoter
dischorges, stormwoter runoff, ond combined sewer overflows. The

pollutonts considered were fecol coliform, phosphorus, nitrogen,
oggregole melols, pesticides, ond petroleum hydrocorbons. The

simple spreodsheet model generotes loodings bosed on known
volume dischorges ond concenholions (CSOs ond wostewofer plonls),
or ocreoges ond per unit ocre loodings (stormwoter). A per copito
looding wos colculoted knowing the populotion ol Seottle. The toiol
urbon looding wos eslimoled by multipllng the totol urbon populotion

ol the Puget Sound wotershed times the per copilo looding estimoted
lor Seottle. The totol urbon populotion wos obtoined from U.S. census

inlormolion updoted to 2005. The outhors will olso discuss the weok
points o[ the estimoted loodings ond recommendotions on ffeld reseorch
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to beher define key elements to improve looding estimotes.

Prcliminory Estimotes of Toxic Conlominont Looding to
Puger Sound
Jomes Mqroncelli*, Deponment of Ecology
Scoft Redmon, Puget Sound Action Ieom

The Puget Sound Porlnership ond its odvisors hove recommended fiot
ellorls to reduce toxic contominont looding to Puget Sound be guided
by o better understonding of the moior pothwoys by which toxic
conlominonts enter Pugel Sound ond ore lronsfered through the Sound.
ln response to this recommendolion, lhe U.S. EPA ond Woshington Stote

Deporlment o[ Ecology hove ogreed to undertoke o proiecl to develop
preliminory estimoles of the looding of toxic contominonts to Puget

Sound. This proiect, to be initiotBd in lote 2006 ond completed by mid.

2007, will use existing informolion lo estimote lor identify the borriers lo
€stimoting) toxic chemicol loodings lrom dir6ct+o-Puget Sound dischorge
of industriol woslewoter, effluent from sewoge lreotmenl plonts,

slormwoter from municipol stormwqter monogemenl systems, stormwoler
from industriol focilities. To tho exlent possible, this proiect will olso
ottempt lo chorocterize loodings o[ toxic chemicols lrom dischorge of
mojor rivers ond streoms, otmospheric deposition b the woters ond
tidelonds of Puget Sound, non-point runoff, groundwoler dischorge,
migrotion of bioto, ond trons{er to ond from bottom sediments. This

presenlotion will describe the types of doto thot ore ovoiloble for the

proiect, the estimotion opprooches used, ond preliminory estimotes o[
loodings from the vorious sources ond pothwoys.

The Permiftod looding of Toxic Constiluents to the Puget
Sound Bosin
Jomes rMoroncelli*, Noncy Winlers, Gory Boiley, Deporlment of
Ecology

The Woter Guolity Progrom of the Woshington Deportmont of Ecology
reviewed ovoiloble inlormolion to quontily the permitted dischorge
of loxic consliluents into the woters of lhe Puget Sound Bosin. The

reviewed informolion included NPDES poinfsource individuol non-

slormwoter permits ond the monitoring doto submitted by permittees

vio their Dischorge Monitoring Reports. The review found thot o
relotively smoll number of permils existed thot identified dischorge
limils for toxic consliluents, though more of them did require periodic
monitoring for loxic constituents. The colculoted permitted loodings
must be considered reosonoble moximo for the pormiltees becouse
lhe design flow informolion in the permits ond the occomponying Foct

Sheets often indicoted o much greoter potentiol flow thon the permittees
lypicolly reported os octuol flow. Also. since Ecology permit monogers
hove typicolly crofted permits to closely fft the specific operotions ond
dischorge chorocterislics o[ eoch [ociliry the extroction ond oggregotion
ol comporoble doto wos often difffcult.

Mixing Zone Contributions of Persislenl Biooccumulotive
Toxic Chemicols into Puget Sound
Heother Trim 

*, People For Puget Sound
Aano Yosf Jennifer Pengilly, Wn- Loird O'Rollins, Ado Honilror+
Universiry oI Wosfi ingion

Mixing zones ore currently permitted for wostewoler dischorges inlo
Puget Sound ond its droinogas. Mixing zones ore roughly sphericol
dilufion oreos in woterbodies oround dischorge pipes in which
conlominotion levels ore ollowed to be higher thon woter quolity
stondords. Mixing zones in Pugel Sound ronge in size from o few feet
to 1600 feel in diometer. Complionce wilh permit limiiotions is required
ot fie edge of mixing zones. P€rsistenl biooccumolotive toxic IPBTI

chemicols ore of concern in these oreos becouse of their potentiol to

odversely impoct the food web ond to occumulote in solmon, seols,

orcos, ond other species. Contominonts in permitbd dischorges with
mixing zones in Puget Sound include orsenic, chromium, copper, zinc,

PCBs, ond dioxin. PBDEs ore o huge unknown ond ore nol oddressed.
There ore over 1000 permitted dischorges in Puget Sound, including

over 100 sewoge treolment plonl outfolls - most wilh mixing zones
ollowed. The eliminotion o[ mixing zones in Puget Sound could be o

strolegy lor reducing the horm from PBTs. An oggressive source conkol
progrom is needed.

Sescion 5F: Genero! Monogement ond Plonning
Approoches/fook
Cfioir; Scolt Erewer

Proiecring Buildour Conditions in the Hood Conol
Wotershed: lmpervious Surfoce Estimotes for Wotershed
Plonning ond Solmon Recovery
Grelchen Pelerson *, Peterson GIS

Scolf Erewer, Hood Canol Coordinoting Council

An importont indicotor of wotershed heolth is the rolio ol impervious
surfoce lo londoreo. ln order lo contribub to summer chum golmon

recovery plonning, reseorch on how much impervious surfoce oreo con
be expected Ior o given lond uso olong with o rigorous error onolysis
wos corried out ond will be presentod. A model of future lond use given
zoning regulotions ond current lond uses wos subsequently doreloped
thot used the impervious surfoce rolios os on input. From this model,
estimoles of future impervious surfoce quontity within the wolersheds o[
the Hood Conol summer chum hobitot were derived.

Dolo {rom lwo counties in Woshinglon Stote conloining more lhon
44,000 porcels were onolyzed in coniunction wilh sfleier impervious
surfoce doto ond zoning delineotions within o geogrophic informotion
system. The impervious surfoce rotios in the study oreo ronged from 0%
lo 52'/" Ior lhe vorious lond use groups. Wotarshed impervious surfoce
estimotes under buildout conditions ronged from O% to 32%, with some

wqtersheds increosing in impervious by more lhon 5O% while others did
not chonge significontly. Colculotions for riporion corridors, neorshore
zones, ond estuories were olso computed. Mops of he onolysis oreos
ond their results will be shown.

Lond Use Permit Trocking: Monitoring ond Evoluotion
o[ tond Use Regulolory Progroms for Solmon Recovery
Plonning in Hood Conol
Scotl Brewer*, Hood Conol Coordinoting Couacil
Grekhen Peterson, Peterson GIS
John Kliem, Creotiye Community So/utions

As port of the implementotion ol the Hood Conol ond Eostern Stroit
ofJuon de Fuco Summer Chum Solmon Recorery Plon (Plon), HCCC,
working with County ond Tribol stoff, is pursuing o trocking system for
the regulotion ol lond use ond development. The intent of this opprooch
is to gother informotion lrom eoch iurisdiction; sum up lhot informotion
ond lhose trends ot lhe regionol scole; ond ossess significont deportures
from current lond use regulotions. The HCCC is currenfly ossessing

the mognitude of lhose differencas ond woys lo overcome them. Also,
there is no currenl system in ploce thot con oggregote dolo ond ossess

kends ol the ESU scole. This is criticol becouse fie Plon onolysis of
regulotory progroms (build-out onolysis ond regulobry progrom review)
concludes thot current lond use regulotory regimes ore odequote to oid
summer chum solmon recovery. But, this is the cose only if those regimes
ore mointoined. lf signilicont reloxolion of fiose current rsgulolions
tokes ploce, *en thol ossumption of odequocy moy be undermined.
To oddress this issua, the design ond implementotion of o lond use ond
development permit querying syslem is in development. The following
questions con then be discussed: | ) con o system be developed
thot hocks lond use ond developmenl orer time?; 2) how doas the
informolion impod Plon implemeniolion ond development?; ond 3| con
this informotion be used to updote lond use codes, regulotory progroms,

ond offect implementotion policy?

Ecosystem Stotur ond Trends Asiessmenl
Robert Ronkin 

*, 
Riso Smitfi, Environment Conodo
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The Biodiversity Working Group of the Conodion Council of Resource

Ministers is in the eorly stoges of preporing o sciencebosed ossessment

of Conodo's ecosystems. The Ecosystem Slotus ond Trends Assessment

{ESTA) will provide on integroted ossessmenl of current stolus, emerging
trends ond significont stressors of Conodo's ecosystems- lt is intended
to coniribute recommendotions for o notionol syslem [or ecosystem

moniloring ond stotus ond irends reporting, to odd on ecosystem

component to species ond protected oreos ossessmenb olreody
completed ond to provide informotion on Conodo's contribution
towords the 20'10 globol torget lo reduce the rote o[ biodiversity loss.

As port o[ the preporotory work for the ESTA we hove surveyed o
wide ronge o[ experts on ecosystem bosed indicotors currenlly in use

in Conodo, the temporol ond spotiol extent o{ doto to supporl them

ond criticol gops in informotion necessory lo understond the stqtus o[
our ecosyslems. The results o[ this survey will presented olong with
on onolysis on how these results will be used to develop the ESTA. A
discussion with the oudience on tha survey results ond their relevonce to

other ecosystem bosed ossessments will be encouroged.

Use of Coost Solish Knowledge in Eorly Studies of Pociffc

Solmon Zoology, I855-1860
Russel Borsfi 

*, KWAHT

Ethnoscience, or the study of indigenous, tribol ond locol knowledge
syslems, developed os o discipline within cuhurol onthropology
ond psychology in the 1950s. However, one pioneering study by
Americon noturolists in the Solish Seo relied upon locol knowledge o
century eorlier. ln their efforts to compile o comprehensive zoology
of the solmonidoe of the Pociffc Coost, members of the Northwest
Boundory Commission's scientific leom6Dr. George Suckley, Dr. C.B.R.

Kennerly, ond George Gibbs6ossiduously compiled the views of o
dozen Norlhwest nolive peoples on the toxonomy ond behovior of
solmonidoe, including extensive vocobulories in Coost Solish longuoges.

Notive knowledge wos used in mony instonces lo resolve issues o{
toxonomy, os well os determining which specimens were iuvenile forms
of species originolly known only from observqtions ol oduhs. Edited
tronscriptions of the teom's field noles ond correspondence, soon to

be publlshed for the first time, offer insights inlo the noture ond extent
of Coost Solish peoples' understonding of solmonid biology ond its
influence on 'l9th century Pocilic Coost zoology. They olso provide o

boseline {or the spotiol distribution ond onnuol timing o[ solmonid runs

150 yeors ogo.

lmproved Decision Moking with The Booler lnformolion
System
Jonet Olsonboker* , Dovid Jones, Troy Tonner, App/ied P[ysics

Loborotory, UW

Booters need improved weother ond oceonogrophic tools tro moke

informed decisions obout their use of Puget Sound. Booters, i.e., soilors,

power booters, koyokers, fishers, windsurfers, ond kite boorders hove to

seorch numerous websites, TV ond rodio siotiont ond poper documents
lo plon o kip in the highly vorioble Norlhwest environment. Access

lo this informotion is cumbersome ond the inlormotion is not olwoys
understondoble or usoble by booters. The Booler lnformotion Syslem
(BlS) is o decisionrnoking tool designed lhrough colloborotion with

booters to meet their needs. The gool of BIS wos to improve booter
so{ely while protecting criticol resources- Boolers were surveyed ond

hove served on o cilizen odvisory boord to help scientisls, soflwore ond

web engineers build this cuttingedge tool booters ore now using. Vio o
web portol, BIS delivers winds, tides, currents, ond other criticol doto on
on interoctiye mop disploy. Oceonogrophic ond meteorologicol forecost

informotion is tronsloled ond visuolized olong $e routes booters select.

They con designote o threshold wind volue thot will color code winds to

meel or exceed this volue. Puget Sound booters rr/ont this tool exponded

for cruising in the Georgio Bosin, occess lo similor doto in ihe Georgio
Bosin could moke this o reolity.

Enhoncing Tronsportolion Proied Delivery Through
Wotershed Choroclerizolion
Riclrord Gersib*, Woshrngton Sfote Depqrtment ol Trdnsporlotion

Wotershed chorocterizolion is o plonning tool developed by

Woshington Stote Deportment of Tronsportotion to identify olternotive
mitigotion options ]o convenlionol stormwoter flow control ond the on
site mitigotion of unovoidoble noturol resource impocts. This poper
presents the work of on interdisciplinory technicol teom tosked with

onswering the question: Where do we restore degroded noturol
resources lhot mitigote lronsportotion proiect impocts, moximize
longierm environmentol benefits, ond reduce proiect cost? Guiding
principles, results, ond lessons leorned ore presenled from [our
wolershed choroclerizotion proiects completed on the l-405, SR-520,
ond SR-l67 corridors in King, Pierce, ond Snohomish Counties in

Woshington Stote.

Pqnel 5A: Smoll Wood Debris ond lmpocts on
Neorshore Hobitots
CoChoirs: Hilory S. Culverwell ond Andreo MocLennqn

This ponel will oddress o number ol issues including: source of wood
woste in the Georgio Bosin Puget Sound region, impocls to morine
communities, the extent of the problem in the GBPS region, exomples of
impocts, remediotion ond restorotion efforts, ond lessons leorned from

restorotion efforts.

Ponel Members:
. Joel Ereems, Universily of Woshingion ond Skogit Fisheries

Enfioncement Group
. Russ Mcrlrllon, Woshrngton Sfote Depl. of Ecology
. Jon Houghlon
. Chris Picord, Universily ol Vidorio
. Joel Elliolt, University of Puget Sound
. Cloy Polmoni AncAor Environmentol

Sediment Wood Debris: Potentiol Physicol Effects, Toxicity
Relotionships. ond lmplicotions for Restorotion
Cloy Potmont, Don Hennessy, Anchor Envtonmentol, LLC

Bill Gordiner, Weslon Solutions

Joe Germono, Dove Browning, G&A
Steve T}ieie Stoel Rives

Numerous forest products locilities hove historicolly operoted in the

Northwest. While chonging morket condilions hove closed mony of
these focilities, ond regulotions hove controlled ongoing dischorges,
historicol releoses o{ bork, wood chips, ond sowdust hove resulted in

wood debris occumulotions in regionol sediments.

A wide ronge of locused investigotions of the qdverse environmentol
effecis o[ wood debris in the oquotic environment hove been conducted
in the Northwest. The type ond degree of impocls hove voried widely
depending on the concentrotion ond type of wood debris ond the

environmentol setting. ln mony coses, benthic suciession processes

hove mitigoted wood debris impocts.

The fibrous/flocculent physicol chorocteristics of certoin wood debris
moleriols con render the sediment hobitot less suitoble Ior colonizotion
by certoin species. However, chemicol troxicity ossocioted with wood
debris degrodotion chemicols hos been less commonly observed.
Distinctions between physicol ond chemicol impocis ossocioted with
wood debris in sediments moy determine the oppropriote reslorotion

opprooch ond the regulotory/legol outhority upon which octions ore
often bosed.

Exlensive wood debris restorotion octions hoye been completed within
the region, ond hove included o ronge of source control, copping, ond
dredging remedies, oll of which hove been demonstroted to be effective
in porticulor situotions. lessons leorned for future restoroJion oclions ore
summorized.
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Session 631 Morine Fish Dynomics I
Choir: Woyne Polsson

Regionol Voriotion in ICUN Redbook listings of Morine
Fish Species: Overzeolous Listing Activity in the Atlontic or
Too Little in the Pociftc?
Doug Hoy', Fisheries ond Oceons Conodo, Poc#ic Eiologrtol Stotion

The ICUN (lnternotionol Union for Conservolion of Noture ond Noturol
Resources) Redbook hos nine cotegories of which six ore econservolion
listings'. These describe incrementol degrees of concern ronging
from vulneroble or neor-threotened to eexlinct' or €extinct in the wild'.
Three cotegories ore reloled lo instonces of unworronted concern, or
insufficient informotion. The hequency of conservotion listings o[ morine
Iish species vories significontly omong the FAO morine oreos ond is

significontly higher in oll regions of the Adontic thon the Pocific. This

difference is significont (P<<0.01 )when compored (i) occording to
the number of listed species os o proportion of totol species present or
(ii) os the proportion ol listed species per unit oreo. Specificolly, for
Nor$ Americo, lhere ore more species listed in fie north Arlontic ( 13)

thon the north Pocific (41. The lower frequency of Pocific listings could
reflect geogrophic dilferences in species vulnerobility. Alternotely,

the difference moy reflect o lower profile for conservotion biology of
morine fish species in the Pocific- A review of the stotus of key smelt

species (Osmeridoe), which is endemic to the north Pocific, shows four
inslonces of volid conservotion concerns where Redbook listings might

be considered. These include sevorol populotions of smelt species in the

Georgio Bosin.

Froser Rivcr White Slurgeon: Science, Knowledge ond
Action in Support of o Sustoinoble Tronsboundory
Populofion
Iroy Nelson ", lGl timrled Environmenbl Reseorch Associoles
Bill Gozey, WJ. Gozey Reseorch

Korl Englisfu tGI limrted Environmenlol Reseorch Associotes
Rick Honsen, Rick Hoosen Mon ln Molion Foundofion

White siurgeon {Acrpenser lronsmonlonus) is on oncienl species

ond the lorgest lreshwoter lish in North Americo, ottoining lengths in

excess of 6 m ond weighls o[ more thon 600 kgs. Tough ond resilient

to environmeniol chonge, lhey con tolerote both fresh ond solt woler
environmenls; however, white slurgeon spown only in fresh woter. ln

the lower Froser River ond estuory, while sturgeon sit ot the opex of
o complex ond frogile ecosyslem thot is olso on intsgrol componont

of he greoter Geoqgio Bosin ecosyslem. ln Novembar 2003, white

sturgeon in Conodo were designoted "endongered" by the Committee

on the Stolus of Endongered Wldlife in Conodo (COSEWICI. Since
'1999, the Froser River Slurgeon Conservotion Society hos monoged on
inlensive stock moniforing ond ossessmenl progrom for white sturgeon in

he lower Froser River. This signilicont, ,rolunteerdriven mork-recopture
progrom (utilizing PIT togs) hos successfully coordinoted portnerships

ond in-kind contributions {rom true stewords of lhe resource: sporl lishing
guides, recreotionol, commerciol, ond oboriginol fishers, test fishery
ond enforcement personnel, ond vorious lishery monitors. Progrom

results hove reduced knowledge ond doto gops, ond provided relioble

' informotion used by resource monogers for stock recovery ossessment.

Priorilized slock recovery oclions hove been identified in o Froser River

While Sturgeon Conservotion Plon, ond o technicol/community "teom'
opprooch hos been odopted to implement these octions.

Seottle Aquorium's Sixgill Shork lHcxonchus griseusl
Conservolion Ecology Proiect Updore
Shown lorson', Je# Cfiristionsen, Joel Hollonder, Seotfle Aquorium

Seottle Aquorium biologists hove been informolly monitoring sixgill
shork (Hexonchus griseus) sightings for tha post l0 yeors ond
formolly studying sixgill populotion ecology for the post three yeors.

The oquorium's Sixgill Shork Populotion Ecology proioct ls o long-

term conservotion reseorch progrom lo oddress gops in the body o[
scientific knowledge on these relotively unknown locol onimols. Living

moinly ot obyssol depths 12000-5000 ml but olso in shollow woters

of Puget Sound, Woshington, sixgills ore thought to be longllived ond
slowgrowing, ond oppeor to hove estoblished movemenl corridors
ond territories thot remoin relotively fixed over time. No informotion

exists on how mony sixgills ore in Puget Sound, whelher they ore
yeor*ound or soosonol, locol or migrotory, or whether they use Iocol

woter primorily for {eeding or for recruilment. The Aquorium's sixgill
populotion ecology reseorch involves lhree inlerwoven proiects lo
determine ospects of bosic sixgill biology using the lechniques of ['l )

genetics reseorch, (2) visuol morker togging, ond (3) ocoustic trocking.

The proiect will ultimotely expond from the Aquorium to include the

rest o[ Pugel Sound ond beyond, evenluolly including studying sixgill
populotions worldwide. The Aquorium hod to suspend its visuol ond
ocoustic togging portion of the proiect in.Juiy 2005 becouse of
construction obove ond below the pier. The underwoter togging portion

of the proiect will begin ogoin in 2007 when the underwoter prolecled
contoct resaorch slotion is rebuilt- Here we updote the progress of the

sixgill reseorch since the 2005 conference. Specilicolly we will shore

doto on the number of togged shorks relurning lo our reseorch sile,

our progress with hocking ocousticolly togged shorks ond significont
populotion genetics resuhs to dole.

lmpocts of Diseose to Wild Fish Populotions with Speciol
Reference to the Solish Seo Region
Poul Herslrbe4ger*, Morrowstone Morine Field Stotion
Jim Winton, Weslern Fisheries Reseorch Cenler

lnfeciious ond porositic diseoses ore integrol componenls of
populotion dynomics ond ecosystem [unction, ond diseose processes

in wild populotions ore goyemed by o combinotion o[ noturol ond

onfiropogenic foctors. ln humon ond terrestriol onimol populotions,

diseose impoch ore relotively eosily observed ond well documenled;
however, in populotions of wild fishes, onologous disaose events

oflen go unobserred, ond the ecologicol impocts of epizootic ond

chronic diseose mortolity ore extremely difficult to enumerote. This

observotionol difliculty hos resulted in o generol lock o[ understonding

o[ diseose ecology principles governing wild fish populotions;

consequenliolly, inexplicobly lorge errors oflen occur in predictive
populotion models. We will review clossic exomples of chronic ond

epizootic mortolity in fish populotions lhroughout $e world ond discuss

populotion ond ecosystem-level shifts thot occurred os o result. We will
conclude by presenting exomples of inlectious ond porosific diseose

concerns to lish populotions in the Solish Seo region, ond providing on

empiricol fromework thot con be used to develop monogement oclivities
inlended to mitigote the effects o[ diseose on wild fish populotions.

Prevolence of lchthyophonus in Copper Rockfish lSef,ostes
coun'nusl from Puget Sound, WA.
Joke Gregg*, Cristy Pocheco Poul Hershberger, Morrowstone Morine
Field Stotion

lchthyophonus is o highly pothogenic protozoon porosite lhol hos

repootedly coused seyere epizootics in wild morine ffshes in tha North
Atlontic; howaver, until recently it wos not known to exist in fishss from

the eostern North Pociftc. Since lhe index cose in lhe eostern North
Pociftc, o single Pocific sloghorn sculpin collected lrom the coost of
Oregon in 1983, the reported host ronge, infecfion prevolences, ond
infection intensities hove exponded dromoticolly. For exomple, inhclion
prevolence hos reoched 30 to 50% in some stocks ol Chinook solmon,
Pocilic herring, Pocific Oceon perch, ond yellowloil rockfish, ond the
prevolence of diseose hos reoched epizootic proportions in Yukon River

Chinook solmon. ln the inlond woters of Woshington Siote, > l07o of
Puget Sound rockfish (S. emphoeus) ore infecled, ond it is plousible thot
thir host represents o signilicont reservoir for the porosite in the neor

shore rocky reef. Here, we dercribe lhe results from o recent survey o[
copper rockfish from north ond centrol Puget Sound, where 5% were
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infected. We conclude thol the future emergence of lchfiyophonus in

Puget Sound ond Georgio Bosin rockfishes is likely, bosad on currently
high prevolences in rockfishes from the coost of Woshington ond in

sympokic herring from the Solish Seo.

Ponel 6C: Seogross Distribution ond Ecology in
rhe Solich Seo: Phyoicol ond Chemicol Foctors
Cfioir: Jessie locy ond Jeff Goec&le

Seogross is emerging os on indicotor of ecologicol heolth for the

Solish Seo. lmproved underslonding o[ the ecology, stotus, ond trends

of seogross is criticol to the monogement o[ this importonl resource-

Sci€ntists ond resource monogers ore developing new technologies

ond onolyticol techniques to odvonce monitoring of the siotus ond

trends in seogross distribution, os well os interpretotion ol these trends.

The ecology ond hobilot provided by seogrosses ore olso oreos of
octive reseorch- This session will focus on stotus ond fends, ecologicol
functions ond volues, ond nolurol ond onthropogenic conlrols on
the distribulion of seogross resources in Solish Seo. lnnovqlive ond

ohernotive technologies, onolyses, ond modeling used in reseorch ond

monitoring ot locol ond regionol scoles will be feotured.

Ponel Members:
. Renee lokesue, U.S. Geologicol Survey
. Zochory Hvghes, University of Woshington
. Michoel Honnom, University of Wosfiington
. Anio Schona Wosfiington Stoie Deporrmen, of Noturol Resources
. Jessico tocy, U.S. Geologicol Survey

tinking Long-Term Eelgross Monitoring with locol Reseorch

ond Monogemenl Proiects
Helen Berry*, WA Dept. of Noturol Resources

Bloin Reeves, Woshington Stofe Deporrment oI Noturol Resources

A moior chollenge thof lorge.scole monitoring progroms loce is to
provide long-term kends doto ond olso oddress cunent noturol resource

monogement questions. The Woshington Deportment o[ Noturol
Resources Neorshore Hobitot Progrom hos worked to meet both o[
these obiectives in its eelgross moniloring progrom. ln oddition to
providing yeorly updoles on the slotus of eelgross throughout greoter
Pugei Sound, we hove colloboroted with monogers ond reseorchers

lo provide doto on issues of locol concern. This presenlolion rcviews

o series of proiecls thot we hove undertoken with locol porlners over
the lost five yeors. We review seven cose studies ond discuss three in

detoil: mooring buoy plocement in Sucio lslond Stote Pork, county-

wide eelgross mopping ond subsequent monitoring in Son Juon County,

ond ossessment of hormful green olgol blooms through Notionol
Science Foundotion [unded reseorch ot Seottle Pocilic ond University

o[ Weslern Woshinglon. These cose studies demonstrole lha potentiol

strengths of colloborotions, olong wifi the methodologicol chollenges

ond limitotions. We believe thot these cose studies axemplify how
colloborotions con improve the knowledge of seogross resources,

increose the power of doto sets collected over o ronge o[ spoliol scoles,

ond sove money.

R.edox-Drfuen Bioovoilobility of Phosphote ond Sulfide in
Eelgross (Zostcro lloinol Root Zones
Renee lokesue, U-S. Geologicol Survey

Sond WyllieEcheve rrio, Univ. Woslringl,on

Sediment reductionoxidotion {redox) conditions offect the bioovoilobility
o[ nuhienh ond sulftdes to eelgross. We meosured sediment redox

potentiol (Ehl; lobile (pore woter + weokly odsorbed) nutrienls ond
metols; solid-phose phosphote bound to ferric iron oxides; ond plont

chorocteristics ot four sites in the Son Juon Archipelogo to explore

whelher eelgross heolth could be reloted to redoxdriven bioovoilobility
of phosphote or sulfides. Sediments ronged from oxygenoted (Eh -
+ 170 mV) in Folse Boy l<l % mud) to highly reducing (Eh < -150 mV)

in Shool ond Shollow Boys (bofi 3% mud) ond in Weslcolt Boy (34%

mud). ln Folse Boy, eelgross wos sporse in the roughs of sond woves,
sediments were well oxygenoted, ond lobile phosphote concenfrotions
were very low. lf oxidizing conditions were parsistent in Folse Boy

sedimants, phosphote concenlrolions moy hove been suboptimol for
eelgross growth, Eelgross grew in dense fringes in Shollow ond Shool
Boys, ond hos been obsent from the heod of Weslcott Boy for ot leost

three yeors. Surprisingly, Westcott Boy sediments hod two ond five
times more sulfide-buffering copocity, in the form ol ferric iron, os Shool

Boy ond Shollow Boy sedimenh, respeclively. We will compore redox
conditions, potentiolly bioovoiloble (lobile + iron-bound) phosphote,
ferric iron, ond ealgross chorocleristics in Shollow ond Shool Boys,

ond speculote whether phosphote or sulfide ovoilobility contributed to

eelgross disoppeoronce in Westcoi Boy.

Bothymerry, Bottom Mopping, ond Recovery Proiecions of
Eelgross for Anchor Buoy Relocotion Proiect ot Echo Boy,
Sucio lslond, WA
Zochory Hvgh*, Universr'ty ol Woshinglon, Environmeniol Scieoce

Sondy WyllieEcheyerrio, Uniyersity of Woshington
Gory Greene,
Ied Smith, Wosfiington Stote Po*s
Bloine Reeves, Woshington Sloie Deportment of Noturol Resources

Mike Honnom, Kevin Erition-Simons, Uoivercity of Wos[ington

As port ol o regionol plon to prol€ct morine biodiversity ond
productivity ond provide public occess to remole slrote porks in lhe

Son Juon Archipelogo, Woshington Stote Porks (WSP) will relocote

ond olter existing mooring buoys within Echo Boy on Sucio lslond

ond estoblish o voluntory "no onchor" zone. This oction is primorily
token to ovoid further dislurbonces 1o existing eelgross (Zostero

morino) beds. Hobitot mopping using muhibeom bothymetry ond
bockscotler con guide removol ond relocolion efforts ond provide o
boseline ol eelgross obundonce ogoinst which potentiol recovery con

be compored. Stotislicol protocols ossocioted with these techniques

ollow us to estimote the omount of eelgross presenl, determine the

minimum ond moximum depth of plont growth, illustrote depth contours

ond chorocterize surfoce sediment profiles. These source doto ore then

imported to ArcGlS for londscope-scole onolysis. Our doto ond the

focl thot aelgross is [ound ot deeper depths (' l0 m) wi]hin sites similsr
to Echo Boy in the region, suggesh lhol oreos odiocent to the existing

moximum depth o[ eelgross growth moy support populotion exponsion

once buoys ore relocoted. Finolly, economic volue of polentiol eelgross

exponsion will be ossessed in terms of dollors per hectore per yeor
bosed on ecologicol function ond relotive imporlonce lo economicolly
voluobla species.

Mopping Submerged Aquotic Vegetotion in South Puget
Sound
Michoel Honnom, University o[ Woshingloo
Joel Elliott, Unirersity of Pugef Sound
Kristin Williomson, Sou$ Puget Sound Solmon EnAoncement Group

Subme49ed oquotic vegetolion (SAV) conkibutes to biodiversity ond
neorshore productivity in the Puget Sound. To guide future restorotion

efforts, the South Puget Sound Solmon Enhoncement group undertook o
proiect lo ossess the shoreline between Point De{ionce ond the Nisquolly
River Delto in Southern Puget Sound, o reoch highly impocted by rip rop

bulkheoding ossocioted wifh the Burlington Norlhern Sonlo Fe roilrood.
As o port ol this ossessmenl, w€ mopped SAV, focusing on eelgross,

Zoslem marino, olong the some reoch. Mopping wos initioted on fool
during summer low tides with digitol video ond GPS receivers. We
outlined the perimeler of Z. morino beds ond recorded other dominont

vegetotion ossembloges ond subskote types. Underwoter video wos

used to delineote fhe deep edge of Z. morino beds ond estimote

cover within the beds. Video ond GPS doto were synchronized ond
video wos coded lor Z- morino cover ond substrole type prior to GIS

onolysis. Preliminory observotions sugged thot Z- moriao distribution

{
C
FIo
U

k
o
Eloo
-to
zo
z
U
T
>
z
FI
l-o

35



oJII
z
I
o
z
o
z
o
-o
m
td
m

o
o
UJ
:)
F

olong portions of our sludy oreo moy be reloted to proximity to culverts

thot poss freshwoter ond sediment underneolh the roilwoy- lf this is
substontioted, efforts to restore more noturol sediment delivery to this

reoch moy hold restorotion potentiol.

Do Hydrodynomics lnitiote Chonges in Ecosystem Function
of lntertidol Seogross Beds?
Anjo Schon4 WDN[, Aquolic Resources Devision

Recent ond ongoing decline o[ seogrosses oll over the world is

oltribuled b humon impoct ond climotic chonge. ln oddition, the elfect
of hydrodynomics is importont, becouse it inlerlinks ond olters vorious
processes in seogross beds from species to ecosystem level.

Field experiments in the Wodden Seo (SE North Seo, Germony)
demonstroled thot wotar dynomics ore o key foctor in controlling the
species composilion ond the hophic tronsfer within the food web of o
seogross community os well os lhe developme o[ the seogross bed.
Drop lrop cotches corried out in seogross beds with strong ond weok
hydrodynomics showed o distinct impoct of woter movemenl on the

composition of mobile, epibenthic mocrofouno. Drostic chonges were
observed in the trophic auild of grozers. Experiments with on in situ

three-current-flume, modifying the enlire currenl velocity, ond cross

konsplontotion experiments between sheltered ond exposed seogross
beds, reveoled o coscoding impoct o[ hydrodynomics on on epiphyte-
gmzer system in inlertidol seogross beds by directly offecting the densif
of grozers ond indirectly leoding to enhonced epiphyte growth, thereby
inhibiting seogross development. Additionolly the results sho,,/ thot
coscoding effects within the trophic web ore nol only triggered by biotic
interdependencies but con olso be coused by physicol foctors. Further

investigotions reveoled thol stronger hydrodynomics olso directly offects
seogross beds by reducing seogross density ond shoot morphology, os

well os lhe extent ol seogross beds.

lnleroclion of Eelgross with Neorshore Ti&l Currenls
Jessico [ocy, U.S. Geologicol Survey

Sondy WyllieEcheverrio, University of Woshington
Guy Gelfenboum, US Geologicol Survey

The seogross Zoslero morino (eelgross) ofianuotss currents in the
neorshore region of Puget Sound, ond ot the some time tidol currents

continuolly modify seogross hobitot. We conducted field studies of
seogrosJlow inieroctions ond sediment lronsport in 20O4 ond 2005
in subtidql meodows odiocent to Show ond Woldron lslonds in lhe
Son Juon Archipelogo. At both sites eelgross otlonuoted neorled tidol
currents 7G8O% when velocities obove lhe meodow were less thon
l5 cm/s. Velocities {rom l5 to 30 cm,/s were ollenuoted by 5G60%.
At Woldron lslond, where medion bed-sediment groin size ronges
from 0.12 to 0.17 mm, eelgross reduced the neor-bed tidol cunents
{rom those copoble of resuspending sediment (30 - 40 cm/s) to o
level below tha fireshold for sediment motion, bosed on the Shields
porometer. Underwoter digitol video recorded lhe posture o[ fhe
eelgross leoves ond showed delleaion in response to fidol currents.
Current speeds of opproximotrely l0 cm/s decreosed conopy height by
mora thon 50%. Reduction of conopy height decreoses the volume of
hobitot ovoiloble to conopydwelling orgonisms ond ollows turbulence
generoted ot the top of the conopy to descend forther down into the
meodow, potentiolly enhoncing import of nutrients into, ond export of
orygen od of, the meodow. ln our next deploymenl, ol Possession Poinl

on Whidbey lslond, we will invesligote the interoction of eelgross ond

woves, ond the role of wove energy in slructuring diskibution potterns.

Session 6D: Urbon Londscope Reslorolion
Choir: Ken Brock

Bulkheod Removol Feosibility Stud, Centrol Puget Sound
wA.
Andreo A,loclennon *, Jim Johonness en, Jonothon Woggoner, Coostol

Geologic Services

The obiective of the study wos lo delermine fie feosibility of removing
some or oll of the bulkheods fronting this historic neorshore sediment

source without threotening o home locoted otop the bluff. The site

is locoted south of Seottle, Woshington, in Cenkol Pugot Sound.
Residentiol development ond bulkheods ore widespreod resulting

in o substontiol reduction in neorshore sediment supply lo drift cells.

Assessments of the beoch, bluff, ond uplonds were performed to

detennine boseline conditions, ond how the bulkheods hove oltered

beoch ond bluff processes ot the site. An onolysis of current ond
historic bluff conditions wos performed to identify the dominont drivers
of bluff erosion ol the site, determine erosion rotes ond observe how
bluff processes hove chonged since bulkheoding. Assessment methods

used in this study included: field surveys (hobitot mopping ond high

occurocy topology), GIS onolyses, ond troditionol geomorphic oir
photo onolysis. The results of these onolyses were used to determine o
recommended phosed plon for restorolion of impounded bluff sediment
Recommendofions included o number of bulkheod removol scenorios,
some o[ which included soft shore proteclion designs to enhonce beoch
sedimenl ond moderote bluff erosion neor lhe house.

Seofile's Centrol Woterlront: Opportunities ond Conslroints
for Neorshore Hqbitqt Restorotion
Poul Schlenger*, Anchor Erwironmenlol
Dovid Groves, Seoflle Po*s ond Recreor,on

Peter Hummel, Anchor tnvironmentol
Kevin Stcops, Seottle Ports ond Recreoibn
Poul Korsmo, Anchor Environmentol
John Owen, Mokers Archilecture ond Design

The City of Seottle Deportment of Porks ond Recreotion funded o
{eosibility study ond Environmenlol lmpoct Stotement to develop

ond evoluole olternotives for the redevelopment of Seofile's Centrol
Woterfronl shoreline between Woterfront Pork ond Pier 62/63 in Elliolt
Boy. Eoch o[ the olternolives included innovotive elements of neorshore
hobitot restorotion while utilizing vorious pier con{igurotions to olso
mointoin pork uses. This presenlotion will not be o description of eoch
of the olternolives6rother it will discuss the constroints ond opporiunities
reloted to neorshore hobitot restorotion thot were identilied through
the process ol oliernotive development. Siie constroinls include highly
oltered sediment honsporl ond supply conditions, extensiye overwoler
slructure, o seowoll, ond reslricliye lond use designotions. The

opportunities ore equolly significonl ond include creoting shollow woter
hobitot wolerword of the seowoll, reconfiguring overwoler structures to
provide o shollow woter'corridor of light," ond odding hobitot diversity

olong the extensive stretches of deep subtidol sond ond silt hobitot thot
comprise the downlown wolerfront. This presentolion is intended to
shed light on the potentiol lor meoningful hobitot improvements despite
signiffcont chollenges of working in on urbon oreo.

From Copilol Loke lo Deschules Esluory: Modeling
Reslorolion oI on lmpounded Estuory
Douglos Geo4ge Guy Gelfenboum *, US Geologicol Survey

Giles lesser, US Geologicol Survey/Dellt Hydraulics
Andrew Stevens, US Geologicol Survey

The Deschutes Estuory Feosibility Study (DEFSI in Olympio, Woshington,
is exomining the restorotion o{ the Derchutas Estuory by removing o
dom instolled in l95l lo creole Copilol [oke. The lour componenl
studies of DEFS repr6s€nl on interdisciplinory opprooch lo estuory ond
ecos),/stem restorotion. As one of these sbdies, o sediment tronsport ond
hydrodynomic model wos developed to invesligote estuorine evolution
under restorotion scenorios ond provide informotion lo the fhree
componion studies. The model predicls on ostuory similor in morphology
to the proiom environment will develop within five yeors oher dom
removol. The model produces solinity regimes, inundotion frequencies
ond sediment groin size disributions used to estimote he biologicol
communilies lhot moy colonize o reslored esluory. Predicted current
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velocity fields, circulotion potterns ond morphologicol chonge from the
model will be used to onolyze threols to existing infrostructure oround
the loke. Modeled sediment occumulotion in o downstreqm commerciol
port ond morino will olso ollow monogers to estimole moinlenonce costs

for dredging. The model results suggest thol the estuory environs would
be significontly different thon the present loke conditions ond therefore,
lhe decision to restore the oreo will require oxtensivo inleroction with the

community.

Net Benefit Anolysis of Restoring on Esluory in on Urbon
Setting: The Deschules River Bosin, Woshington
Michoel Toylor", Coscode Economics llC
Kothorine Wellmo4 Suson Burte, Nordrern Economict lnc.
Mollhew Wilson, Spotiol lnformotics Group [[C
Economists loce inherant chollenges where the removol of on existing
dom is contemploted in order to raslore on estuory. legitimote questions
ore roised obout porticulors of the "newly creoted" environment, os well
os onticipotod (or perceived) chonges in ottributes ond well being. The

chollenge is mognilied in on urbon setting, where the stokeholders ore
numerous ond widely vorying. How bed to develop inlormolion on lhe
full ronge of economic ond sociol volues thot will leod to on informed
decision?

ln this study, o multi-slep process wos opplied to ossess the n6t
benefits ol restoring o noturolly functioning Deschutes River estuory,
os compored to monoging mon-mode Copitol loke in Olympio,
Woshington. A community "stokeholder process," sponsored by the
loke's odoptive monogemenl sleering commillee, generoted o sel o[
ottribuies ond components of imporionce. These were orgonized inlo
colegories o[ esluory "goods ond services" modeled ofter the United
Notionvsponsored Millennium Assessmenl. The ossessment o[ goods
ond services were further mopped to on economic fromework lhot
included morket, non-morkel, ond noncconomic (sociol) volues. Finolly,

eoch type o{ volue wos treoted quontitotively or quolitotivel, with
porticulor emphosis ploced on those volues thot would most likely offect
o decision of whether or not to remove the existing dom ond restore the
estuory.

Building qn Action Plon for Biodiversity €onservqtion in the
Greoler Voncouver Region
Thereso Duynsiee*, Greoler Voncouver Regiono, District
Jon Kirkby*, Environmeni Conodo (Conodion Wildlife Service)

Morcy Songret*, Tfie Corporonbn oI Delto

The Biodiversity Conseryotion Shotegy for the Greoler Voncouvsr
Region is in the finol phose of the process to dwelop coordinoted
shotegies ond octions thot guide decision mokers on how to conserye
biologicol diversity ocross tha region. This portnership initiotive under the
Georgio Bosin Action Plon involves Environment Conodo, BC Ministry
o[ Environmant, Burrord lnlet Environmentol Aclion Plon - Froser River

Estuory Monogement Plon ond lhe Greoter Voncouver Regionol Dishict
who ore working in coniunction with member municipolilies, non-

government orgonizotions, stewordship groups ond post+econdory
inslitutions,

This is the first regionol biodiversity shotegy undertoken in British

Columbio [o provinciol biodiversity strotegy is olso in the process

of being developedl. A droft fromework wos developed through

sxtensive hobilot ond technicol ossessments, cose sludies rerriews,

workshops, ond onolysis of exisling legislotion ond lools. Furlher work is

requiredunderwoy to identify specific octions municipolitesmunicipolities

con do lo conserve biodivorsity in the region. A consultotion process

begins in foll 2007 to seek input lrom those who con help implement the
plon, including government sto[f, municipol odvisory committees, lond
monogers, environmentol orgonizotions ond community groups. This is

on iterotive process intended to build cooperotion ond identily ovenues
to porticipote in the plon.

Three Speokers from three dilferent levels of govarnment will highlight

the process, key ossessmenis, ond products, benefils, chollenges ond
lessons leorned during the plonning dwelopment of the strotegy ond
oction plonprocess. The presentotion is oimed to provide informotion
ond encourogement to inform other iurisdictions undertoking similorwho
moy be considering the development of regionol conservotion plonning
strotegies.

Urbon Wqtershed Restorotion - Putting Plons into Action
Tonis Douglos *, Copitrol Regionol District

The Copitol Regionol District used o colloborotive fromework lor urbon
wolershed monogement plonning for the Bowker Creek wotershed,
o highly urbonized ond degroded creek. The Bowker Creek initiotive
is qctive ond high profile, becouse the plon is supported by o port-
time implementolion coordinotor ond implemented with ongoing,
muliijurisdictionol sleering commiltee meetings- This presentotion will
showcose vorious exomples lrom the Bowker Creek wobrshed to
demonstrote the effecliyeness oI inlegroted wolershed monogemenl
plonning ond implemenlotion. Portners in the initiotive ore currenlly
occomplishing or initioling octions described in the implemenlotion

strotegy, including o wotershed moster droinoge plon currently
undarwoy, o future plonned wotershed hobilot ossessment, restorotion
projects, outreoch to the public ond with schools, ond greenwoys
plonning. lnput is olso given to propored developments to promote
lond use in keeping wilh the plon. The work requires mony communily
portners lo corry oul restorotion os well os mointoin ond monitor woler
quolity, ond the community will be fudher owore ond engoged os the
work progresses.

Session 6E: Slormwoter qnd Sqlmon Heolrh
Choir: Not Sclrolz

lmpocts of Slormwoler Runoff on Coho Solmon in Restored
Urbon Streoms
Soroh McCortfiy *, NOAA/NMFS/NWFSC
Julonn Spromberg, John lncordono, Eloke Fersr, NOAA Fisfreries

Jenifer Mclnlyre, University ol Woshington
Jono [o6enio, Mork Myers, NOAA Fisheries

louro Reed, Seottle Public Utilities
Kotherine lynch, Seo#e Public Utilities

Joy Dovis, US Fisfi ond Wildlife Service

Trocy Collier, Nothoniel Scholz, NOAA Fisfreries

Beginning in the lole 1990s, ogencies in fhe greotar Seoltle oreo
begon conducting Ioll surveys for spowning solmon lo evoluote the
eflectiveness of locol steom restorolion efforts. Thesa surveys detected
o surprisingly high rote of mortolity omong migrolory coho Iemoles thot
vvere in good physicol condition, bui hod not yet spowned- ln oddition,
odult coho hom severol differenl streoms showed o similor progression
o[ symptoms (disorientolion, lethorgy, loss of equilibrium, goping, fin
sploying) thot ropidly led to deoth. ln recent yeors, pr+spown mortolity
(PSM) hos been observed in mony lowlond urbon streoms, with ovaroll
rotes ronging lrom - 257" to 90% of the foll runs. Continuous doily
surveys of wild coho spowners in o forested reference slreom reveoled
< l % PSM. Although the precise couse of PSM in urbon streoms is

nol yet known, conventionol woter quolity poromelers ond diseose do
not oppeor to be cousol. Rother, lhe weight of evidence suggesls thol
odult coho. which enter smoll urbon sheoms following foll storm wents,
ore oculely sensilive lo nonfoint source slormwoter runolf con]oining
pollutonts thot originote lrom highly developed londscopes. These

[indings hove importont implicotions for res]orotion ond conservolion
elforls in urbon ond urbonizing wolersheds. This proiect wos supported
by the NOAA Coostol Services Center, the NOAA Coostol Stormr
Progrom, the U-S. Fish ond Wildlife Service's Notionol Contominonts
Progrom, ond the City of Seottle.
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Coho Pre-Spown Mo*olity in Urbonized Puget Sound
Wolersheds: Whot Does the Surrounding londscope Tell

Us?
Bloke Feist*, NOAA/NA4FS/NWFSC
Poul Arnold, Joy Dovis, U.S. F,sh & Wldlife Service

Soroh McCorthy, Notiono/ Morine Fisleries Service

Not Scholz, NotionolMorine Fisheries Service

Pre.spown mortol ty (PSM) o[ odult coho solmon (Oncorhynchus kisufch]

is o phenomenon lhot hos been consislenlly observed over the posl
severol yeors in urbon Puget Sound oreo slreoms, with rotes ronging
from 63-89%. Although the precise couse of PSM in lhese streqms is

unknown, conventionol woler quolity porometers (i.e., temperoture ond
dissolved oxygen) ond diseose do not oppeor to be cousol. Rother,

the weight of evidence suggests thot odult coho, which enter smoll

urbon streoms following foll storm events, ore oculely sensitive lo non-

point source stormwoter runoff contoining pollutonts thot iypicolly
originote from urbon ond residentiol lond use oclivities. ln order to lest
this hypothesis, we ron o series of spotiol onolyses where we looked

ol the correlotion between lond use ond lond cover (roods, impervious
oreo, forested. etc.) potlerns ond PSM rotes in 6 different streoms. We
found thol totol oreo of heovy use roods wos most correloted with coho

PSM rotes. We olso lound thot PSM events were closely linked with
precipitotion potterns. From this, we built o predictive spotiolly explicil
model o[ coho PSM rotes for the eostern Puget Sound bosin. The highest

PSM rotes ore clustered oround the moior metropoliton oreos of eoslern

Puget Sound. ln oddition, there ore lorge oreos in the bosin thot ore

expected to experience 35 - 100% PSM rotes. ln the future, we will
opply these findings to models thot predict PSM rotes under vorious
urbon exponsion scenorios.

Synergistic Toxicity in Juvenile Coho Solmon Exposed to
Mixlures of Orgonophosphote ond Corbomote lnsecticides
Cothy Loetz*, NOAA/NA4 FSINWFSC
Dovid Boldwin, Norfhwest Fisheries Science Center, NOAA Fisfreries

Vincenl Hebert, John Stork, Woshington Slore Universiry

Nothonie/ Scho/z Nortlrwest Fisheries Scrence Center, NOAA Fisheries

Orgonophosphoie ond corbomote insecticides ore commonly detected
in surfoce woters thot provide hobitot for threotened ond endongered
solmon (Oncorhynchus sp.) in the Pocific Northwest. These insecticides

inhibit the octivity of the enzyme ocerylcholineslerose (AChEl, thereby

interfering with chemicol signoling {neurotronsmission) ot nerve

synopses. Mixtures o[ these insecticides ore frequently detected in

lhe environmenl, but their ellecis on the neurobiology ond behovior
of solmon ond other fish ore poorly underslood. Previous work in our
lob found thot in vitro treotments with insecticide mixtures produced

dose-odditive toxicity, os meosured by AChE inhibition. To determine if

in vivo exposure olso produces odditive loxicity, we exposed iuvenile
coho solmon (Oncorhynchus kisutch) to sublethol concentrotions o[ the

insecticides diozinon, mololhion, chlorpyrifos, corboryl ond corbo[uron

both indiyiduolly ond os binory mixtures. Single insecticide exposures

produced dosedependent inhibition of broin AChE. However, AChE

inhibition wos greoler thon expected ofler exposure lo mixtu.es,

indicoting synergistic li.e., greoter-thon-odditive) toxicity for mony of the

binory mixtures. Moreover, severol orgonophosphole mixlures coused
morlolity ot concenlrotions lhot were sublethol in single insecticide

exposures. These results indicote dose-odditive models of toxicity
moy undereslimqte the risks thot insecticide mixtures pose to solmon

throughoul the Pocific Northwest.

Pesticides ond Pocific Solmon: Linking Exposure to
Physiology, Behovior, Growlh, Survivol, ond The Long-

Term Productivity of Threotened ond Endongered
Populotions.
Ju/onn Spromberg *, Dovid Boldwin, Nothoniel Scholz, NOAA Fisheries,

Northwest Fisfi eries Science Cenfer

Current use pesticides hove been widely detecled in solmon hobitots
throughout the Pocific Northwest. Pesticides ore specificolly intended to

kill. repel, or olherwise control biologicol orgonisms. These chemicols

there{ore hove the potentiol to limil the recovery of threotened or
endongered solmon populotions in lowlond ogriculturol ond urbon
environments where pesticides ore mosl commonly used. Of porticulor
concern ore insecticides, mony of which hove been shown to specificolly

torget the solmon nervous syslem, While the neurobehoviorol effects of
pesticide exposures hove been exlensively documented in solmon ond

other fish species, the linLoges between the heolth o[ individuol onimols
ond populotion-scole processes ore still very poorly understood. The

present study focused on chinook solmon {Oncorhynchus lshowytscho)

ond common closses of insecticides thot torget ocetylcholineslerose, on

enzyme thot supports neurolronsmiher'medioted signoling in the solmon
broin. Specificolly, we developed o model to quontitotively connect
pesticide-induced inhibition of broin enzyme oclivity in individuol

iuvenile solmon to reductions in feeding behovior, rotion, growth, size ot

migrotion, ond eorly morine survivol. This informotion wos then fed into

o chinook solmon life history populotion model to eslimote impocts on

populotion obundonce ond growth rotes. Our modeling results indicote

thot short-term exposures to insecticides ol low, environmenlolly reolistic

concentrotions ore likely to reduce the size of individuol solmon during
criticol life stoges, lhereby increosing size-selective morlolity due to
predotion. These effects, in turn, reduce both the intrinsic growlh rote
ond the percent spowner obundonce of the modeled populotion relotive
lo on unexposed populotion- Bosed on these findings, we suggest thot

pesticide-induced physiologicol perturbotions in individuol solmon con
propogote to higher scoles of biologicol orgonizotion. Moreover, we
identify focol oreos for torgeted new reseorch lo improve the predictive
occurocy of our model.

Five Yeors of Reseorch on the Heolth of Solmon in Urbon
Streoms: Lessoned Leorned ond Future Direclions.
Nothoniel Scfiolz *, NOAA Fisheries, Nortfiwest Frsheries Science Cenler

As noted recently by both the U.S. Commission on Oceon Policy ond
the Pew Oceons Commission, coostol development ond terreslriol runoff

ore increosingly undermining the longJerm viobility ol ot-risk oquotic
species in North Americo. This is porticulorly true o[ Puget Sound,
where urbonizotion is ropidly degroding the quolity of oquotic hobitots
throughout lhe region. For the post live yeors, the Norlhwest Fisheries

Science Center's Ecotoxicology ond Environmentol Fish Heolth Progrom

hos been investigoting the cumulotive impocts of urbon stormwoter
runoff on the heolth ond survivol of solmon in urbon ond urbonizing
wotersheds. This hos been o lorge, multi-stokeholder effort with

support from the NOAA Cooslol Storms Progrom, the NOAA Coostol
Services Center, the U.S. Fish ond Wildlife Service, King County, the

Ciry of Seottle, ond Woshinglon Trout. The oim hos been to conduct

experimentol reseorch on reltored urbon slreoms in lhe greoter Seotlle
oreo to odvonce our bosic understonding of how chemicol conlominonts
in sur{oce runoff olfect the physiology ond behovior of solmon ot
different li[e stoges. The focus hqs been on pesticides, heovy metols,

ond hydrocorbons, os well the osyet unidentified contominonis lhol
couse recurrent die-offs o[ odult spowners os well os developmenlol
defects in solmon embryos. This presentolion will ) ) review the stote

of the science os it perloins to stormwoter ond solmon heolth, ond 2)
identify priority oreos for new reseorch.

Session 6F: Modeling ond Decision Support
fools: Applied Monogement Tools
Choir: Rondo/ Ioiro

Hood Conol ond Edstern Stroit of Juon de Fuco

Summer Chum Solmon Recovery Plon: The Hood Conol
Coordinoting Council Approoch to Solmon Recovery
Plonning

ts8



Scoll Brewer*, Joy :',vots,on, Hood Conol Coordinoting Council
Dove Clrrislensen, Thurston County
Richord Brocksmiti, Hood Conol Coordinoting Council

The Hood Conol Coordinoting Council (HCCC) is o coolition of three

Counties ond hro lndion Tribes with o duol mission of protecting

the woter quolity of Hood Conol ond providing lor the restorotion
ond recovery of threotened Hood Conol solmon stocks. The HCCC
pursued solmon recovery os pol of Woshinglon Stole's response to

the Endongered Species Act (ESAI listings of Hood Conol summer

chum solmon ond Puget Sound chinook. Recognizing lhe need to
engoge the lond-use quthorities (i.e., Counties), the HCCC developed
o Plon thot builds on o weolth o[ existing ond inprogress works while
focusing on specific oclions in specifrc oreos. Aspects of horvest ond

hotchery monogemenl hove been in ploce in onticipotion of the listing.

Development of this recovery plon ollowed the opportunity to focus

on those ospects of lond use, development ond regulolory progroms.

County stofls were consul]ed regording o review of currenl lond
use ond regulotory progroms. The Plon olso developed o buildout
onolysis in on ottempt lo link current ond proiected development with

importont summer chum solmon hobitot. The Plon further describes o
lond use permil trocking system inlended to monitor the effectiveness

of current regulotory progroms lo proteci importont hobitots ond ollow
[or restorotion opportunities. The Community Neorshore Restorolion

Progrom wos olso incorporoted thol focuses on solmon friendly morine

neorshore hobitots. The Plon is to be odopted os o Federol Recovery

Plon.

Groun4Truthing the Hqbitot lnventory for the Froser River
Esluory: Hobitot Stotus Report ond Lessons Leorned
Anno Mqthewson *, FREMP

Rob Kniglrt, Brirish Co/umbio Ministry o{ Environment

Kothleen Moore, Environment Conqdq
Brod Mosoo Fisfieries ond Oceons Conodo
Gory Willions, Nor/r Froser Port Authority

The Froser River Estuory Monogemenl Progrom (FREMPI is on

intergovernmenlol portnership progrom for coordinoted environmentol

monogement of the Froser River estuory, one of the most significont

oquotic ecosystems in the lower Moinlond o{ British Columbiq.

FREMP hos developed o number of tools to monoge the "living, working
river", including o hobitot clossilicotion system thot ossigns colourcodes
to intertidol ond riporion oreos on the bosis o[ the relotive volues of
their hobitot feotures. Tho clossiftcotions ore bosed on on inventory

of oll hobitot types in the estuory, ond guides prospeclive dwelopers
in selecting oppropriote sites ond design concepts prior lo seeking

opprovol of their proiects. First mopped inthe l9SOs,theFREMP
hobitot inventory wos updoted in 2003 using on ecologicol Eleotures

ond functions' opprooch to coplure informolion on uplond linkoges.
A comprehensive ArcView dotoset ond linked Access dotobose wos

developed with over 12,000 hobitot polygons.

ln 2006, FREMP undertook o proiect to groundtruth ond verify the
hobitot polygons with the BC Conservotion Corps. The presentotion will
provide o hobitot stotus report (including estoblished doto confidence

levels ond observolions of invosive species), review proiect methodology
ond chollengel ond identify lessons leorned lhol moy ossist other lield-
checking ond mopping proiech.

Applicotion of o Coostol Londlorm Clossiffcotion GIS

Dotobose lo Woshing on Stote Porks in lhe Puget Sound
Cinde DonogAue * , Thurston Counly Planning Deporlmenl
Andrew Perkins, Jonet Rhoodes, Melisso Elockburn. Cenhol Woshingfon

Universily

A process$osed coostol londform clossificotion GIS dotobose

using existing dolo sources wos developed for Woshington's Puget

Sound shoreline. A geoiotobose wos used to compile o wide
voriefi of doto sources for onolysis, including hisloricol ond currenl

oeriol photogrophs {oblique ond verticol) os well os informoiion on
topogrophy, hydrology, slope stobility, drift cells, cooshol dynomics,
ond other relevont shore zone informotion such os sediment type
ond obundonce. The clossi{icotion breoks the shoreline into o nesled

hierorchy o[ segmenls lhot relole to the physicol processes importont

in determining geomorphology ond shope. The resulling clossificotion
distinguish between the beochlorms ond uplond lorms, including further
distinctions such os onthropogenic modificotions ond whether lhey ore
depositionol, stoble or erosionol These smoller feotures ore further

nested into beochform ond uplond form groups, which identify lorger
procesrbosed geomorphic syslems. The clossificotion is o criticol
bosis for understonding how different shoreline types ore {ormed ond
how susceptible they ore lo chonge ond vorious impocts. A cose study

opplicotion of the clossilicotion to Woshington Stote Pork shorelines

demonslrotes ils utility os o plonning tool for ossessing the links between
geomorphic processes ond lond forms ond the ecologicol functions
reloted to the wide diversity of morine shorelines found in the Puget

Sound.

Modeling Potentiol Effects os o Monogement Tool Ior
Woshington's Stoteowned Aquotic Londs
Corol Cloen*, Wosfiingfon Stofe Deportmenf oI Noturol Resources

As proprielory monoger of over 2.4 million ocres ol stoteowned
oquotic londs, Woshinglon DNR is chorged with ensuring environmentol
proteclion for the hobitots monoged os well os supporting lheir use

for commerce ond novigotion; public use ond occess; the production

of renewoble resources; ond income generofion. To ensure lhot lond
monogement octions comply with the federol Endongered Species Act
(ESAl, the ogency is developing o Hobitoi Conservotion Plon for fresh.

ond soltwoter hobitots utilizing o spotiol dotobose ond model to predict
effects on species ond hobitots.

This presenlotion will focus on the development of the Polentiol Effects

model ond its components, uncertointies ossocioted with the model,
integrotion of conservotion strolegies, ond present some preliminory
estimotes ol how DNR's octivities offect oquofic hobitots.

An lnterdiriplinqry Cyber-lnlroslructure for Mult'rScqled
Coostql Zone Reseorch
Miles logsdon *, Jill Colye, Donold Averill, Jef{rey Richey, University of
Woshingion

Over the next decode sophisticoled cyber-infroslructure tools will
provide coostol zone reseorchers with unporolleled occess to
compulolionol modeling o[ the complex inleroctions between the
physicol system ond the impocts o[ humon dynomics. Ropid growth of
computing resources ond the odvonces in observotionol networks moke

this on inevitoble component of future interdisciplinory cooslol zone
reseorch. Our reseorch in informotion syslem orchiteclure encomposses

lools thot ore built on metodoto services thot drive integrotion efforts ond
orchive strotegies. These services require on FGDC<ompliont metodoto

documenl to occompony eoch dqto set. The use of on XMI encoding
scheme con be writton, edited, ond queried with simple desktop or
orrline tools provided to o colloborotivc teom of inyestigotors. These

dolo monogamont tools use bolh push lprooctive) ond pull (reoctivel

technologies for the exchonge of doto. They hove been designed,
developed, ond ore currently in use by o number portnarship reseorch

progroms ot the University ol Woshington. We hove experienced o
powerlul synergy behneen modelers ond observotionol sciences os o
resuh o[ this work. This presentotion reports on the recent odvonces ond
nsw perspectives in cyber-infrostructure implementotion in supporl of
computotionol eorth science modeling for coostol zone reseorch.
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ntegroled Modeling of Surfoce Woter in WRIA 8: An
Applicotion of the lntegroted Woter Resource Modeling
System (lWRMSl
Curfrs DeGospen *, King County, Deptortmenl oI Noturol Resources ond
Porks, Woter ond Lond Resources
Rondol Toiro, Pocific Northwest Nolionol Loborotory
Tom Georgionno, King Counly Dept of Noturol Resources ond Porks

Kevin Dorow. Pocific Northwest N otionol Loborotory

The King County Deporlment of Noturol Resources ond Porks IKCDNRP)
ond the Pocific Northwesl Notionol Loborotory (PNNtl hove developed
on integroted modeling ond doto monogemenl system colled the
lntegroted Woter Resources Modeling System (IWRMS). The IWRMS
provides the KCDNRP with o new copobility in which integroted
modeling con be performed to provide scienfilic supporl for s]udies

ond plonning ond policy decisions. The IWRMS is on inlegroted suite

of bols with componenls lor problem conception, doto horvesting,

integroting disporote computotionol models, centrol doto storoge,
distributed computing, ond ports to visuolizotion ond onolysis tools.
ln this poper we describe the process o[ implementing the IWRMS to
perform on infegroled modeling ossessmenl of surfoce woter in Wofer
Resource lnventory Areo 8 (WRIA 8). Components modeled include
WRIA 8 wotersheds, loke Sommomish, Sommomish River, ond loke
Woshington. Detoils on how the hordwore ond softwore components
were opplied ore provided olong with o discussion on chollenges
encountered ond potsnliol nexl steps for opplicofions ond development.

Ponel 7A: Ecoeystem lndicolors for Decision-
Moking on Suiloinobility
Choir: Gevon Moltu

The workshop session will present lhree recently+eleosed reports on

ecosystem indicotors, lrom o honsboundory, wotershed ond londscope
perspacliye: the Puget Sound / Georgio Bosin Ecosystem lndicotors
Report; the Froser Bosin Council's "Snopshot" reports; ond lhe Froser

River Esluory Monogement Progrom (FREMP) Monitoring Reporl.

These perspectives will be brought together to illustrote differences
in indicotor selection, consultotion, report developmenl, oulreoch,
ond conneclion with decision-moking in these dilferent conlexts.
The workshop will ollow discussion on stroiegic issues ond common

chollenges reloling to the developmenl ond use of ecosystem

indicotors to odvonce sustoinobilily in our shored region, with o gool of
documenting ond odvoncing the "stote of the ort". lssues to be covered

includa:evoluoling ond enhoncing the use of indicotors; developing

sustoinobility trorgeh ond benchmorks; ond visuol prasenfotion of
indicotors ond doto.

Ponel Members:
. Steve lir/<e, Froser Bosin Council
. Zito Botelho, Brirish Columbio Ministry ol Environment
. Michoel Ryllo, Erwironmentol Prolection Agency

Session 78: Morine Fish Dynomics ll
Choir; Ruston Sweefing

An Assesrment of the Efficocy of Foroge Fish Egg Surveys
Kirk Krueger*, Wosfiinglon Stote Deportmenl o{ Fish ond Wildlife
Don Penltilo, Wosfiington Deporrment of Fisfi ond Wildlite
Timothy Quinn, Woshington Deporfment of Fisfi ond Wildli{e

Pocific sond lonce (Ammodytes hexopterusl ond surf smelt {Hypomesus
pretiosis) ore imporlont foroge lor Pocific solmon, morine mommols, ond
morine birds. The stole of Woshington protects loroge ftsh ond their

spowning hobitot by limiting humon octivities on beoches where loroge
fish spowning (i.e., presence of eggs) hos been recorded. Extensive

survays using methods developed by the Woshington Deportment of tish

ond Wildlife hove sompled most of the beoches in Puget Sound. While

detection o[ sond lonce or surf smelt eggs is occepted os evidence
of presence, the reliobility of obsence doto hos not been rigorously

oss€sssd. Folse obsences, i.e., concluding lhe obsence of eggs when
in foct they ore presenl, moy result in issuing permils for octivities lhot
dlsturb foroge fish spowning. We colculoted the probobilities of
detecting the eggs of Pocific sond lonce, su# smell, ond either species,
given their presence on lhe beqch, using o ronge of somple sizes ot 3 or
4 elevolions obove meon low low woter (M[LW). Our results indicote
lhol o relotively smoll number o[ somplas ore required to reliobly detect
foroge lish spown. However, fte probobility of detection for o given
number of somples vories by species ond by somple elevotion relotive
lo MILW Foilure to detect foroge fish spowning is likely due to kue
obsence, but odditionol somples ond sompling ocross o ronge of beoch
elevotions con reduce the probobility of Iolse obsences.

Biocomplexity ond Metopopulolion Dynomicr of Pocific
Herring (Clupeo pallosiil in Puget Sound
Doniel/e A4;tche,l*, University of Woshington
Pol McAllkter, Kurf Stick, Woshington Depodment of Fisfi ond Wldli[e
Lorenz Houser, Universily oI Wosiington

Although the biocomplaxily concept hos been used to exploin the
resilience o[ solmon metopopulotions lo disturbonce, it is less estoblished
for morina populotions which ore typicolly difficuh to idsn fy.

Nevertheless, similor melopopulotion dynomics moy olso olfecl the
obundonce o[ mony morine species. Here, we exomined lemporol ond
spotiol voriotion in populotion shuclure ol ftve spowning oggregolions
of Pocific herring in Puget Sound lSemiohmoo Boy, Cherry Point, Port

Gomble, Quortermoster Horbor, Squoxin Poss) using l2 microsolellite
loci. By exomining potterns of differentiolion oyer q six yeor period
(.l999-2005), we deiected different dynomics of two spowning groups:

while Cherry Point herring ramoined geneticolly differentioted, the

genetic differentiotion o[ Squoxin Poss fish in 1999 hod disoppeored in

2005. We conftrm our previous hypothesis thot the lote spown-timing
ol Cherry Point herring relotive to other Puget Sound ossembloges moy
ocl os on eflective borrier to gene fow ond moy promote reproductive
isolotion of this stock. ln conlrost, the increose in obundonce of Squoxin
Poss herring, loss o[ their genetic differentiotion, ond results from genelic

ossignmsnl l6sts suggest thot this geogrophicolly isoloted populotion
moy hove experienced increosed immigrotion ond possibly replocement
by other slocks. We conclude thol Puget Sound hening ore well
described under o metopopulotion model.

Applicorion of Populotion Modeling lo ldenlify the Eostern
Pocific Decodol Oscillotion os o Foclor in the Decline lhe
Cherry Poinl Pocific Herring (Clopeo Pollos;) Stock
Woyne londis *, lE[ Wesiem Woslringlon University

The decline of the Cherry Point Pocific herring stock (CPPHS) hos been
determined lo be due to foctors not raloted lo the spowning oreo.
Londis et ol otributes the dacline ]o foctors operoting ot lorge scoles. ln
this study oge struc'tured populotion modeling wos incorporoted into o
weighl of evidence fromework 1o re-o<omine the risk loclors contribuling
to the decline of the CPPHS. The model wos used 10 colculote intrinsic
rote of increose ond equilibrium oge shucture for eoch yeor lrom 1974
until 2005, The resulting simulolions result in declining populotions
with dynomics similor to thot observed for CPPHS. Potterns of increose
ond decline in predicted populotion size in the simulolions suggesl
thol fishing moroloriums or other monogemenl oclions. The onolysis
demonslrotes $ot the cousolive ogenl for lhe decline of tha CPPHS

existed in the 1974-197 5 timefrome with ef{ects persisting until 2004.
Ihe results of the onolysis o[ the criterio for cousolity indicotes thot the
timing o1fie worming Pocific Decodol Oscillotion (PDO) corresponds
directly to the chonge in oge slruclure resulting in o declining
populotion. The cousotive mechonism moy well be the chonge in he
dishibution o[ pothogens os suggested by Hershberger et ol. due to
the worm PDO. The other Woshington Stote runs of Pocific herring ore



currently undergoing the some onolysis.

Diets of Lorvol ond Juvenilc Pocific Hokc ond Wolleye
Pollock in The Stroit of Gcorgio.
Cfirfsfllen Neville *, Richord BeomisA, Fisheries ond Oceons Conodo

Zooplonkton 6ggs ore o moior diet ilem lor lorvol Pocilic hoke ond
wolleye pollock in the Stroit o[ Georgio ot the time of exogenous
fueding. Between 1997 ond 2003 we sompled the guts o[
opproximotely 1500 lorvol hoke ond pollock from the Stroit of Georgio.
The eggs in the guls were vorious sizes wifi copepod eggs being the
mosl obundont. Pocific hoke hove increosed in obundonce over the
lost 50 yeors to become the dominole species in the Stroit of Georgio.
We propose thot lhe success of Pocific hoke is o result of o close linkoge
of the timing of copepod production ond the shift of these lorvol fish to

exogenous feeding. ln oddition, we discuss how shifts in the morine

climote moy offect these processes.

A Remorkoble Settlement of Young-of-the.Yeor Rockfishes
in Puget Sound ond the Stroit of Juon de Fuco in 2fi)6
Lorry LeCloir* , Roymond Buckley, Woyne Polsson, Robert Pocunskrl, Tony

Porro, Oceon Eveningsong, Jin Beom, Woshington Depod.nent ol fish
ond wildlite
Mott McCollum, Uniyersiry of Wqshingfon

During 2006, we inrrestigoted o remorkobly lorge settlement of
pos orvol rockfishes (Sebostes sp.) morine woters o[ Woshington.
Quonfilolive scubo hons€cts were conducted to delermine the

distribution ond obundonce ol youngofthe-yeor rockfishes in neorshore
hobitot ond how these porometers chonged with time ond growth. Two

moior pollerns of recruilment were observed. ln Puget Sound, high

densities of copper {S. courinus) ond quillbock (S. moliger) rockfishes

were observed in neorshore vegetoted hobitot including ottochad
footing ond submerged mocroolgoe. Lowar densitias were observed
in eelgross during the eorly summer. These post settlement lish initiolly
meosured between 20mm ond 40mm lotol length (T[), increosing to
neor 80mm TL by eorly foll when the fish moved loword deeper woter
ond their hobilot ossociotions chonged. The other pottern in rock{ish

seflement wos observed in fie Sro ol Juon de Fuco where unusuolly
lorge schools of rockfishes were observed in September ot both the
eoslern ond western ends of the stroit. The species composition o[ these

schools wos dilferent ond more voried thon those observed in Puget

Sound ond included S. melonops, S. pinniger, S. myslinus, S. entomelos,
ond S. flovidus. Genetic identilicotion using microsolellite loci wos used

lo determine the species composition of sompled iuveniles.

Ponel 7C: Seogross Reslorqtion in Sclish Seo
Choir: Ron 7}om

Seogrosses provide voluoble ecologicol functions lo coostol systems

bul ore under constont threot from development ond degroding
gnvironmentol conditions. Although not fully documentred, seogross

losses in the Solish Seo region ore believed to be extensive. As o result,

eelgross resiorolion ond mitigolion hos been increosing throughout the
region- Becouse o[ the chollenges in restoring eelgross ond onticipoled
fufure threots, o comprehensive ond coordinoted,seogross reslorotion
progrom is required to result in o nat goin in the oreo ond quolity of
seogross meodows. Future raslorotion proiects will need to odopt bosed
on prwious doto io improve soogross tronsplont success, however, the
resuhs of the multitude of seogross tronsplont efforts ore mixed ond
often not reodily ovoiloble. lt is only through open ond cooperotive
regio+wide ef{ort thot lrue progrsss ioword o nel improvement in

seogross systems.will be mode. The gool of the session is to provide

on opportunity for 3cienlistl consultonts ond monogers to nelwork ond
present melhods ond resulh of seogross restorotion proiecls.

Ponel Members:
. Je$rey Gaeckle, Woshingion Stote Deportmenl of Noturol

Resources
c Pete Dovttl, Woshington Slote Deportment oI Nolurol Resources
. Cynthio Duronce, Precrsion ldenfificolion
. Monhew Boyle, Gretie Associotes, [C
. Amy Borde, Eoftelle ilorine Sciences loborotory

Eelgross lZostero Marina L.l Stotus ond Trends in Greoter
Puget Sound: Locol Chonge Within Lorge,Scole Srobilib/
Jellrey Goeckle, Pete Dowly, Eloin Reeves, Helen Berry, Woshington
Sbre Deportment of Noturol Resources

Sondy WyllieEcheverio, Universiry oi Woshington
Tom Mum{ord, Woslington Stote Deportment oI Nofurol Resources

The Neorshore Hobitot Progrom in the Woshington Stote Deportment of
Nolurol Resources (WADNR) hos monitored seogross (Zostero rnorino
L.) stotus ond trends throughout greoter Puget Sound since 2000 os port
of the Submerged Vegetotion Moniloring Proiect (SVMP). The SVMP
experimenlol design ond stotisticol lromework extropolote sound-wide
Z. morino oreo from rondom sitelevel sompling throughout the greoter
Pugat Sound study oreo. ln 2005, the SVMP estimoted there were
20,d00 hq ol Z. morina oreo distributed equolly beMeen flots ond
Iringe seogross hobilot types. There wos no significont chonge in ihe
2005 sound-wide Z. morino oreo estimote relotive to preyious yeors.

However, o multi-porometer ossessm6nt of site-level chonge, in oddition
lo independent doto, provides couse lor concern in two regions of
Puget Sound. Neorly 25% of the 62 motching sites sompled in 2004
ond 2005 showed o significont decreosa in Z. morino oreo during the
chonge intervol whila only 6% of the sites showed o significont increose,

A new onolysis of deplh distribution found thot most o[ the Z. mo no

sompled wos found between 0 to -5 m MLI.W (Meon lower Low Woterl
with o moximum recorded depth ot -l 1.9 m MLLW.

Biophysicol Modcling to Assosr the Effect Of Chonges
in fhc Light Environmenl on Zortrro ltrlorino (Eelgrossf
Produdion ond Growth
Pete Dowly, Woshinglon Siote Deporrment of Noturol Resources
Douglos Bultfiuis, Woshiogton Dept. o( Ecobgy

ln response to locolized declines in Z. morino in Woshington Stote,

the slote Deportment of Noturol Resources inilioted on offort to
invesligote the key stressors cousing these declines. Doto sondes will
be deployed in Z. morino beds ot selected sites lo continuously monitor
light IPAR) ond other woter quolity porometers. A biophysicol model
ol Z. norino production ond growlh is being developed os o woy to
synthesiza these doto slreoms ond inlerprel sile differences in t'erms of
effects on seosonol ond onnuql Z. morino performonce. The model
initiolly emphosizes plont response to light ond builds on the work of
R. Zimmermon developed in Son troncisco Boy. The model wos tesbd
using continuous woter quolity doto collected by fie Woshington Stote

Deporlment o[ Ecology ot conhosling sites in the Podillo Boy Notionol
Estuorine Reseorch Reserve. The retults volidote bosic model behovior
ond demonstrole the imporlonce ol porticulor poltems in the fime-

vorying light ovoilobility.

Eelgross Restorotion ond Compensotion in the British
Columbio
Cynlhio Duronce, Precrsion ldenfficotion

A tremendous loss of eelgross lZoslero morinol hobitot hos occurred
in the Pociffc Nodhwest over fie lost century due to lilling, dredging,
ond industriol impocls. With the reolizolion of tha importonce of
these hobitots, ond in response lo lhs loss ond continuol development
pressure, Fisheries ond Oceons Conodo instituted o "No Net Loss of
Productive Hobitof Policy. ln response to this policy in British Columbio,
o method wos developed thot hos been used to successfully restore ond
creote eelgross hobitot.

Methods to tronsplont eelgross were initiolly developed in ihe 1970s
ond 1980s, primorily olong the eostern seoboord of the United
Stoles. lniliol oltempts lo tronsplont eelgross in the Pociftc Northwest
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using these techniques wsre less successful. A ronsplont method wos
developed in the mid-I990s in Brilish Columbio thot hos proven highly
successful. The method considers genetic voriotion between populotions
of eelgross, seosonolity, ond the hydrodynomic regime of tronsplont

sites. The melhod hos been employed ol over 30 sites since 1994. The

tronsplonted oreos typicolly ochieve noturol density ond cover within
three yeors. The eorliest konsplont wos 5,400 squore meters in 1994
ond hos provided donor stock for severol subsequent lronsplonts. The

foctors thot hove contributed to successful restorotion ond compensotion
ore discussed.

The Droyton Horbor Eelgross Hobitot
Molthew Boyle, Grefre Associoles, [[C
Mile Stoner, Port ol Bellinghom
Glenn Grefte, Gretfe Asociotes, llC
During lhe plonning phoses of the Port of Bellinghom's Bloine Horbor
Morino Exponsion, Port officiols identiffed the opportunity fior o lorge-
scole hobitot proiect using cleon dredged moteriol from the morino
bosin. lnsteod of troditionol open.woter disposol, the sediment from the

morino wos deposited ot o low spot in Droyton Horbor ond resulted in
lhe conversion of over l5 ocres of subtidol oreo to on intertidol,/shollow
subtidol oreo thot would be more occessible to iuvenile solmonids. This

wos o volunlory oclion of the Port, ond wos noi required os mitigotion.

ln order lo ossess lhe existing hobitot ond inlorm the sile locoting
process, o physicol chorocterizotion of sediments in existing eelgross
beds wos conducted os well os mocroinvertebrote surveys in Droyton
Horbor. The prefened site wos identified bosed on the relotively low
existing hobitot function lo torget species (solmon, Dungeness crobl
compored lo the surrounding oreos, ond the potentiol for increosed
function. ln porticulor, the likelihood of eelgross to colonize ond lhrive
on-site wos considered o significont potentiol benefft.

Afler moteriol hod been ploced, eelgross test plots were plonted over
o live yeor period. Ongoing monitoring, including dGPS mopping
qnd oeriol photogrophy indicotes thot plonted eelgross hos survived

ond spreod, ond voluntear plonts hove colonized over much of the sile.

Monitoring for solmonid prey orgonisms indicotes the site is providing

reoring hobilot lor iuvenile ffsh, ond Dungeness crob hove been
regulorly observed during monitoring efforts.

The success of the Drogon Horbor site demonstroles the potenliol for
beneficiol use of dredge moleriol ot o corelully selected locotion to
conslruct voluoble hobilot.

Eelgross Restorolion: Stote of the Science in the Pocific

Northwest
Amy Borde, Sue Southord, Bottelle Morine Sciences toborolory

Plonting of eelgross for reslorotion doles bock to the 1970's in the
Pociftc Northwest ond perhops eorlier. Dr. Ron Phillips conducted
plontings in the eorly 1970's for reseorch purposes. There is onecdotol
in[ormotion thot eelgross wos plonted os Bront goose feeding hobitot
by wildlife biologists os for bock os the '1940's ond 1950's on o very
limited bosis. A review published in 1990 indicoted thot o moiority
(57%) of the eelgross proiects conducted olong the west coost lmony o[
which were in lhe Northwest) were ot leost portiolly success{ul. Eelgross

reseorchers who were very knowledgeoble of plont requirements

corried out the most success{ul plontings. Since thot time, eelgross
reslorotion hos odvqnced in the Northwesl primorily os compensotory
mitigotion lor coostol developmanl proiecls. Eelgross restorotion proiects

not ossocioted with mitigotion ore few but growing in number. Although

the prevoiling view is thot eelgross restorotion is generolly unsuccesslul,

there ore o number o[ exomples where eelgross restorolion hos been

occomplished. Success{ul projecls hove in common lhe elements of
coreful plonning, plonting ond performonce monitoring.

Pottems of Chonge ond Stobility in Distribution o[
Eelgrosses ond Mocroolgoe in Pqdillo Boy, Woshinglon,
1989 ro 2004
Douglos Bulthuis ", Podillo Boy Norion ol Esluorine Reseorch Reserve

Suzonne Shull, Podillo Boy Notionol Estuorine Reseorch Reserve

Eelgrosses lZoslero morino ond Z. ioponico), mocroolgol beds
(primorily Ulvo spp- ond Enteromorpho spp.), ond inlartidol flots without
mocrovegetolion were mopped in Podillo Boy, Woshington in 1989,
2000, ond 2004. True color oeriol photogrophs were token during
on extreme summer low tide event eoch yeor. Photointerpretotion ond
ground lruth investigotions (ot 100, 250 ond 1360 siles respectively)
were combined eoch yeor with different methods of digilizing ond
georectificotion to produce distribution mops of vegelotion in Podillo
Boy. Comporisons were mode omong yeors in the totol oreo covered
by vegetotion, in the diskibution of individuol species, ond in the goins
ond losses in locol sub-oreos of Podillo Boy. Eelgrossas consislenlly
covered 3-4000 hectores of intertidol ond subtidolflots in Podillo Boy,

with intercnnuol voriolion mosl pronounced on the inlertidol flots obove
meon woter-

Session 7D: Ecologico! Assessmenl Following
Rertorolion
Choir: Scoff Redmon

Historicol Chonges in Neorshore Sedimentotion ond
Hobitot Avoilobilityi the Skogit River Deho
Eric Grossmon *, U.S, Geologico/ Survey

J.P- Wolsh, Eoslern Corolino Universily
Doug BultAuil Podillo Boy Notrbnol Estuqrine Reseorch Reserye

Reslorotion of hobitot to rocover o growing number of ESAlisted toxo
is oclive throughout Puget Sound despite limiled understonding of
neorshore hobitot quolity, hobitot ovoilobility ond fie extent to which
neorshore syslems respond to lond use. Using seismic reflection profiling
ond onolyses of sedimenl cores, we reconslrucl how neorshore hobitots
hove evolved in response to noturol voriobility ov€r the post severol

thousond yeors ond humon lond-use octivities over the lost 150 yeors
ocross lhe greoler Skogit River delto. High resolution CHIRP seismic

reflection proftles reveol morked refleciion surfoces lhot moy be reloted
to erosion or lithology. including Glocier Peok lohor deposits ond recent
sediments. Sediments from cores reveol obrupl chonges in sediment
groin size, with significont coorsening offshore of chonnelized river
flow. 2iOPb ond l4C do ng of sedimont cores reveols thot these obrupt
chonges begon co. 1850 ond thot sedimsnl occumulotion roles hove
genarolly increosed 2l0x ocross extensive oreos of lhe neorshore.
These records help to quontify the regionol sediment budget ond extenl
to which eelgross, pockst esluories ond foroge fish spowning siles

chonge due to sediment impocts reloted to lond use. They provide key
criterio for dweloping reslorotion strotegiet predicting outcomes, ond
recovering neorshore ecosystem haollh.

An lnlegroted Ecologicol ond Humon Heolth Risk Model
Ior Leke Wholcom, o Multiple,Use Woter Supply in
Whdcom County WA
Christino lM. Moginnis', Woyne G. londis, Western Woshrngton
University

A screening level integroted ecologicol ond humon heolth risk

ossessmenl wos conducted for Loke Whotcom in Whotcom County,
WA. This multipl+use wotershed serves os the only surloce woter supply
for over 86,000 people ond locks o comprahensive monogement
plon. Insteod, severol iurisdictions hove con{licting monogemenl
responsibilities in regords to lond use policies, recreotionol uses, ond
doto collection elforts. The integroted risk ossessment found thot lond
disturbonce posed the greotest risk to the endpoints of woter quolity
ond humon heolth. A Monte Corlo uncertointy onolysis wos performed
using Crystol Boll softwore, ond reveoled lhot lhe risk model con
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succassfully predic-t risk dospite doto gops. Additionol doto rvould
reduce uncertointy, os well os more cleorly identify risk reduction

meosures {or eoch sourcs. ln conkost, o Woshinglon Deportment

of Ecology Totol Moximum Doily Looding (TMDl,l study focused on
limiting Totol Phosphorus levsls in Loke Whotcom. Unlike the TMDL,

fie integroted risk ossessment colculotes risk lor multiple sources ond
shessors, rother thon for only one contominonl. An eliminolion of lotol
Phosphorus os o stressor would only reduce risk to the wotershed by 20
percent. The integroted fromework devaloped in this study is opplicoble
lo othar regions monoging ropid populotion growth ond development in

multiple-use wotersheds.

Wolershe45cole HSPF Modeling to Evoluote the
Hydrologic Effeers of Floodploin Restorstion ond its
Ability to Miligote the Hydrologic lmpocls oI Highwoy
Construclion
Ed Molosh*, Wosf,ington Stole Deporfmenf of Tronsporlolion
Joe Brosher, Cleor Creelr Solutions

The Beor Creek watarshed is o r'8,000 ocre,4th order tributory to the

Sommomish River in King County, Woshington. The Woshington Stote

Deporlment o[ Tronsporlolion initioted computer modeling investigotions
to detarmine whether floodploin restorolion ot lhe confluence of Beor

ond Evons Creeks could mitigote the hydrologic effects of highwoy
exponsion by reducing in-sheom peok flows ond the frequency o[
erosive ond chonnel-forming flows. A colibroted Hydrologic Simulotion

Progrom-Fortron (HSPF) model wos modified to exomine 1'l restorotion,/
miligolion scenorios ond lhe conventionol llow control method - o wel
vouh designed to motch prederreloped fow/durotion stotistics. The

resuhs indicote thot reforeslotion of 0.2 percent of the totol wotershed

reduced oll peok fows between 50% of the 2 yeor slorm to the

50 yeor storm by 0.2 percent. Adding bockwcter wetlonds to the
floodploin restorotion scenorios reduced peok flows by 3.9% to I I .0%

ond reduced the frequency of significont erosive ond chonnelJorming

fows Ior oll scenorios evoluobd. The results indicote thol floodploin
restorotion hos the obility to "lum bock the clock" hydrologicolly
ond moy be on effective ond costeffective strolegy lor mitigoting

the hydrologic impocts of highwoy construction ond ossocioted

development.

Sesgion 7E: Slormwoter Solulions
Choir: Bruce Wulkon

Non Point Sources of Pollution in lhe lower Froser Volley:
19702006
Jenni{er MocDonold*, IRES/UBC & Environmenl Conodo
Sondro 8rown, Hons Schreier, Ken Holl, lnstitule for Resources &
Environment (IRESJ UBC
How io deol with ogriculturol ond urbon non-point sources ol pollufion

ora th6 moin woler quolity chollenges in the hibutories of the lower
Frosar Volley. Trends in woler quolity hove been exomined over fie post

30 yeors in o lorge number of wotersheds by the UBC teom ond the

results indicole thot progress is being mode by introducing innovolive

mitigotion ond pollution prevenlion meosures. However. nulrient ond
troc6 m6tol problems in the mosl intensively used ogriculturol oreo ore
increosing. Chonges in impervious oreos in the urbon environmenl

coupled with the increose in tronsporlotion ore conkibuting to increosed

melol ond orgonic conlominotion in woter ond sedimenfs- This is

demonstroted in two urbon, one urbon+urol fringe ond firee ogriculfurol

wotershsds, which hove been studied over o 30 yeor period. The

presentolion will highlight the impocts of lond use oclivilies on slreom,

locol groundwoter ond sediment quolity. The effecliveness o[ innovotive

slormwoter detenlion systems ond protective buffer zone meosures will

be feotured to show how such opprooches con help in reducing he
impocts.

Urbon NorrPoint Source lmpocls on Seottle Areo Slreom
Phosphorus Tronsport
Michoel Erelt', Soro Muller, Ben Brotbbo, lMicoelo El/iso4 George
Arhonditsix University of Woshington

We hove conducled o series of studies looking ot urbon lond cover

impocfs on slreom nutrienl tronsport in tho King County region ol Pugel

Sound. These streom colchments ossessed ore olong o grodient of
73% toresl to 877" urbon lond cover, with no moior nutrient poinl
sources. Nulrienl tronsport in lhese study siles wos exominsd ot
decodol, seosonol, doily ond hourly increments. Overoll, sreom woler
phosphorus concentrotions w€re moderotely shongly correloted with
cotchment lond<over type, whereos nilrogen concentrolions were only
weokly correloted with lond cover. Dissolved nukients concanlrolions
hod distinct seosonol cycles, with dissolved P peoking in the summer

ond dissolved N peoking in the winter, bul voried little ot doily ond

hourly increments even during storm avonls. Porticulote phosphorus hod

extremely dynomic concentrotion fluctuotions which were ossocioted
with short term flow spikes. Approximotely 25% o[ the totol TP tronsport

in these streoms occurred during iust 2-5% of doys, but this ironsporl
wos dominoied by porticulole P wilh low li.e. 2G25%l bioovoilobilily.

Bioretention Desigo Sizing, ond Flow Control Benefirs
Curlis Hinmon *, Woshingl,on Sloie University

Over the post few yeors much oflention hos been directed to

educoting engineers, plonners, ond ollied disciplines obout low impoc+

development ond slormwoter monogemenl in weslern Woshington.
For exomple, in Jonuory 2005, WSU Extension ond the Puget Sound
Aclion Teom completed the Low lmpocl Development Technicol
Guidonce Monuol fior Puget Sound thot serves os o resource for western
Woshington slormwoter monogers. Currently, litlle otlention hos been
directed toword homeowners concerning the benefits of LlD ond in
porticulor design ossislonce for the primory UD opplicotion6bioretention
or roin gordens. During Februory 2007 th! first roin gorden guide

for weslern Woshinglon homeowners will be completed by WSU ond
regionol experts in slormwoter monogement, hydrology, ond londscope
orchiteclure. To belter understond the level o[ flow control thot con be

expected from biorelention instollotions, extensiye modeling exomining

different impervious surfoce coveroge's, soil types ond roinfoll omounts

wos conducted using the Western Woshington Hydrologic Model lthe
primory slormwoter design model recommended by WA Deportment
o[ Ecologyl. WWHM3 PRO incorporotes ihe lotest monitoring doto on

bioretenlion flow conhol collected by City of Seottle over lhe post four
yeors- The presenlotion will briefly inkoduce the roin gorden hondbook
ond then locus on lhe modeling process for the project ond the resulfing

bioretention sizing ond flow control guidelines.

Stormwoler Quontity Control for Highwoys ond
Subdivisions. The Cose for Exempting Proiects Dischorging
to lorge Slrcoms
David Hortley', Deret Stuort, Nodhwest Hydroulic Consultook, Seottle
Ofrice
Sorolr Nortfi, Noahwesf Hydroulic Consultronh, Voncouver, B.C. Office

Prior to 2005, Woshington Slote Deportment of Tronsportotion
(WSDOT) ond other stormwoter monogement ogencies opplied "best
professionol iudgment" to identify river reoches "big" enough lo receive

stormwoter runoff directly from highwoys ond subdivisions with no

slormwoter quonlity control focility ond only woter quolily treolmenl.
Aher rhe ESA lislng of the Puget Sound Chinook, the Federol Services

requested thol the Deportment ol Ecology (WADOE) ond WSDOT
provide o scientific rotionole [or thase river exemptions. ln eoslarn
Woshington, WADOE hod recently determined thot best ovoiloble
science supported quonlity control focilities to proteci smoll streoms,

but not slreoms lorger thon 5lh order. This wos the deportura poinl lor
delermining criterio for the conhosling climotic, physiogrophic, ond
lond use condilions west o[ the Coscodes. Since ovoiloble literoture
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suggested o lock of precise iools reloting streom instobilily ond olher
impocts to lond use octions or streom size, on ecologicolly coutious
opprooch requiring simultoneous sotisfocfion o{ both conservolive

streom size ond lond cover chonge criteriq wos proposed. GIS tools
were conceived ond opplied to screen oll weslern Woshinglon streoms

for these two criterio ond thus identily reoches suitoble for quontiiy
conlrol exemption. The resultont list of exempt reoches hos been
incorporoted into both the 2005 WSDOT Highwoy Runoff Monuol ond

the WADOE Slormwoter Monuol for Weslern Woshington.

Using Morket Forces lo lmplemenl Sustoinoble Slormwoter
Monogement
Jim Middough*, Don Vizzini, Cily of Portlond Environmentol Services

Growth ond inodequote infroskucture hove impoired Portlond's

noturol systems- Troditionol responses ore inodBquole lo meel existing

or emerging demonds. Portlond's immediole respons€ is lo invest

$1.4 billion in lorge tunnels thot will monogeobout l5 percent of the

development plonned through 2040- To oddress community, oconomic

ond environmentol concerns, Portlond olso is evoluoting the faosibility
o[ using o credit troding syslem Jo creole incentives for property owners

lo instoll smoll-scole, performonce.bosed slormwoter systems. The study

is focused on current ond future infrostruclure needs, the potentiol

environmentol ond sconomic banefits from privote redevelopment
ond retrofit opportunili6s, lhe relotionship of o credit troding system

to the finonciol structure of the City's utilities, the likely levals of public

occeptonce ond porticipotion, ond the costs of odministsring the credit

troding system. The proiecl olso is ohempting to estoblish ecosystem

service volues of BMPs compored with troditionol piped opprooches,
confirm voluotion of future flow control ond stormwoter quolity, conduct
on ossessmant o[ the regulotory ond policy implicotions of the progrom,

ond lo evoluote economic ond sociol equiiy issues lhol moy orise from it.

Porking Lots to Creeks lo Pugel Sound
Melindo Fohn*, Kitsop County Heolth District

Kitsop County Heolth Diskict (Heolth Districl| ond Kitsop County
Surfoce ond Stormwoter Monogemenl ore toking o unique opprooch
to reduce fecol pollulion threotening shellfish beds in Dyes lnlet,

Silverdole. Woshington. Onsite sewoge syslem inspections, stormwoter

sile inspections, ond educolion of property owners ond tenonrs in lhis

predominondy commerciol lond use oreo hove resulted in o stotisticolly

signiftcont reduction in fecol coliform bocterio in Cleor Creek, the moior

lresh woter tributory into Dyes lnlet. Since 2005, the Heolth Diskict

ond Surfoce ond Stormwoler Monogement hove performad slormwoler

system site inspections o[ over 200 torgeted commerciol properties.

Thirty percent (30%) o[ the properties inspected required moinlenonce,

predominotely sediment removol. A moiority (96%l of property owners

hove complied with mointenonce deliciency correclion requests.

Additionolly, educotionol surveys hove been conducted with tenonts of
the properties- Educotionol surveys inform tenonts on how lo monoge

their business to produca cleon slormwoler runoff. Fulure work includes

completing odditionol educotionol surveys, [ollow-up woter quolity
monitoring ol problem slormwoter outfolls, ond ossessing the quolity

of morine woter ond sheoms in the Dyes lnlet wotershed. This proiect

educotes wolershed residents ond property owners obout their octions
linking woter quolity, public heolth ond stormwoter system moinlenonce.

Low lmpocl Soldions to Stormwsfer lrom Smoll Form
Confinement Areos
Erion Stofil*, Riclord Geiger, Kihop Conservotion Dishict

Locoted beh,veen the Hood Conol ond centrol Puget Sound, Kitsop

county droins lo both bodies of woter, with 228 miles of shoreline

ond numerous boys ond inlets ideol for shellffsh growing ond booting.

The county is olso home to opproximotely 2000 smoll forms, As

development increos6s, monogsment of storm wqter through control of
impewious surloces hos becoma cri]icol.

Smoll forms typicolly concenlrote livestock in heovy use oreos (HUAs]

for feeding, housing, ond other purposes to protect posturelond, prevent

soil compoction, ond protect noturol resources. ln wet weother, liveslock

confined in these oreos creote mud ond impervious conditions. lf HUA

surfocing hos been instolled, it is usuolly considered impervious os well,

due to lhe type of moteriols, such os concrele ond compocted grovels,

used. Kitsop County code requires ony development or redevelopment
which results in lhe creolion or occumulotion o[ five thousond or more

squore feet o{ impervious surfoce lincluding ony impervious HUA oreos)

lo meet Storm Woter Droinoge requirements.

Using o locol model, Kitsop Conservotion Dislrict will demonstrote
o feosibility ond engineering methodology thot will offer smoll form
owners solutions lo slorm woter infiltrotion on their property. This design
provides o serviceoble HUA ond storm woter retenlion, detention ond

conkolled releose oll within o single oreo or "footprint." Typicolly,

runoff from on HUA would need to be dkected into o seporote
retention/detention pond with on oullet conirol structure- This resulls

in severol design requirements thot detroct from the funclion of o smoll

form. The seporote lond oreo for the pond serves no other purpose,

ond would probobly need to be fenced to keep livestock out. To

ochieve lhe required volume, ihe storm woter designer must bolonce
pond surfoce oreo ogoinst pond deplh ond length of outlel fow
conveyonce lor the pond to fill ond meter out storm runoff with grovity
flow To toke odvonloge of infiltrolion, the pond's bottom oreo must be
os lorge os possible. Rolher thon burden the londowner with siluoling

odditionol focilities inside o smoll porcel, oll these functions con be
integroted within the heovy use oreo.

Ponel 7F: The Shored Wolers Alliqnce:
Prooctively Addressing Woter Gluolity in on
lnternotionql ond Multi-Jurisdictionol Wotershed
Choi: Julio Brydon

The Shored Woters Allionce (SWA) is on internolionol working group
focused on lhe woter quolity of the Conodion-US shored woters of
Boundory Boy. Boundory Boy's woters support o rich ond diverse

ecosystem; however, os the region's populotion hos grown, these wolers
hove experienced vorying degrees of environmenlol degrodotion due
to urbonizotion ond ogriculturol intensiftcotion. The SWA rl,os formed

in 1999 ond is mode up of govarnmonl raprosentolives, First Notions

ond community groups from both countries. A primory driver for the

formotion of this working group wos the shellfish contominotion thot hod

closed Boundory Boy for horvesting since 1962. Since then, the focus
of tha group hos exponded to reflect emerging concerns. Wotershed
studies hovo been conducted, including o circulotion study of Droy'on

Horbour ond o survey of oufolls olong lhe Boy, which identified the

Little Compbell River {LCR) os the most signilicont contributor o[ fecol
conlominolion inlo Droyton Horbour. These resuhs led to o wotershed
chorociarizotion study of the LCR ond o woter quolity moniloring
progrom which links into o wotershed lorecost modeling system. The

experiences o{ the SWA reflect how o multi-iuridictionol wotershed with
numerous non-poinl sources of pollu on con be monoged through o
coordinoted effort omong different stokeholders. Presentotions will be

followed by o ponel discussion.

Ponel lV1emberc
. Aiice Cfieung, Enyironmenl Conodo
. Pomelo Zeit, Adomoh Consultonts
. Christy Juteou, 8C Ministy ol Enyironment
o Stuort Homiltoo Environmenl Conodo
. Dovid Riley,lirle Compbell Wotershed Society
. Corrie Boroo City of Surrey
. Hillory Culverwe[ Puget Sound Acibn Ieom
r Joonne Cho/es, Semiohmoo First Nolion
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Ponel 8A: Hypoxio in Estuqrine qnd Coastol
Areqs of the Pocific Northwest
Choir: Jon A. Newlon

This session is o ponel presentotion ond discussion o[ spotiol ond
temporol observotiont of hypoxio in estuorine ond coostol oreos of lhe
Pocific Northwesl. lnvited ponelisls will present doto lrom lhe coostol
shelf, Georgio Bosin, ond Puget Sound including Hood Conol. Hypoxio
is o complex issue becouse the loctors driving it ore diversa ond con
include bo$ lorgescole climote ond oceonic lorcings os well os locol
scole perlurbotions in the wotershed or londuse. We will exomine
the potterns in th6 enti16 region ond discuss underlying mechonisms.

Ponelists will present short summories ond then there will be o generol

discussion with lhe oudience.

Ponel Members;
. Al De'tol, University of Woshington
. Je{t Richey, University of Woshington
. Woyne Poisson, Woshington Stote Deportment ol Fish ond Wildlile
. Pete Dowly, Woshington Store Deporlment o[ Noturol Resources
. Joel FIlioO University oI Puget Sound
. Mitsuhiro Kowose, Universily ol Woshington
. Bohyun &ohng, University oI Woshington
. Sondy Po rker-S feter, University of Wosfiinglon

Secsion 88: Juvenile Solmon Hobitot
Choir:. Kurl Fresh

Distribution lnformotion from Code4Wire Tog Recoveries
of Juvenile Coho ond Chinook Solmon Releoced into the
Stroit of Georgio ond Pugel Sound from 1997 to 2OO7,
Richoad BeomisA 

*, Fisheries ond Oceons Conodo
Ruston Sweeting, FisAeries qnd Oceons Conodo

We report the results of on onolysis of over 5000 coded-wire tog
recoveries o[ oceon oge 0 coho ond chinook solmon coptured in our

surveys from 1997 lo 2OO7. ln the July surveys, o consistent percenloge
of obout l0-15% of the togged coho in the Stroil of Georgio were from
Puget Sound. Most (92%l of these coho were lrom the Nooksock ond
Skogit River oreos (WAO'I ond WA02l. No tqggod coho releosed
into the Skoit of Georgio were found in Pugel Sound ond few coho
from WA0l ond WA02 were coptured south of their releose oreos.
Recoreries in Juon de Fuco Stroil ond off the west coost of Voncouver
lslond were virtuolly oll from releoses from Puget Sound lrom oreos
WAO1 ond WAO2. ln the September surveys, lhe number of togged
coho in the Stroit of Georgio remoined high, while recoptures in Pugat

Sound dropped dromoticolly. There were lorge increoses in log
recoptures in Juon de Fuco Stroit ond off the wesl cost of Voncouver
lslond, with most of lhese coho originoling firom the soulhern porl of
Puget Sound (WA03 to WA05).

About l0% of the togged iwenile chinook solmon recoplurad in the

Stroit of Georgio in July were from Puget Sound ond virtuolly oll were
{rom WA0l ond WA02. Only one chinook releosed into the Skoii of
Georgio wos recoptured in Puget Sound. ln September, the percentoge

of togged coho releosed in Puget Sound ond recoptured in the Stroit

ol Georgio remoined unchonged except fiot most o[ these coho come
from WA03, WA04 ond WA05. Unlike coho, lorge numberc of togged
chinook solmon were coplured in Puget Sound in September. About 3%

of lhese recoptures were originolly releosed ofl Conodo. Cotches in

Juon de Fuco ond ofl the west coost ol Voncouver lslond indicoted thot

chinook solmon lrom Puget Sound fie Stroit of Georgio were moving

offshore.

ln generol, fie pottern ol releoses ond recoplures indicoted thot coho
releosed into lhe Stroil of Georgio virluolly never enter Puget Sound

ond only o few percent o[ the chinook releosed in the Stroit o[ Georgio
enbr the sound. Virtuolly oll the coho releosed into Puget Sound ond
coptured in the Stroit of Georgio were from the Skogit/Nooksock oreo.
ln foct, these coho were not common in our cotches in Puget Sound

south of this oreo. Tog recoptures showed thot most coho left Puget

Sound in August ond the Stroit of Georgio ofter September Chinook
remoined in Puget Sound through September.

Juvenile Chinook Solmon Use of Smoll Non-Notol Estuories
in the Whidbcy Bosin
Eric Beomer', Skogil RrVer System Cooperotiye
Aundreo McBride, Skogir River System Cooperotive
Kurt Fresh, NOAA - Norrfrwest Fisheries Science Cenler

Skogit Boy ressorch conducted in 2002 {ound thot wild lry migront
Chinook solmon exlensively use non.notol pockel estuories. Non-notol
pocket esluories ore smoll estuories within the londscope thot ore nol
ossocioted with solmon beoring wotersheds. A lorge estuory like Puget

Sound conloins river moulh estuories & smoller-scole esluories olong
its morgins. Our understonding of Chinook solmon ecology in pocket
estuories hos thus lor been limited to si]es within Skogit Boy. We hove
now exponded our reseorch lo 10 sites throughout Whidbey Bosin

in order to better understond the potentiol role o[ pocket estuories

in lhe lorger scole solmon ecology. Our reseorch hos shown thot
differences in hobitot type, onnuol smolt populotion size, ond londscope
connectivily oll influence iuvenile Chinook solmon use of neorshore
hobitots. We generolly observe higher densities of iuvenile Chinook

solmon ot pockel estuory sites neorest notol Chinook river moulhs. We
olso find 3 of 4 corridor pocket estuory sites (those distont from ony
river) hove consistent juvenile Chinook solmon use, suggesting thot
corridor sites ore olso importont in fie neorshore londscope os solmon

trovel from their nolol rivers lo oceon environmonts. More study is

needed to quontily how ftsh move within lhe neorshore enyironment,
especiolly ofter they hove exilad notol river estuories.

Fomsby Crcek/Smokehouse Floodploin SRT Projecl
Slwe Hinton', Skogit River System Cooperolive
RocAel tovelford Swinomisfi Tribol Community
fodd Mrtchell, Swinomisfi Iribol Communify

Funded by the Woshington Stote Solmon Recovery Funding Boord,

USFWS, ond NRCS this de gote replocement proiect conducted by
the Swinomish Tribol Community, of [oConner Woshington, begon
boseline doto colleclion in 2003. ln 2005 on ?berdeen style" gote
design wos instolled ond tosted. ln dddition, the proiea included
severol floodploin ond riporion elements designed lo improve hobitot
quolity in preporotion {or solmonid utilizotion. The proiect went fully
operotion during the solmonid oul migrotion period eorly in 2006. This

presenlotion provides o glimpse ot initiol monitoring resuhs from dolo
collected on fish use, groundwoler effects, surfoce woter, ond solinity
movement lhrough the 2006 migrolion seoson relolive to boseline
informotion. This presentolion olso provides insight to the design,
implementotion ond operotion of o born door style hydroulic design os

o solution to fish possoge issues.

Juvenile Solmonid Use of Off-Chonnel Morsh ond
Vegetoted Distributory Chonnel Edge Hobitots in the
Snohomish River Estuory, Puget Sound
tllindy Rowse 

*, NOAA/NM FSINWFSC
Andrew Hoos, Snohomish County, Deportmenr oI Public Worfts
Kurf Fresh, NOAA Fisfieries, Norfiwesl Fisheries Science Cenier
Anno Kogley, NOAA Fisheries, Nor/rwesl Fisheries Science Center
Joshuo Cfiomber/io NOAA Fisheries, Nortfiwesf Fisheries Science

Cenler
Todd Zockey, The Tulolip lribes, Noturol Resources Deporlmenl

The Snohomish River estuory/delto prorides criticol hobitot for Chinook
ond oiher iuvenile solmonids os they migrote from freshwoter to oceon
leeding grounds. luvenile solmon use off<honnel morsh ond vegetoted
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distributory ci,,rnnel edge hobitots for reoring during their tronsition

between fresh ond soll woter. Although use of off<honnel morsh

hobitot is well documented. little is known obout use of distributory
chonnel morgins. ln the Snohomish delto, 85% of the pre-setflemenl

tidol morsh extent hos been lost due lo dlking ond filling. Most
remoining hobitot is locoted olong the edge of four moior distributory

chonnels. Diking, cleoring ond LWD remoyol hove greotly simplified
these estuory hobitots. We studied iuvenilo solmon use of off<honnel
morsh ond vegetoted chonnel edge hobitots in spring ond summer

using enclosure trops. We compored blind tidol morsh chonnels, simple
(no LWD) vegetoted distributory chonnel edges, ond complex (LWD)

yegetoted distributory chonnel edges. Preliminory resulls indicote

chonnel edge hobitots hove increosed species richnass when LWD is

present. Edge hobitots olso hove similor solmonid densities compored
to olkhonnel morsh hobitots. Relotive to iuvenile solmon distribution
ond the continuity of suitoble hobitots, distributory chonnel edge hobitot
represenls on oreo imporlont for iuvenile solmonids reoring in the

Snohomish River estuory.

Spo$ol ond Temporol use of the Snohomish River Estuory
by Four Species of Juvenile Solmon
Kurt FresA 

*, A4indy Rowse, Anno Kogley, NOAA Fisheries, NWfSC
Erion Keldor, Tulolip lndion Tribe (cvrrently ot Syrocuse Universily)
Joshuo Chomberlin, NOAA Fisheries, NWFSC
Todd Zockey, Tulolip lndion Tribe

Since 1991, we hove been studying spotiol ond temporol potlerns in

use of intertidol oreos of the Snohomish River Estuory by iuyenile solmon

using beoch seining. We found thot hotchery produced iuvenile coho

ond Chinook solmon oppeored to move ropidly through the system,

Noturolly produced iuvenile Chinook solmon were typicolly present

for the longest iime period with iuveniles present in some yeors from

lhe beginning of sompling in Februory until sompling terminoled in

Septembey'October. Few iuvenile Chinook solmon were present in

intertidol oreos ofler woler temperotures exceeded l7-18C. The shorlest

species residence times were generolly for pink solmon (Morch to Moy)
ond coho solmon (Moy to July) olthough in severol yeors, we found

coho solmon juveniles in estuorine hobitots into lote foll. The presence of
chum solmon iuveniles os lorge os 75mm suggested some chum solmon

were reoring either in lower moinslem wetlonds or esluory. Although
oll species used oll oreos o[ the estuory, lish were generolly more
obundont in moinslem chonnel hobitots thon in the moior distributory
chonnels. Consideroble onnuol voriobility in obundonce ond distribution

o[ oll species using the estuory wos observed ond wos likely due to o
combinotion of foctors including environmentol conditions ond voriobility
in 6scopemgnl.

Session 8C: lnvosive Species ! - Sportino
Choir: Iom Therriouh

Aquotic Nuisonce Species in the Pocific Norfhwest -

- Updote from the 2fi)3 Georgio Bosin Puget Sound
Conference
Stephen PAillips ", Pocific Srotes Morine Fisheries Comrnission

ln 2003, we gove o presentolion ot the Georgio Bosin Conference on

responses to qquotic nuisonce species of concern. This tolk will provide

o PSMFC ANS progrom updote, including post, present ond future

octiviiies.

We conlinue lo direct {unds ot four oquotic nuisonce species: zebro

mussels, Allontic solmon, green crob ond Chinese mitten crob. Ofier
species ore drowing interest os well.

We continue monitoring Ae obundonce ond dishibution oI lhe Europeon
green crob olong the wesl coost. A pilot green crob erodicotion proiect

in Colifornio wos storted in 2006. ln Woshington, we continue lo
fund Atlontic solmon monitoring. A predictive model for estimoting

the polenliol West Coosl ronge ond populolion size for Chinese mitlen

crobs wos developed by Portlond Stote University.

The yeor 2003 morked the beginning of the Bicentenniol o[ the

Lewis ond Clork expedition, ond lhe concern wos lhol the predicted

thousonds of boots lroveling the route could be on invosive species
vector, porticulorly zebro mussels. A progrom wos pul in ploce to slop

the potentiol inlroduction of zebro mussels Irom lhis event - whot did we

leorn?

This tolk will provide inlormotion on o zebro mussel economic impocl
study ond the development of zebro mussel ropid response plon.

A colloborotive opprooch to Sporlino detection ond
removol in the Georgio Bosin - Sportino
Kothleen Moore*, Conodion Wi/dlife Service. Pocilic Wi/diife Reseorch

Gory Willioms, G[ Wllioms & Associoles
Rob Knrglrl, Communily Mopping Nelwork
Ton Blockbird, Eritish Coiumbio rM inisty ol Environment
Veme Kucy, Corporotion of Delto
Amber Smitfi, Voncower Aquorium y'r'lorine Science Cenlre

Juergen Boumonn, Voncouver Porl Aulhorily

Ricfiord Wollis, Greoter Voncouver Regionol District

Don Bufl,eft, Kim Hougfiion, Ducks Unlimifed Conodo
Nikki Wright, Seogross Conservotion Working Group

ln the foll of 2003, Sportino onglico wos discovered during hobitot
surveys in the Froser River Dello (Voncouver, Brilish Columbio). Since

this invosive plont con negotively impocr mudflots, o multiogency
portnership wos lormed to monilor ond remove Sportino. Since 2003
the ogencies hove locoled infedolions using o ropid ossessmenl

method (i.e. hovercroft) ond wolking shorelines with hond held globol
positioning systems (GPS). The GPS doto wos mopped using o
geogrophicol informolion system lGlS) ond entered on the Community
Mopping Nework website ollowing oll ogencies ond the generol
public occess to fie informotion. Conirol methods were reslricted

to monuol mefiodt which include digging up individuol plonts ond

smoll clones, ond mechonicol "deep in situ" buriol of lorge clones
using o low ground pressure excovotor. Despite limited funding ond
resourcss, the portnership hove removed oll identiffed locotions from

Robeds Bonk, signilicon y reduced the distribution ond omount o[
Sportino in Boundory Boy ond exponded detection io the eost coost of
Voncouver lslond. ln oddition, ogencies from BC ond Woshington hove

cooperoled on shoring doto, o drift cord survey, outreoch informolion

ond technicol expertise for the detection ond control of Sportino

demonstroting o strong cross border portnership.

ls Sporlino Erodicotion Possible in Puget Sound?
Rondy Toylor*, Woshinglon Stole Deporlment oI Agriculture

Sporlino , commonly known os cordgross, is on oggressive noxious

weed thot seriously disrupts the ecosyslem of notive soltwoler estuories
in Puget Sound. Sportino out compeles noiive vegitotion ond converts
mudflots into monotypic Sportino meodows, destroying importont
migrotory shorebird ond woterfowl hobilot, ond severly impocting

shellfish production.

WSDA is leoding o cooperotive effort to erodicole Sportino from Puget

Sound. Using on lntegroted Pesl Monogement opprooch, the e{{ort hos

resulted in o reduction of Sportino from o high of opproximotely 1000
solid ocres in 1997 to roughly 300 ocres ot 99 sites in Pugst Sound in

2006.

The reduction of infested ocreoge presents new chollenges to the

ultimote gool of totol erodicotion. As the infested ocreoge shrinks, il
becomes more ond more difficult to seek out remoining plonts in fie
vost ocreoge of Sportino hobitot- The resources ore ovoiloble to ensure

erodicolion ot smoller individuol siles, bul we must develop new melhods
ond resources to ochievs totol grodicotion in the entire Puget Sound.

Sportino Mopping ond Drift Cord Trocking on the
Community Mopping Nenrork46
































































































































































































