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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.

=o
z
E'

T
UI
EIoo
-ao
zo
z
U
T
Z
EI
Fo

It



UIJ
I{
Z
I
o
Z

o
z
o
-oo
IIJo

o
z
o

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

94



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
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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
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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



Rob KnigAt*, Communily lAopping Netuo*
The lnvosive Species Atlos on Community Mopping Network (CMN) is

one of over 50 web<nopping proiects thot CMN hos developed lor its

portners. lt focuses on locoting ond describing the ropidly exponding
suite o[ invosive species os occurotaly os possible. CMN is working on
bridging the in[ormotion gops in provinciol/sto16 dolo by engoging
citizens groups ond concerned ogency stofl in BC ond Woshinglon.

Sportino sp. is o porliculorly nosty genus of intertidol invosive plonts thot
threolen the productivity of the Pocilic Flywoy. They ore showing up in

the Georgio Bosin ond ore well estoblished in oreos of Puget Sound. ln

BC "Sportino Buslers" hos slorled mopping locolions of Sportino ond is
using those doto to coordinote mechonicol removol. Sporlino onglico is

the big concern righl now becouse so oggressive bul plont clusters ore
still smoll enough to be deolt with using hond shovels ond bockhoes.

At the some time, folks in Puget Sound ond BC hove storbd o drift
cord study b onlicipote where Sportino moy be found nexl. Drift cords
releosed monthly from 6 Sportino locotions ore being reported by US &
Conodion citizens when found, using CMN's on-line digitizing function.

The CMN is on NGO dedicoted to shoring o weolth of noturol resource
informotion ond mops with communities, locolly ond internolionolly.
CMN integrotes dolo lrom mony sources ond mokes it occessible
through o usertiendly web mopping syslem, providing o unique s€t of
tools to explore ond promote oworeness of nofurol resource feolures.
Using o network of distributed serven, CMN offers lnternel occess to
comprehensive bose mopping, oeriol imogery ond locol informotion,
working closely with other NGOs ond locol go,rernments.

Modeling Hobitot Copobility for lnvosive Species Using the
Shorezone Mopping System
Jodi Horney*, John Horper, Coosrol ond Oceon Resources lnc.
Mory Morris, Archipelago lvlorine ReseorcA [rd.

ShoreZone is o coostol hobitot mopping ond clossificotion system

in which low{ltituda, georeferenced oeriol imogery is collected
specificolly for the in]erpretolion ond integrolion of geologicol ond
biologicol feotures o[ the iniertidol zone ond neorshore environment.
The mopping syslem (housed in ArcGlS ond MS Access dotoboses)
provides o spoliol {romework for coostol hobitot ossessment on locol
ond regionol scoles. Mopped regions now include more thon 16,000
km o[ coostline in the Gulf of Alosko {see www.CooslAlosko.netl ond
45,000 km o[ coostline in British Columbio ond Woshington stote (from

the Columbio River mouth to the Alosko/BC border). An odditionol
'i0,000 km o[ imogery wos collec]ed in Alosko in 2006.

Current reseorch opplicotions involve hobitot copobility modeling, in

which physicol ond biologicol ottributes mopped in the ShoreZone
dotobose ore used to predict the diskibution of hobitots thot would
support o porticulor group or species o[ inlerest For exomple, o
copobiliry model developed lor the Europeon green crob (Corcinus

moenos) opproises the sensitivity of shorelines in Woshington, BC, ond
southeost Alosko to colonizotion by this invosive species. Polentiol green

crob hobitot "hot spots" identified by the model could prwide o spotiol
bosis for the plonning ond implementotion of moniloring stotions for
species deteclion.

Subtidol Mqrine lnvosives in Morinos
Glen Jomieson *, Lucie Honnoh, Thomos Therriauh, Fisfieries ond
Oceons Conodo
Morinos on the eost side o[ Voncouver lslond were surveyed for subtidol
invosive species in August, 2005, both to detarmine the obundonce ond
spotiol distribution o[ species ond lo ossess whather morino feotures
could be correloted with invosive species occurrence. Morino feotures

considered were overoll morino slze, delermined by lotol length of
mooroge copocity; ond obundonce ond distribution of inrosives within
eoch morino, i.s., on ths outer porimelor or more centrolly locoted
within the morino. Scropings o{ obout obout 500 cm2 were token from
flooting docks ond both indigenous ond invosive specias presence

were documenbd. Results ore summorized, ond recommendotions
provided os to how subtidol inventories lor invosive species con be most

effectively conducted.

Pqncl 8D: BC's Coostol Douglos-Fir Zone
Choir: Andy MocKinnon

British Columbio's Coostol DouglosFir (CDF) ecologicol zone is o smoll

coostol roinshodow zone siluolad primorily on soulheostern Voncouver
lslond ond the southern Gul[ lslonds. This oreo hos less remoining old-
groMh Iorest, Jewer protactad oreos, lass provinciolly owned (Crownl
lond, ond more developed lond thon ony other ecologicol zone in BC.
The populotion in lhis zone is olso increosing ropidly. Not surprisingly,
this oreo olso contoins o disproportionote number o[ threotened ond
endongered plonts, onimols ond ecosyslems. This session will highlight
recenl inventory ond conservotion initiotives in BC's coostol roinshodow
forests.

Ponel Members:
. Andy MocKinnon, Brilish Colunbio Ministry of Forests ond Ronge
. Ioro Sfiormo, Porls Conodo
. Morlow Pellolt, Porks Conodo
. Trevor Jon*, Uni,zersity of 8rifsfr Columbio
. Iodd Golum6is, Porks Conodo

Conservolion Chollenges in BC's Coostol Douglos-Fir Zone
Andy MocKinnon, Britfsh Columbio ilinisfry of Foresk ond Ronge

BC's Cooslol DouglosFir (CDFI biogeoclimotic zone is BC's most

developed, leost protected ecologicol zone. This coostol roinshodow
oreo, locoted primorily on southeostern Voncouver lslond ond lhe
southern Gulf lslondE contoins o disproportionote number ol threotened
ond endongered species ond ocosystems. And monogement options ore
constroined bacouse opproximotely 93% of the zone is privote lond.
This poper describes this ecologicol zone, reviews lond ownership ond
stotus, ond describes current iniliotives in inventory ond conservotion in

the CDF.

Mopping londscope chonges in the Gulf lslonds Notionol
Pork Reserve
Ioro Shormo, Porks Conodo

Estoblished in Moy 2003, the Gulf lslonds Notionol Pork Reserve

protects Dry Coostol Douglo+fir ecosystems. The pork is subiect to
ecosyslem pressure os it is in close proximity to o ropidly growing region
ond is o hub of tourism in the region.

The obiective of this sludy wos to identify ond mop the noturol ond
onthropogenicollycoused chonges in the pork's greoter ecosyslem to
support pork plonning ond monogement. Historicol orthophotos ot the
scole of l:10,000to l:15,000 from 1950 to 2004 were used to mop
diflerent ecosystems. These mops were overloyed in o GIS to derive
ecosyslem chonge mops showing hot spois oI londscope chonges ond
to generote vorious chonge stotistics. ln porollel, proiacts on o detoiled
terrestriol ecosystem mopping ond o LiDAR-bosed mopping ore in
progress to generote specie+level informotion lhot will help enhonce
the londscope chonge detection to provide informotion [or restorotion
plonning ond prolection in lhe pork. ln this poper, results will be
presented lor londscope chonges thot hove token ploce in the oreo in
post 50 yeors.

Using of Poleoecology ond Bioclimotic Envelope Modeling
to Gorry Ook (Quercus Gorryonof Ecosystems in the
Coostol DouglorFir Zone of Southwest British Columbio.
Morlow Pellatt, Porks Conodo
Ze'at Gedolol, Deporlmenl of Geo grophy, Universily ol Guelph
Konn Bodtker, Porks Conodo
Mo on McCoy, Deporlment ol Biologicol Scieaces, Simon Froser
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Alex Conon, Environment Conodo

Under fie Conodion Species ol Risk Act (SARA) Gorry ook ecosyslems

ore listed os "ot-risk" ond oct os on umbrello for over one hundred

species thot ore endongered lo some degree. ln order to effactively
recover or ollow these species to persist where possible, it is criticol to

understond the ecologicol process essentiol [or their ongoing survivol.
The proiect I will discuss is o multiiisciplinory reseorch proiect thot

exomines the poleoecology, modern ecology, athnobotony, ond fke
hislory of selected Gorry ook ecosystems. Underslonding meon fhe
relurn intervols, ecosystem dynomics over time, ond the role of people

in lhis ecosystem structure is crilicol to lhe long+erm survivol o{ lhese

communities. We develop bioclimotic envelope models lo disploy future

scenorios for Gorry ook dishibution in order to consider climote chonge
in lhe potentiol persislence ond recovery of Gorry ook ecosystems ol o
spotiol scole relevonl to lond monogers. We ore synthesizing the resulb
o[ this proiect ond proposing monogement oclions to ossist protected

oreo monogers, scientists, ond recovery teoms in the losk of ecosystem

monogemenl ond reslorotion. The restorolion of ecosystem processes

moy help in the longierm conservotion of these systems ond ochieve
ecologicol integrity in Gorry ook ecosystems.

lntegroting Advonced Spcctrol ond Structurol Remotely
Sensed Doto to lmprove Vegeloted Terreslriol Ecosystem
Mopping ond Monitoring
Tranor Jones, Nicholos Coops, Universtiy of Brilish Columbio
Ioro SAormo, Porks Conodo; Gulf lslonds Nofionol Pork Reserve

The Gulf lslonds Notionol Pork Reserve encomposses 35 squore
kilometers o[ londs spreod over ]5 islonds ond numerous islets in British

Columbio. Ropid urbonizolion in the region mokes this oreo one of the

most threotened londscopes in Conodo. To ensure long-term ecologicol
integrity within the Pork, occurote ond ugtodote inlormolion on the
vorious ecosyslem components is required. lnformotion yielded from

conventionol oeriol photogrophy$osed Terrestriol Ecosyslem Mopping
provides some of this in[ormolion, bul is costly ond requires significont

inlerprelotion moking it poorly suited for operotionol monitoring.

Sotellitebosed remotely sensed doto offer o vioble option for relioble
ond repetiiive ecosystem mopping in o cost efficient monner; however,

broo4bond doto hove limited spectrol ond spotiol resolution, moking

vegetotive species discriminotion, ond chonges in foresl conopy struclure

difficuh to predict. Recontly, hyparspechol remotely sensed doto hos

been shown to improve vegelolive discriminotion whilst oirborne tIDAR

doto is increosingly being used to represent 3dimensionol terroin

ond forest conopy structure. This reseorch investigotes the inl6grolion

of [ondsot TM doto with AISA hyperspectrol imogery, ond UDAR, in

coniunction with ffeld observotions, to derive slructurol, compositionol,
ond distributionol informotion reloled to lerreslriol ecosystems wilhin
the Reserve- The initiol resulls ond future direction of this reseorch ore
presented.

Boseline lnventory, Ecologicol Clossifrcotion ond Mopping
the Southern GulI lslonds: A Fromework for Ecosy5lern-

bosed Monogement
Iodd Golumbio, Porks Conodo

Gulf lslonds Notionol Pork Reserve (GINPR) wos estoblished in Moy
2003. lt is comprised of 3500 ho of lond ond 2600 ho of cooslol ond
neorshore subtidol oreos on l6 islonds ond over 30 islets ond odiocent
morine oreos throughout the southern Gulf lslonds region of British

Columbio, Conodo. The key obiectives for the GINPR ore to ansure

the long-term integrity of the ecologicol ond culturol volues wilhin fie
pork; ond to provide opporiunilies for the public to leorn obout ond
oppreciole volues within the pork in o low.impocl monner.

Due to the frogmented noture of pork londs, inventory initiolives hove

utilized regionol portnerships to support wellinformed decision+noking
in the greoler ecosystem for ourselves ond our neighbours. ln order
to ensure thol ecologicol integrity is given oppropriot6 considerolion,

numerous surveys hove been underloken over the post 3 yeors io
estoblish on understonding of boseline conditions ot estoblishment.
Doto ocquisition includes on ossessment of currenl conditions using high
resolution ecosyslem mopping of terrestriol, lreshwoter ond coostol

oreos os well os hisloric snopshots ol lond use from 1933, l95O ond
1975. As these doto sels ore compiled, we ore now oble to provide
meoningful doto onolysis in support of monogement decision moking,

ecosyslem representolion ond londscope scole moniloring.

This tolk will provide on overview of the vqrious products ond olfer
exomples of their current ond proposed opplicotions.

Session 8E: Neorshore Reslorolion Plonning
Choir: Cudfu Ionner

Scoling Tidol Chonnel Geometry with Morsh lslond
Areo: A Tool for Hqbitot Restorotion, tinked to Chonnel
Formolion Process.
Gregory Hood*, Skogil River System Cooperolive

Hydroulic aeometry ond roloted onolyses ore often used to investigote
tidol chonnel geomelry ond svolution, ond inform morsh restorolion.
An olternotive opprooch is presented fiot ovoids colculoting lidol prism

ond ollows onolysis of odditionol chonnel metrics. lt relies on scoling
relotionships between morsh islond surloce oreo ond vorious melrics
of the set of tidol chonnels droining eoch islond. ln the Skogit Delto

morshes (Woshington, USAI, totol chonnel surfoce oreo ond lenglh,

ond surfoce oreo o[ the lorgest chonnel droining on islond scoled
disproportionotely with islond oreo, suggesting restorotion of o l0G
ho site would be preferoble to reslorotion of ten seporole I Gho siles

to moximize chonnel lenglh ond oreo. A model ofchonnel formotion
through rondom islond conglomerotion replicoted observed scoling
potterns, linking chonnel scoling lo blind chonnel evolution from river
diskibutories. Chonnel size ond complexity voried spotiolly, with
significont deficits in on eroding morsh isoloted from river diskibutories
ond riverine sedimenls.

Morch Point Geomorphic Mopping ond Restorqlion
Assessment, Skogit County, WA
Jim Johonnessen', Andreo Moclennon, Coostol Geologic Services

This study of Morch Point, locotad between Fidolgo Boy ond Podillo
Boy in the northern Pugel Sound region, wos conducted for the Skogit
County Morine Resourcss Commitlee. Morch Point contoins degroded
foroge fish spowning oreos, impocted solt morshes, ond long raoches

of shore protection. The proiect included current conditions ond historic

reconstruction o[ key blufl sediment sources ond occrelion shoreforms.

Current conditions mopping wos perlormed using geomorphic
reconnoissonce by smoll boot with GPS, with mops developed in o GlS.
Historic reconstruction wos occomplished though onolysis of oll relevont
hisloric mops, chorls, oir ond ground photos, olong with historic records

of londslides ond reloted lopics. Additionol historic chonge onolysis wos
conducted in GIS to determine erosionol rotes ond hends ot Morch Point

cusp ond Crondoll Spit complex, which were identilied os importont
neorshore hobitot oreos in previous studies. Specific coostol restorotion
recommendotions were provided bosed on results of quontitotive GIS
onolysis o[ current ond historic conditions, olong with posl studies of the

shore ol Morch Poinl. Restorotion options were prioritized to ossure thot
restored sediment supply would benefit importont neorshore hobitoh.
The sustoinobility o[ reslorolion recommendofions wos olso o moior
considerotion ond bolh short term ond long term proiects ryere outlined,
olong with cost eslimotes.

A Londscope Process Bosed Restorotion Plon lor Norrh
Fidolgo lslond, Woshington
Aundreo Mcilride*, Eric Eeomer, Skogit River System Cooperofive

We propose o preliminory restorolion plon for the North tidolgo
lslond shoreline bosed on restoring nolurol processes ot the drift cell-
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or geomorphic cell-scole. Working within o geomorphic lromework
yields more predictoble ond sustoinoble results, ond moximizes the

complexily ond diversity of hobitots reslored bosed on the nolurol

londscope potentiol. The North Fidolgo lslond restorolion plon is bosed

upon historic chonge onolysis, lield reconnoissonce, ond opplicotion
o{ o geomorphic model. The historic Fidolgo lslond shoreline included
shollow boys with eelgrosl logoons, smoll tidol creeks, foroge fish

spowning beoches, ond rocky hobitots with kelp. Mony o[ these hobitots

still exist but ore heovily impocted. Historicolly, there were ll smoll

pocket estuories olong the north Fidolgo ldond shoreline, totoling ot
leost 150 ocres. Under presenl conditions, there is only 1 estuory site

(12 ocres) wi6 hobitot occessible to fish. Physicol restorotion potentiol

exists for 6 o[ the historic siles, for o goin of opproximotely 43 ocres of
odditionol hobitot oreo. Restorotion of these 6 sites will decreose the

distonce thot fish must lrovel between pocket estuories- Similor losses

hove occurred in other importont hobitols, such os eelgross meodows

ond foroge fish spowning beoches. This opprooch to restorotion is being

opplied throughout the Whidbey Bosin os well.

MultiScole Anolysis for Shoreline Reslorotion Plonning:
tinking Science to Policy ond Stewordship
Michel/e rMcConnell*, Je$ercon County
Stephen Stonley, WA Dept. of Ecology
Heido Dietenderler, Bollelle Marine Sciences Loborotory
Morgoret Cloncy. ESA AdolEon

How do you decide where to locus your efforts in order ]o moximize

reslorotion eflorls ond olher monogement opprooches given limiled
funds ond competing inl6r6sts? By combining londscope onolysis,
wolershed scoring ond nsorshore ossessments, Jeflerson County is

toking o novel opprooch to the restorotion plonning component of
their Shoreline Mosler Progrom (SMPI Updote. This presentolion links

londscoperole chorocterizotion of ecologicol processes, wotershed
scole scoring oI those processes' level o[ imporlonce ond level of
olterotion, ond morine neorshore reoch-scole scoring ol ecologicol
functlons ond stressors to develop o tool lhot will help prioritize
restorotion opportunities both in ond out of the shoreline oreo, help
guide development o[ the gools, policies, designotions ond regulotions
for the iefferson County Shoreline Moster Progrom, ond is flexible

enough lo occommodole nerr doto os they become ovoiloble for on

odoptive monogement opprooch. The rasults ore o powerful dotobose
ol GIS loyers, eosy-toreod color coded motrices ond mops thol show
oreos of high, medium, ond low relavonce. This opprooch is designed

lo meet ond exceed the Woshington Slote Guidelines for SMP Updotes
(wAC r73-261.

Anolysis of Mahodologies for Prioritizing Neorshore
Reslorotion Areo! in Puget Sound ond the Northwest
Stroits
Kirslin Holsmon, Comille Russe/I", Eric Slover 

*, Robin Clorl, People For
Puget Sound

Raslorotion ond conservolion octivities in Pugel Sound ond the

Georgio Bosin hove increosingly focused on resloring ecologicol
processes thot support numerous oquotic species ond ecosystems

while oddressing bosin.wide ecosysiem threols ond consequences.
These octivities ore increosingly supplemenled by responses from

locol iurisdictions to shoreline monogement progroms thol require the

proteclion ond restorolion of criticol hobitots in the neorshore regions.

Consequen y, lhere is o growing need to ossess the role of multiple,
interdisciplinory ond sil+specific neorshore reslorolion proiecls ond
melhodologies currently o[ significonce in the Puget Sound region.

Within this context, Paople for Pugei Sound, o nonf rofit odvococy
group, hos developed o mato-onolysis of timely ond signiftcont proiects,

inventories, choroclerizolions, ond ossessments to inform o new

opprooch lor prioritizing sitespecific, hobitol reslorotion proiects. Our
work synthesizes o diverse pool of studies ond methodologier derived

from nonprofit orgonizotions, ocodemio, government ogencies, priyote

consulling groups, ond reseorch entities. Our opprooch builds upon
exisfing methodologies bosed on ecologicol funclion, geomorphologicol
ond shor+form chorocterizotion, ond flow ond process modeling,

while evoluoting our current prioritizotion methodology, The Boys

Bluaprint, which relies on volunteerSosed shoreline observotions, oeriol
phologrophy, ond digitol shoreline inlormotion. This poper synthesizes

ond exomines the methodologies, ond explores new sirotegies for
filling knowledge ond doto gops, prioritizing reslorotion proiects, ond

conducting cost ond I€osibility onolyses in neorshore hobitot restorotion.

Community Neorshore Restorotion Progrom
Sue Iexeiro *, Richord Broc/rsmith. Hood Conol Coordinoting Council

The Hood Conol Coordinoting Council's Community Neorshore
Reslorolion Progrom (CNRP) is o combined educotion ond o roslorolion
progrom lor morine woterfront property owners. lt provides educolion

on neorshore processes ond ecosystem funclions in morine "edge"
hobitots, ond how onthropogenic disturbonces impocl those processes

ond functions. The CNRP hos been conducted on lhree smoll-scole

segmenls o[ neorshore in Lower Hood Conol, ond will continue lo
axpond north. The CNRP is o community-initioted progrom where
shoreline londowners odvise, promote, oiend, educote, host, ond
continu6 support through on ombossodorship role. The educotion
is delivered through workshops ond beoch wqlks where ottendees
leorn the hobitot essentiols thot benefit solmon ond woter quolity. At
beoch evenls, speciolirts discuss slewordship proctices ond identify
potentiol restorolion or preservolion projects wilh londowners. The

CNRP helps londowners find funding for hobitot restorotion proiects

ond protection. Through the Morine Riporion lnitiotive londowners
ore provided technicol ossislonce on plonting plons, plontings, noxious

wead removol, ond given notive shoreline plonts. The results ore o new
group of inlormed property owners thot will leod to more ecologicolly
friendly methods of developing ond monoging lheir lond; provides
more detoiled informotion to the regionol neorshore study; greoler
opportunilies to work with neorshore property owners on submilting
proi6cl opplicotions.

Session EF: Ecotoxicology in lhe PS/GB: From
Fish fo People
Choir: Trocy Collbr

Pocific Herring Bioossays for Testing Effluent ond Morine
Woter Toxicity
Poul Dinnel*, Weslern Woshinglon Unlersily
Rondoll Monholl, Woshington Deportment of Ecology
Douglos l4iddough, U.S EPA, Retrred

Koren Bergmonn, Jomes ElpAick, Noulilus Enyironmenrol

Pocific herring (Clupeo po//osi) is on importont foroge ond commerciol
fishary species throughout its ronge on the Pocific Coost of the U.S. ond
Conodo. Tha lorgest Woshington Stole herring stock ot Cherry Point

hos sullered substontiol declines in the lost decode. While much of
this decline moy be due to nobrol foclors ond excess ffshing pressure,

both point ond nonpoinl sources of pollution connol be ruled out os

potentiolly signiffcont str6ssors ihot moy be octing in concerl with other
foctors. Ongoing concerns oboul possible effects of chemicols in

effluants ond sediments on eorly life stoges of Pocific herring resulted in

on elfod by the Woshington Deportment of Ecology to develop embryo
ond lorvol Whole Elfluent Toxicity (WETI tesl protocols for future lesting
of effluenls in Woshington. Three eorly lih sloge lest protocols hove
now been successfully developed (ond portiolly volidoted); I ) on 18-

doy embryo development test with both lethol ond sublethol endpointl
2) o 4doy ocute lorvol test using eorly post-hotch lorvoe, ond 3) o l0-
doy survivol ond growth test lhot uses Arlemio nouplii os o food source.

Additionolly, there is good polentiol for estoblishing o future sedimenl
test prolocol using the embryo developmenl lesl.
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Estrogenicity of Municipol Sewoge: Toxicogenomic Studies
with Chinook Solmon (Oncorhynchus tshowpschol
Heofher Osochoff*, Simon Froser lJniversily ond Environmenl Conqdo
Joy Bruno, Environment Conodo
Rochel Skirrow, Environment Conodo
Iom Mommsen, llniversity ol Victorio
Chris Kennedy, Simon Froser Universify

Grohom von Aggelen, Environment Conodo

As o five yeor Georgio Bosin Action Plon proiect, the Environmentol

Toxicology Section ot the Pocific Environmentol Science Centre is

investigoting lhe potenliol impocls on solmon of emerging chemicols
of concern (in effluents such os sewoge) thot enter the Georgio
Bosin. Sludies use o loxicogenomics opprooch - combining lhe
fields of environmentol toxicology ond genomics - wilh o custom

cDNA microorroy to exomine lhe effecb of sewoge on liver gene
expression in chinook solmon (Oncor/rynchus hhowytschol exposed to
environmentolly relevont sewoge dilutions (o 2OO-fold ronge). Doto
presented focus on the estrogen-responsive subsel of genes contoined
on the microorroy, including: vitellogenin {VTG; structurol egg protein

often used os o biomorker], vitelline envelope proteins (VEPs; three

struclurol egg proteins), ond estrogen receptor (ER; honscription

octivotor). VTG ond VEPs ore femole-specific egg proteins not produced
by mole fish unless stimuloted by on exogenous estrogen-mimicking
chemicol. Results show the obsence of VTG gene induction in sewoge-

exposed fish in our experimenls, while other estrogen-responsive genes

(VEPs, ER ond others) ore cleorly induced, some of them very strongly.

Discussion includes preliminory interpretotions: l. o hypothesis lhot
the VEPs ore eorly, highly sensiiive indicotors of estrogen-mimicking
compounds, ond 2. o novel concept of two different types o[ estrogenic
response to pollutonts: o response wilh or without VTG gene induction,

Mortolity of Swons Due to lngestion of leod Shor in NW
WA ond SW B.C.
Cindy Schexnider*, U.S. Fish ond Wild/ife Service
Mike Smillr, Woshinglon Cooperofiye Fish & Wildlife Reseorch Unil
U niv e rsily ol Washin gf o n

Lourie Wilson, Fnvironmenl Conodo (Conodion Wildlife Service)

Mike Dovison, Woshington Dept of Frsh ond Wildlife
Morlho Jordon, Ihe Irumpeter Swon Socieiy
Jennifer Bohonnon, Woshingfon Dept. of Fish ond Wildlile
Seon Eoyd Environmenl Conodo (Conodion Wildlifu Service)

Chris Grue, Woshington Cooperofive Fish &Wildli{e Reseorch Unif,

Universif of Woshington

At leost 2,1O0 swons lmostly Trumpeter Swons [Cygnus buccinotor])
hove died in Whotcom County, Woshington ond Sumos Proirie, British

Columbio during the posl seven winters, lhe moiority lrom ingestion ol
leod shot. ln 2001, the Conodion Wildlife Service, the Woshington

Deportmenl o[ Fish ond Wildlife, the US Fish ond Wildlife Service,
ond other stokeholders iointly initioted o study to locole the sources

of leod ond holt the swon mortoliiies. Results ore presented for 2001 -

2006. The overoll oreo o[ the suspecled leod source hos decreosed
from 100,000 ho lo less lhon 10,000 ho. Swons were tropped, blood
somples collected ond onoiyzed for leod, ond trumpeter swons fitted

with VHF rodio or sotellite tronsmitters. The locolions o[ rodio-togged

swons were recorded eoch doy ond night to determine foroge ond
roosl sites. Corcosses were exomined ond couse o[ deoth delermined.
Core sompling in foroge fields ond roost sites hos reveoled leod shot

contominotion in high swon use oreos. An experimentol technique of
hozing o relotively high leod shol density roost sile is being conducted
during the 2006-2007 winter, while swon mortolities ond hobitol use

potlerns continue to be monitored.

Toxic Chemicols in Woshinglonions: Findings of the
Pollution in People study
Morgoret Shield*, Toxic-Free Legocy Coolition

The first comprehensive body burden sludy of foxic chemicols in

Woshington residents wos reported in 2006 by the Toxic-Free

Legocy Coolition, o stolewide ollionce of heolth ond environmentol
orgonizotions. Accredited lobs onolyzed levels of porent compounds
or metobolites o[: heovy metols, PBDEs, phtholotes, perfluorinoted
compounds (PFCs), pesticides, ond PCBs in blood, urine, or hoir

somples donoted by ten individuols. Results confirm thot exposure to

lhese chemicols is pervosive. lndividuo s tested hod ot leost 26 ond os

mony os 39 toxic chemicols, PFCs, phtholotes, PCBs, ond mercury were
detecled in oll porticiponts, through exposures from [ood, products, ond
other sources oI pollulion.

Study results will be presented ond their significonce discussed by
the leod outhor. Two study porliciponts, on occupotionol heolth nurse

ond on environmentol heolth odvocqte, will shore personol ond
professionol views on the findings. Actions to reduce chemicol exposures
in occupotionol, community ond home settings will be outlined. The

successes ond chollenges o[ o new iniliolive ot Children's Hospilol

to reduce toxic exposures lo potients ond stofl will be described.
Woshington Stote's policy climote for improved chemicol regulolion
will olso be discussed, including the occomplishments ond chollenges

of the stote's progrom on Persislent Biooccumulotive Toxins ond new

policy options to prevenl horm to [uture generotions from unnecessory
exposures lo ioxic chemicols.

An Ecotoxicology Resesrch Plon for Puget Sound
Nothoniei Scholz *, Trocy Collier, NOAA Frsheries, Northwest Fisheries

Science Cenler

Ecotoxicologisls qt NOAA's Northwest Fisheries Science Center
hove been investigoting the impocts o[ chemicql conlominonts on
lish ond other NOAA trust resources in Puget Sound for more lhon
three decodes. Eorly reseorch wos lorgely focused on humon lond
use octivities of the post. This included ossessing lhe impocts of
contominoled "hot spots", or locolized sediments with high levels of
PCBs, PAHs, ond olher chemicols ossocioted with lhe induskiol oclivities

of the lost century. ln recent yeors, lhe reseorch chollenges reloted
to loxics in Puget Sound hove become more complex. The sphere of
concern hos exponded lrom conlominoled sediments to the pelogic
{ood web ond, more recently, to wotersheds thot ore increosingly

undergoing development. As o consequence of regionol populotion
growth ond urbonizotion, terrestriol runoff ond other forms of non-

point source pollution ore now omong the most imporlont sources of
chemicol contominqtion in the Puget Sound ecosyslem. ln response to
these chollenges, this presentotion will identily current NOAA reseorch
priorities in three theme oreos. These include I ) mechonistic loborolory
reseorch to identily novel polhwoys of toxicity, to estoblish thresholds
for odverse heolth effects, ond to develop new tools to diognose
iniury; 2) environmenlol monitoring ond experimentol monipulotions
to ossess the stotus ond heolth of flotfish, rockfish, solmon, foroge
fish ond other species in ihe field; ond 3) the use of GIS onolyses,
populolion modeling, risk ossessment ond other opprooches to {orecosl
the cumulotive ond long-lerm impocis of toxics on the Puget Sound
ecosystem. Severol cross culting issues will olso be discussed, including
I ) the need for new reseorch on emerging contominonts; 2) the
effectiveness of source control e[[orls to reduce contominont looding;
3) the efficocy of hobitot restorolion octivities in polluted environmenls;
4) the need to consider multiple stressors (chemicol ond non<hemicol);

5) the need for more ecology ("eco") in ecotoxicology; ond 6lthe
need to connacl the heolth of individuol orgonisms to populotion-scole
processes.

Session 9A: Hypoxio in Hood Conol
Choir: Jon NeMon

ln Situ ond Remote Moniloring of Hypoxio in Hood Conol
the ORCA Time-Series ot Twonoh
Wendi Rue(*, Allon Devol, Jon Newton, Colin Smith, University ol50



Wosfiinglon

High frequency proliles of chemicol, physicol, ond biologicol propsrties
hove been collected by on outonomous moored proliling system ot
o fixed stotion in soulhern Hood Conol since lonuory 2005 using

surfoce meteorologicol sensors ond o profiling underwoler inslrumenl
pockoge consisting of o Seobird CID, dissolved oxygen electrode, ond
chlorophyll fl uorometer.

The woter column ot this stolion wo5 strongly stroliffed throughout the

seosons. Doto collected during lorge wind dorms indicote locolized
mixing during the evenl ond ropid restrolificotion ofter the wind
forces reloxed. The bottom woter (lower 5 matersf wos persistently

hypoxic ond surfoce woler (upper l0 meters| oxygen concentrolions
flucluoted between undersoturoted ond supersoturoted seosonolly.
Lorge chlorophyll blooms were observed throughout lhe yeor wifi
subsurfoce moximo during the summers. Moximum botbm woler
oxygen concenholions of -90 umol,/kg (-2.81 mg/U were observed
ot depth in the spring ond decreosed through eorly foll. The rote o[
decreose wos loster in 2006 ond the minimum foll oxygen wos olso
lower. Deep oxygen concenlrotions rebounded by November in both
yeors. A box model wos used lo evoluote fte roles of sedimenlory
oxygen consumption, woler column respirotion, ond odvective oxygen
inpul in mointoining the persistent hypoxio in the bottom woter lhrough
oul the yeor.

Hood Conol Fish Kill of 200,6
Allon D*ol*, Wendi Ruef Jon Newton, Universily of Woshington

As port of the Hood Conol Dissolved Oxygen Progrom, 4 outonomous
moored proliling systems (ORCAs) hove been deployed in Hood Conol,
Puget Sound Eoch system collects high frequency {bi*rourly) profiles

of chemicol, physicol, ond biologicol voriobles ot ftxed stotions using

surfoce meteorologicol sensors ond o profiling underwoter instrumenl

pockoge.

On September 19,2006, o molorfish kill occurred in southern Hood
Conol. Doto collected by the ORCA moorings suggest this {ish kill wos
coused by lhe combinotion of the groduol depletion o[ deep woter
oxygen, followed by shooling o[ oxygen depleled deep woter to iust
under the pycnocline, coused by the onnuol intrusion of high solinity
wqter from the Pqcific Oceon, ond finolly o ropid, susloined upwelling
fovoroble wind event thot pushed the surfqce woler loyer norfiwords
ond resulted in outcrops of low orygen woter ot lhe surfoce. Oxygen
chonges in lhe surfoce woter occuned ropidly; within l2 hours the
surfoce oxygen concentrotion decreosed by - 125 umol/kg ll ng/Ll to
volues less lhon 20 umol/kg l-0.6 mg/L). The evenl losted - 2y' hours

ond snded obruptly, with surfoce oxygen concentrotions increosing

bock to pr+ffshkill levels within 2-4 hours.

Response of o Hood Conol Circulotion Model to o Wind
Event Preceding September 20O6 Fish Kill
Mihuhiro Kowose *, Universily of Wos6inglon

The fish kill event of September 19, 2006 in lhe soulhern Hood Conol
wos preceded by o threedoy period of southerly wind. This is believed
to hove coused upwelling of hypoxic subsurfoce wolers lhot leod m the
observed ftsh kill. To test this hypothesis, o circulotion model of Hood
Conol wos run with the observed wind of September l5 - 19,2006
meosured ot the ORCA oceonogrophic buoys. The model wos initiolized
to o September o[ o climotologicol run wilh seosonol river dischorge
ond exiernol solinity boundory condifions, ond lorced for five doys with
the observed wind. Modeled response o[ the woter column closely
resembled the observotion ot the Hoodsport ORCA buoy belore ond
during the event. The surfoce loyer wos pushed northword by the wind
ond reploced by on upwelling deep loyer, which reoched the surfoce
ofter four doys ol integrotion. Surfoce solinity increosed throughout
the southern Hood Conol, poriiculorly olong the lower Olympic coost,
where the depth of upwelling reoched 20m. The resultont oxygen
decreose ot the surfoce wos eslimoted to be up to 8mg/l olong the

lower Olympic coost. Al tha some time, the overoge deep inflow below
20m ot the Hoodsport ORCA section increosed from 434m^3/s to
1026m^3/s. Wind shess olso octed os o significont source o[ turbulent
mixing in the uppor loyers of the model. The model results shongly
support lhe hypothesis of winddriven upwelling cousing fish kill events,

ond highllght the importonce o[ wind in the dynomics ol Hood Conol.

Predicting the lmpocts of Hypoxio on Morine Fish

Populotions in Southem Hood Conol
Woyne Polsson', Robert Pocunskl, Tony Pono, Jim Beom, Wosfinglon
Srore Deportment ol fish ond Wildlile
Hypoxic conditions hove hod o dromotic impoct on fish populoiions in

southern Hood Conol. Using visuol census surveys while on scubo, we
hove trocked the obundonce ond depth distribution rockffshes, lingcod,
ond other morine fishes ot Sund Rocks ond other sites in southern Hood
Conol since 2001. By correloting ombienl oxygen concentrotions wilh
fish obundonce ond by reloting fish kills to oxygen concsnrrotions, we
ore developing o model for predicting when {ish will ovoid or be killed
by low orygen events. Copper rockfish ovoid oxygen concentrotions
below 2 mg/l but con tolerote concenlrotions lo I mg/|. Other morine
lish species show similor responses, but smoller fish ond species oppeor
to be offected more thon lorger ones.

Fish kill events ore nol consislent botw€sn yeors, offecling rockfish in one
instonce ond lingcod in onother. Di{ferences in behovior ond letholity
during hypoxic conditions moy relote to the mognitude ond durotion
o[ exposure, ]emperolure, post exporisnce, ond physiology. Recent

ond post fish kill evenls hove resultad in long+erm impocts reducing
populotions of rockfish ond lingcod ol Sund Rocks by one third.
Continued efforts to minimize other populotion stressors ore worronled.

Big Bocterio: The ldediffcorion ond Ecology of Visible Mots
of White Bqcterio in Different Hobitors of Puget Sound
Joel Elliott", Mork Mortin, Universif of Pugef Sound

Visible moh of white boclerio hove been observed on the surloce o[
sediments ond rocks in o voriety of morine hobitots in Puget Sound.
The gools of this study were to I ) identify members of these microbiol
communilies using morphologicol ond genetic methods,2) use

underwoler videogrophy ond beoch surveys to mop the distribution
ond obundonce o[ the mots, ond 3) exomine the ecologicol foctors
influencing their diskibution ond obundonce in spoce ond Ime. The

mols were composed of sulfide-oxidizing bocterio, ond the mosl
common member o[ the microbiol community on sedimenls wos
Beggiotoo spp., with lorge filoments lup to 120 pm diometer) copoble
of gliding motility. Mots were observed ot o voriety of geogrophic
locotions (e.g., Hood Conol, Commencement Boy), where they occurred
within specific depth ronges IG25 m in Hood Conol, <10 m in

Commencement Boy). They occurred where there were relotively high
levels o[ hydrogen sullide (typicolly > 1000 pM) in sediment porewoter
or where slreoms of sulfide wsre seaping from interlidol sediments.

The iype of bocleriol community voried omong hobitots with different
substroles (mud, sond, rock), ond olher environmentol chorocteristics.
The presence o[ surfoce mots of sulfide-oxidizing bocterio moy be on
indicotor of eufophicotion or deposits of orgonic moteriol {e.g., wood
wostel in the sedimont.

Hypoxio in Hood Conol: An Overview of Stolus ond
Contributing Foctors
Jon NeMon ', Universily of Woshington
Don Honnolious, Hood Conol Solmon Enhoncement Group

ln its second yeor, the collective elforts of the Hood Conol Dissolved

Oxygen Progrom's lnlegroted Assessmenl ond Modeling study
(HCDOP-lAMl hove resulted in o befier understonding oI the extent ond
dynomics of hypoxio in Hood Conol os well os ongoing evoluotion into
ils conlribuling foctors. ln this presentrolion, we give on overview of the
current stotus of Hood Conol, compored wilh historicol doto, ond some

insights on the moior lindings to dote.
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Session 98: Juvenile Solmon Hobirot ll
Choir: Gront Kirby

Solish Seo Boundory Woters ond lslonds os Nursery
Hobitots for Juvenile Pocific Solmon
Tino \Nyllie-Echeverrio*, Wylli*Echevenio Associotes

Russel 8orsh, KWIAHT Center for Histcrico/ Ecology oI the So/ish Seo

Woters surrounding the Son Juon ond Gulf lslonds form the crossroods
of the Solish Seo, where Pocific solmon {Oncorhynchus spp.) {rom

Pugel Sound ond the Frosar Riyer cross on their outbound ond inbound
migrolions. Unlil recently, surprising little otlenlion wos given to iuyenile
solmonid use of neorshore hobitots oround the islonds. In 2004,
using the beoch seine method developed by Eric Beomer we begon to
investigote fie seosonol distribution of iuvenile solmon in the Son Juon
lslonds, focusing on the Boundory Poss oreo lin the direct poth of the

Froserl, south Son Juon ond lopez lslonds (closest to Admirolty lnlet
ond Puget Soundl ond Son Juon Chonnel, which connects these oreos.
Results thus [or indicote thol iuvenile solmon occupy select neorshore
hobitots from Februory through August. Juvenile chum (O. keto) ond
pinks (O. gorbuscho) oppeor in the neorshore in Februory ond were
unovoiloble to the beoch seine by Moy ond June respectively. Juvenile
Chinook lO. hhowytscfro) occur in our nets from Moy through July, ond
in August 2006 when we sompled with on offshore net. Even though
lhere ore no idantified functioning spowning streoms in lhe Son Juon
Archipelogo [or lhese species of solmon, they occupy the neorshore
woters for severol months eoch yeor.

An Assessment of Juvenile Fish Use in the Neorshore of
West Whidbey lslond
Micoh Woit*, Wild Fish Conservoncy
Ihomos Buefirens, Bowdoin College
Brenl Trim, Wi/d Fish Conservoncy

Woshington Trout sompled the neorshore wolers o[ western Whidbey
lslond during the iuvenile solmon outmigrolion periods of 2005 ond
2006. The purpose of the sompling wos to determine the locotion,
timing, species composition, river o[ origin ond size of iuvenile solmon

using neorshore hobitots on Whidboy lslond in Admirolty lnlet ond the
Stroit o{ Juon de Fuco. The wesr Whidbey shoreline is not odiocent to the
mouth of ony lorge solmon producing river in Puget Sound. Fish usoge
doto hare demonslrote how neorshore sites distol from river mouths

serve os secondory morine reoring hobitol, used by fish migroling
between primory morine hobilot ol neorshore sites odiocent to river
mouths, ond morine pelogic hobitots. While it is conventionolly held
thot neorshore hobitot occupotion rotes for iuvenile solmon decreose
with increosed distonce from river mouths. our doto show occupotion
rotes comporoble with those observed ot more proximol locotions.

We suggesl thot secondory neorshore sites ore imporlont migrolory
corridors lor iuvenile solmon ond ore relevonl consenrolion torgets.

The results o[ this study horre supported o science-bosed prioritizolion
o[ neorshore hobito] proteclion ond restorotion proiects in the lslond
County wotershed plonning process.

Londscope Strusture of lntertidol Zostero Morino in
Hood Conol ond the Eqitern Stro ofJuonde Fuco:
Hyperspectrol Chorocterizqtion of Voriotion in Juvenile
Chum Solmon lOncorhynchus kerol Hobitot
Chorles Simensbd*, University of Woshington
Rolpfi Gorono, Eorth Desrgn Consultrcnh, lnc.
Ied Lobbe, Port Gomble S'Klollom Tribe
Alon Cor,rer+t4orlimer, Aspecl Consulling lnc.
Roberl Robinson, EoaA DesQn Consulhcnts, lnc.
Chris Weller, Steve lodd, Point No Point Ireoty Council
Joson Toh, Jennifer Burke, Universily of Woshington
Dovid Finloyson, US Geologicol Survey
Mrles logsdo4 University ol Washington

Underslonding neklon response lo $e spoliol orgonizotion of hobilots

requires knowledge o[ londscope structur€ scoled to lhe orgonisms'
interoctions. ln JuneJuly 2000, we ocquired Compoct Airbome
Speclrogrophic lmoger ICASI) hyperspectrol imogery hom 20 km

of the Hood Conol ond eostern Stroit ofJuon de Fuco shoreline to
chorocterize the londscope slruclure of intartidol eelgross (Zostero

morino) used by migroting iuvenile chum solmon (Oncorhynchus keto).
We subsompled imogery from 26 of the 1r'5 {lightlines, mopping l2
inlertidol corer closses over l l00 ho ol shoreline in seven regionol
6focol oreos'ot 1.5-m pixels (2.25 m2)resolution. lmogery wos
clossifted ond geore{erenced olong 4-ho sompling blocks. Dense

eelgross (203-'1,298 m2 ho-l I ond unvegetoted beoch sediments

{sond, mixed sond grovel, mixed grovel-cobble) typicolly dominoted
intertidol coveroge- Meon totol oreo, ond potch size, edge density
ond orrongement (interspersion/iuxtoposition) o[ dense eelgross voried
ocross the locol oreos, reflecting beoch geomorphic setting, ond
perhops extent ond position o[ shoraline modilicotions. lf imporlont
species like iuvenile chum solmon respond differentiolly to voriotion
in eelgross londscopes, refrned knowledge obout whathey'how these

londscopes ore selforgonized, reguloted by environmentol foctors ond/
or oflected by onthropogenic shoreline modificotions will be necessory

for both resource monogement ond restorotion plonning in this region.

Meosuring Hobhot Linkoges in on Urbonized Londscope:
Cose Studies of Shoreline Enhqncements for Fish ond
lnvertebrotes olong Esluorine Shorelines of Puget Sound
Joson Toit*, Jellery Cordell Chorles Simenstod, Unlversity of
Woshington

Puget Sound shorelines hove been extensively modified, especiolly
those ossocioted with urbon centers. A chollange for neorshore
ecologists is to understond how onthropogenic modificotions offect
lish ond invertebroles, ond how to best reslore or enhonce biologicol
functions by inlegroling science ond monogement. The woterwoys
surrounding Seottle, WA offer o compelling londscope to oddress such

issues, due io the obundonce of shorelin€ modilicotions ond lhe use

of shollow woter hobitots by iuvenils pocilic solmon (predominondy

chum, chinook, ond coho). Endongered populotions of chinook
solmon migrote ond reor olong the entire esluorine corridor, further
complicoting the understonding of hobitol ossociotions ocross lhe
freshwoter-solhroter grodient. Our reseorch seeks io understond such

inleroctions by ossessing hobitot linkoges ond restorotion progress by
utilizing vorious sompling techniques, including enclosure nels, snorkel
surveys, goshic lovoge, ond invertebrote sompling. We will incorporote
o review of recent dotos€ts with current cose sfudies of shoreline
enhoncements ond rcstorolion, os compored to more noturol beoches.
Results indicote thor differant hobitol types con offect not only fish ond
invertebrole obundonce ond composilions, but olso fish behovior ond
feeding potterns. Such linkoges ore iust beginning lo b€ investigoted,

ond illustrote the need lo further understond the role of hobitrot mosoics

in urbonized estuories in order to guide restorotion efforts.

lmpods of Ferry Terminols on Juvenile Solmon Movemenl
olong Puget Sound Shorelines
Ronold Ihom *, Suson Southord Bofielle Pocific Norffiwest Notionol
Loboratory
Gregory Willioms, NOAA
Joson Tok, University ol Woshington
Christopher Moy, Geoffrey McMicfioef Jessico Vucelick, Bot,elle Pocifrc

Northwesl Notiono I Loborotory
Jenniler Newell, Uniyersitf of Woshington
John Soutlrord, Bonelh Pocilic Nor*west Notionol Loborolory
Oyer.woter slructures (OWS) moy offed iuvenile solmon, especiolly
chinook ond chum, directly by disrupling migrotory behovior olong the

shollow-woler neorshore zone- To oddress lhis issue, we used 30 visuol
surveys ot l0 lerminols, light meosurements ot l0 ierminols, I60 snorkel
surveys ot two terminols, ond enclosure net monitoring ond qcoustic

togging ond lelemetry ot one lerminol to investigole voriobles offecting
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iuvenile solmon obundonce ond behovior.

Juvenile solmon were observed mo$ frequendy odjocent lo ferry
terminols (within l0mof the edge of the OWS), but were olso observed
for from (10 to 50 m owoy) ond underneoth the terminols. Voriotions
in hobitot, os medioted by tidol stoge (offucting current mognitude ond
diroction, light under structures, woter level) ond Ime of doy llight level,

sun ongle, cloud cover), likely offect these movements. Thus, shoding
coused from vorious OWS chorocteristics con deter or deloy iuvenile
solmonid movement ond thot this effect moy be decreosed ot low
tides when ombient Iight con better filter beneoth the terminol slructure.

Acoustic trocking ol Porl Townsend indicoted thot the iu'zenile chinook

ond coho moved under ond post the sructures quickly during the lote
evening when there wos o less distinct shodow boundory thon during
full doylight.

Anolysis Of Trode-Offs Belween Woter Supply And Criticol
Hobitot For Fish Species ln A Drinking Woter Reservoir
lon Williomson", Simon Froser University

As eorly os | 889, the Copilono River wos portiolly dommed to supply
woler for Voncouver. ln 195i, construction of the Clevelond Dom

creoling o reservoir thot currently supplies 40% of Greoler Voncouver

Regionol District's (GVRD) woter supply. The Clevelond Dom blocked
the route of Coho ond Steelheod kovelling up the Copilono River to
spown. Greoter thon 95% of their spowning ond opproximotely 75% of
lheir reoring hobitot wos lost.

Copilono is o protected wotershed ond drinking woler reservoir

monoged by the GVRD in occordonce with British Columbio's Drinking
Woler Proteclion Act, Conodion Drinking Woter Quolity Guidelines, ond

GVRD Drinking Woter Monogemenl policy. Conflicting situolions moy

occur where signiftcont drowdown of reservoir level could compromise

criticol hobiiot for oquotic species. The issue is the todeoff betwean

criticol hobitot for oquotic species ond woler supply. The experience
pte-2902 under the Fisheries Act will be investigoted ond compored to

the post-2002 context under lhe Species ot Risk Act.

Pqne! 9C: An Experimcnt in Mqrine
Conrervolion: The Northwe3t Stroits lnitiotivc
Choir: Andreo E. Copping

Alter 7 yeors the Northwest Slroils Morine Conservotion lnitiotive hos

o solid record of providing guidonce to locol governments on morine

issues, engoging volunteers on proiects lhot protect ond restore their
morine resources ond shorelines, ond empowering lorge numbers of
individuols to view the morine environment os key to their well being.
We will demonstrote the effectiveness ond cost efficiencies o[ the

NWS lnitiotive os o model lor morine conservotion with oxomples of
proiecB ond octivities successlully undertoken by the seven Morine
Resources Commilloes (MRCslwho moka up the NWS lnitiolive ond the

Norfiwest Stroits Commission. The ponel will include locol government

representolives who con discuss ths role they see the MRCs con ploy in
morine conservotion, os well os ogency stoff ond citizens who interoct

ond benefit from the work ol the lni]iolive.

Ponel 9D: Converting Dotq into Decisions for lhe
Georgio Bosinfuget tound
Choir: Gino Bonilocino

A ponel o[ lour oir quolity monogers ond scientists will reflect on fie
sciencepolicy interfoce in the monogement of GBfS oirshed. Questions
to be posad to the ponel will include: How do monogers use the

informotion they get from scientists? How do monogers communicote
their science needs to scientists? How could scientisls ond monogers

work togalher more elfectively? At this poinl in time, is scientific

knowledge o limiting loctor in decision+noking? Whot conflicts do you

see between scientific understonding ond other decision drivers such os

economics or public perceplion? How should policy+nokers reoa best

lo ropidly emerging science?

Ponel Members:
. Gino Bonifocino (ponel moderoior), Unibd Stotes Environmenlol

Protection Agency
. Hu Wollis, British Columbio Ministry ol Environmenl
. Perer Sclrworzho{i, Environmenl Conodo
. Soroh Rees, Wosfiington Deportment of Ecology

Session 9E: Shoreline Restorolion
Choir: Doug Myers

Pugel Sound Beoch Restorotion: The Role of Beoch
Nourishment
Huglr Shrpmon *, Woshinglon Stote Deportmenl of Ecology

Much of Puget Sound's shoreline consists of sond ond grovel beoches,
chorocterized by oclive sediment lronsport under the influence of
wqves. The relolionship of these beoches to fie ecosystems they
support is porticulorly complex due to the dynomic nolure of sedimenl

movement, the signiffcont role o[ nolurol disturbonce, ond the lorge locol
helerogeneity in substrote, hydrology, ond energy regimel The long-
term condition of Pugat Sound beoches is believed to be hormed by
the cumulotive effect of seowolls ond encrooching structures thol bury
the upper beoch ond eliminote the supply of sediment from eroding

bluffs. Besides removing seowolls, which is nol olwoys feosible, beoch
nourishment is one o[ few methods thot directly oddresses impoired
sedimentory proc6ss6s on beoches. Beoch nourishment is the ortiftciol
oddition o[ sediment b o beoch lo restore beoch profiles, to replenish

key sediment sizes, or lo mitigote diminished sediment supplies. ln
this poper, we presenl o conceptuol model for beoch processes thot
provides o contexl for evoluoting nourishment ol both site ond drift cell
scoles. We exomine severol locotions where nourishment hos been

employed to cr6ote, enhonce, or restore beoch functions, or where o
nourished beoch hos been used to enhonce other hobitot types.

Longterm Monitoring of the Responre of Skogit River
Chinook Solmon to Estuory Restorqlion
Coreigh Greene', NOAA/NM FSINWFSC
Eric Beomer, Skogit River S;atem Cooperotive

Chinook solmon depend on functionol estuories os porl o[ their complex
life history, but these hobitots hove undergone substontiol loss ond
modificotion over the lost 150 yeors. The Skogit River estuory is no

exceplion, but recenl efforts by o number of orgonizotions hos reversed

this trend wilh restorolion proiects in ihe Skogit Rivar tidol delto ond
neorshore. Scientilicolly documenting the effects of restorotion on
the solmon populotion is o chollenge fiot neods exlensive longlerm

monitoring. ln lhis lolk, we describe o concepiuol fromework lor
predicting the effecls of restorolion, ond o mullkomponenl reseorch

design thot will ollow us to quoniify key life history types, migrolion

rotes, ond populotion dynomics in response lo mulliple reslorolion
proiects plonned for the next ten yeors.

Nisquolly Delto Phose I Estuorine Reslorotion Fish

Monitoring
Christopfier Ellings 

*, Nrsquolly NWR E Ducls Unlimired
Soyre Hodgson, Nisguolly lndion Iribe

ln the Nisquolly Dalto, the Nisquolly lndion Tribe ond the Nisquolly
Notionol Wildlife Refuge ore resloring tidol inf uence lo neorly 850
ocres o[ former posture ond formlond over the next swerol yeors.

The first phose (Phose I I wos implemented in 2002 ond recloimed

opproximotely 40 ocras o[ posture. This poper covers the results of our
Phose I reslorolion site monitoring effor]s from 2003-2005.

Our obiectives lor the Phose I restorofion site monitoring were to

woluote the opporlunity, copocity, ond reolized lunclion of the site for

solmonids ond othe, fishes ond to compore ond conhost these ftndings
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with those from other sloughs wifiin the Nisquolly Delto. Opportunity
wos exomined by fyke-tropping eoch slough mouth, invertebrote
densilies ot eoch slough throughout the 2005 sompling seoson were
used os meosures o[ copocity, ond the diet composition o[ unmorked
ond morked (hotchery) Chinook solmon wos used to ossess the reolized
function of the sloughs for supporting juvenile Chinook.

Resuhs indicoted thot the Phose I rsstorolion site provided immediote
benefit to Nisquolly fishes by producing lorge quontities of prey
orgonisms, Blind tidol sloughs were found to bs on importont hobitot for
severol fishes in lhe Nisquolly Deho but the divarsity ond density of fish

voried between the sloughs. Cumulolively, this monitoring doto enobles
us to moke educoted hypolheses obout ths impoct of continued estuory
restorolion on Nisquolly Deho fish ecology.

lone Tree Creek ond Pocket Esturory R.eslorotion Pro]ecl
Todd l{ilchell", Swinomish lndion Tribol Community
Rochel tovellFord Sorofi Akio Tiffory Hoyopotubbr) Swinomish Iribe

The lone Tree Creek Res]orotion Proiecl reslored ond enhonced solmon
hobilot in the slreom ond pocket estuory locoted on the Swinomish

Reservolion in Woshington Stote. The streom ond pockel esluory were
blocked from tidol influence ond fish possoge by o series of perched
ond undersized culverts. An importont ospect of this proiect is thot th6se

ore culverts entirely on Tribol lond. The Tribe hos token lhe initiotive to

correct fish possoge problems on Reservolion, including this proiect,

even though the lond bose is relotively smoll l< I 2 sq. miles). The

proiect restored tidol influence ond lish possoge by replocing existing
impossible culverh (2 foot diometer) with o 40' bridge, o l0 foot wide
orched culvert, ond three 8 foot wide squoshad culvsrts. Tidol influence

in lhe enhonced pocket estuory will rscrsote esluory-lype lreshwotey'
solt woter mixing zones, crilicol reoring hobitot for iuvenile solmonids.

Fish usoge will be monitored pre ond post- proiect to determine
effectiveness of improvements. Plonting odditionol estuory ond notive
plonts in the wetlonds ond increosed buffer will enhonce lhe newly
opened estuory hobilot os well os moximize ffltering effecls to improve
woter quolity. Current woter quolity monitoring will be continued to
delermine woter quolity improvements.

Rcstoring Puget Sound Neorshore Ecosystem Through the
Use of Emerging Shoreline Proteclion Technologies.
Jose Corrosquero *, Tin Abbe, Herrero Environmentcl Consulbnts, Inc.

In Puget Sound, the use of bulkheods lor shoreline protection hos

resulted in signilicont impocts to the neorshore ecosystem. The greotest

effect occurs in the upperflost portion of the shoreline beMeen MHW
ond MHHW where the foroge fish species surf smelt (Hypomesus

preliosus) ond Pocific sond lonce (Ammodytes hexopterus] spown.
This is porticulorly importont given thot the shoreline oreo between the
MHW ond MHHW is Criticol Hobitot lor solmonid species protected

under the Endongered Species Act (ESAI. ln oddition, fiese loroge fish

species ore on importonl food source for lhe ESA-protecled solmonid
species. New restorotive technologies thot emulote noturol shoreline
riporion ond oquotic conditions offer on opprooch to prolecting

shoreline while restoring neorshore hobitots. This new opprooch
emulotes lhe notive shorelines of Puget Sound, provides wove energy
dissipotion in the upper tidol zone, ond preserves foroge fish spowning
hobitot. The opprooch consists of structures formed with o complex
orroy or motrix of driltwood embedded into the beoch in combinotion
with multi slroto riporion plonting. Wood density increoses up the beoch
lo o moximum densily oi the toe of the bonk or bluff. The shuclures do
not interrupt longshore drift or reflecl wove energy ond visuolly reflect

the noturol occumulotions o[ trees ond driftwood found olong Puget

Sound shorelines. These structures con olso be usad in Puget Sound's
locustrine ond lluviol ecosystems.

Restoring the Beoches of Puget Sound
Jon Houghton *, Penlec Environmenbl
Dovid Simpson, Coosf ond HorSor Engineering

Jim Sro*es. Derel Ormerod Joson Sfutes, Pentec Environmenlol

The moiority ol the eost side of Pugel Sound wos hordened with riprop
ond bulkheods during the 20th Century ond much of this hordened
shoreline is occupied by o roilrood thot is unlikely to move. Restorotion

of more noturol shoreline hobitols, ond the noturol processes thot sustoin

them hove been identifted by severol regionol restorotion plonning
efforts in Puget Sound os one o[ the elements criticol lo solmon racovery.
This presentotion describes two proiects thot hove been complated
in Everett, Woshington thot hove sought lo reslore o more noturol
shoreline hobitot in oreos where exisling infrostruclure precludes re-

estoblishment of noturol processes. Both proiech hove creoted more
noturol beoch profiles with beoch [oce, storm berm, ond bockshore
olong opproximotely 0.5 km of hordened shoreline. Physicol monitoring
hos shown thol lhe pebble/sond beoch constructed naor Mukilteo
hos responded lo lhe ombient wove environment much os prediciad.
Biologicol monitoring ot this beoch hos shown o high level of octivity
by iwenile solmonids ond foroge {ish. lt is not yet certoin i[ foroge fish

thot previously spowned in sond ot the bose o[ the roilrood bulkheod
will octuolly spown on the new beoch, however. For the second proiect,

cleon dredged moteriol wos used to creote o sloped sondy beoch in
front of o rock ietty to improve the neorshore migrolion cooridor for
migroting solmon smolts. The ecologicol ond fiscol costs ond benefits of
both proiects will be onolyzed

Seesion 9F: Contominonl Looding! Cqse Studies
Choir: Scoft Redmon

2003-2005 Contominont Concentrotionr in Storm Woter,
Sincloir/Dyes lnlet Wotershed o Subosin of Puget Sound
WA, USA
Jill Brondenberger*, Chris Moy Borelle Pocifrc Northwest Notionol
toborulory
Robert Johnsloo Spoce ond Novol Worfore Systems Ceoter
Dwrghl teisle, Bruce Beckwith, Gerqld Sherrell, Puget Sound Novol
Shipyord & lntermediate Mointenonce Fociliy

Contominont concentrotions during storm eyents were evoluoted in

representolive streoms ond outfolls dischorging into the Sincloir-Dyas
lnlet wqtershed during eighteen wintey'spring storm evonts from
2003-2005. A combinotion of fime-composites, flow<omposites, ond
grob composites olong with flow meosurement were collected during
boseflow conditions ond storm events. Somples were onolyzed for
metol contominonls (mercury, orsenic, codmium, chromium, copper,
leod, silver, ond zinc), orgonic contominonts Ipolycyclic oromolic
hydrocorbons (PAHs) ond polychlorinoted biphenyll, ond nurienls
(totol inorgonic nilrogen ond lotol phosphorus) to determin€ 6venl meon
concenlrolions (EMCs) os o function of ]otol event roinfoll ond upsheom
lond use. Somples were olso onolyzed lor oluminum, lolol suspended
solids, ond totol ond dissolved orgonic corbon to eslimote relotionships
with porticulote motter. EMCs were evoluoted during bosellow ond
storms clossified bosed on totol event roinfoll. EMCs for outfolls were
often five timas higher thon streoms for the metols ond 2y' times higher
for PAHs; however, colculoted loodings from oufolls were lower thon
streoms dug to lhe highar flow rotes ond lorger volumes of streoms.

EMCs for copper, leod, zinc, ond mercury show o positive relotionship
between totol metols ond storm size- Generolly, this wos on inverse

relotionship for outlolls suggesting o dilution effect with lorger storms.

Chorocterizing Wostewoler Sourcee to o Smoll Puget
Sound Emboymenl using Stoble lsotopes ond Chemicol
lndicolors
Riclrord Dinicolo *, U.S. Geologicol Su ruey, Woshington Woter Science
Cenler
Ihereso tied*e USGS Columbio Rrver Reseorch Loborolory
Jessico locy, Renee Iokesug USGS Pocr'frc Science Center

The U-S. Geologicol Survey is investigoting urbonizotion effects to
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neorshore ecosyslems os port of fie Coostol Hobitots in Puget Sound
(CHlPSl proiect. The ultimote obieclive is lo link specific wotershed
ond shoreline lond-use octivities with improired neorshore processes

ond ecosystems. Shotegies for evoluoting urbon wostewoter inputs to

o smoll emboyment in Kitsop County, Woshington, wore explored in o

2006 reconnoissonce study. Somples were collected in portnership with
the Suquomish Tribe ond the Liberty Boy Foundolion to onolyze stoble
isotopes (615 N ond 0 l3C) in bioto, wostewoter-indicotor chemicols
ond metols in morine sedimenls, ond chlorophyll o in morine woler.

Multiple wostewoter compounds, including detergenl metobolites ond
humon fecol indicotors, were detecled in neorshore sediments ond
showed thot Liberty Boy wos cleorly ollected by woslewoter. leod ond
copper concentrotions in boy sediments were signiliconlly higher thon
those meosured ot o reference outside of the boy. The 615N volues lrom

biologicol tissue somples increosed consistently with increosed trophic

level, ond will be evoluoted with 613C doto to estoblish the extenl of
woslewoter nulrient contributions lo vorious levels of the lood web.
Spotiol ond temporol vorioiion in chlorophyll o concentrolions indicoted

o high sompling intensity is needed in even o smoll emboymenl to

understond the interoclion between physicol ond biologicol processes.

An lnvestigotion ir o the Fecol Coliform Pollution Around
lhc Shool lslond Shellftsh Sonitory Closure
Andrew McNoughton *, A4cNoug[ton Environmenicl Consultonh
Alice Cheung, Environmenf Conodo

The Shool lslonds is locoted in southeqst Voncouver lslond, iust eost o[
Crofton, British Columbio. The inlsrtidol foreshore is densely populoted

with Monillo cloms (Venerupis philippinoruml ond Pocilic oysters

(Crossostreo gigosl. Since the eorly 1970's, lhe oreo hos been closed
to the direct horvest of shellfish product in port due to elavoted lwels
of fecol coliform in both morine woter ond bioto ond uplond sources

ol pollution. Suspected pollution sources hove includ6d ogriculturol,

wildlife, ond the neorby pulp mill. As the closure hos consideroble
implicotions to the Hololt First Nolion (HFN), who hoditionolly horvesl

lha oreo lor [ood, sociol, ond ceremoniol purposes, the HFN hos been

octively investigoting pollution sources ond opplying remediotion

strotegies. ln 2005, under o cooperolive portnership wilh Environment

Conodo (Georgio Bosin Action Plon), the HFN continued lheir pollulion
idanfificotion ond mitigotion efforts in the Shool lslonds. Extensive field

sompling wos undertoken in both the morine environment os well os lhe
freshwoter tributories thot droin into the Shool lslonds. This presenlotion

will discuss the study results, doto onomolies, ond next steps in building

on our understonding of this complex proiect oreo.

Modeling PCB tronsport in lhe lower Duwomish
Woterwoy, Seorle WA
Eruce Norrn', King Covn\
The Lower Duwomish Woterwoy Superfund site is mode up o[
opproximotely 5.5 miles of the downstreom po*ion of the Duwomish

River which flows inlo Elliott Boy neor downtown Seottle, WA.
For decodes much of lhe lond odlocent to lhe lower Duwomish

Woterwoy hos been indushiolized. The U.S. Environmentol Proteclion

Agency (EPA) odded the woterwoy to lhe Super{und list in 20Ol
becouse of conlominolion found in the woterwoy sediments, notobly
polychlorinoted biphenyls (PCBs). To supporl modeling of PCB

occumulotion in the oquotic foodweb, o lhreedimansionol fote ond
lronsport model wos opplied to simulote PCBs using the Environmenlol

Fluid Dynomics Code IEFDC). An onolysis o[ model sensitivity to

different choices of model configurotion ond resolution is given,

illustroting the imporlonce of scole on selecting o model configurotion.

Currenl Use Pesticides in Surfoce Woters from qn Urbon
qnd figricuhurol Wotershed of rhe Puget Sound Bosin
Chris Burke, Poul Andenon, Don Dugger, Dole Norircn *, Wosfiington
Stote Depormenl ol Ecology
Jim Co es, Wosfringtrcn Stote Deporment o[ Agricubure

The unintended fonsport of peslicides lo surloce woters poses o risk to
oquotic orgonisms. ln response lo concerns of non.lorget toxicity, the
Woshington Stole Deportmonts of Agriculture ond Ecology estoblished

on inlensive surfoce woter moniloring progrom for pesticides in solmonid

beoring streoms to generote regionol dolo to evoluote exposure. Two

study wotersheds in the Puget Sound bosin, Thornton Creek ond the

Skogit-Somish Rivers, were selecled lo represent urbon ond ogriculturol
lond-use.

Thornton Creek, which dischorges to [oke Woshinglon wos selecled

os the urbon index wotershod due to hobitot utilizotion by solmonids,
prespowning mortolity of Coho Solmon, ond hisloricol peslicide

deteclions. The SomishSkogit wotershed represenls o diverse
ogricullurol oreo, with intense production ond proximily to solmonid
beoring surfoce woters.

During 2003.2006, the progrom collected somples weekly between

Morch ond Seplember- Novel procedures were employed to onolyze
for '120 currently registered pesticides ond degrodote compounds.

Progressive r6gislrotion restriclions in lhe urbon wotersheds hove leod

to on opporenl decreose in delsction frequency ond mognitude of
orgonophosphorus inseclicides.

Secsion IOA: Hood Conol ond DO: Nulrient
Dynomics
Cfioir; Duone Fogergren

On the Movement ond Fote of Woter ond Nitrogen in the
Hood Conol Wotershed
)effrey Richey', School oI Oceonogrophy, Universily oI Woshinglon
Porronee Tlronopokpowin, Depl. oI Chemicol Engineering, Universily o[
Woshington
lAolthew Wiley, Dept of Civil ond Environmentol Engineering, Universily

of WosIington

ln order lo idonfify rhe polentiol noturol ond onlhropogenic foctors
thot moy be contributing to Hood Conol's severely depleted oxygen
levels, the Hood Conol Dissolved Oxygen Progrom (HCDOP) is loking

o wotarshed opprooch. A dynomic moss bolonce is being estoblished

of lhe movemenl o[ woter ond nitrogen ocross the londscope into the

Conol, os o {unction of the moisture regime ond londuse ottributss. This

is being done through monitoring of the chemicol composition o[ slreom

woter dischorged into the conol, evoluolion ol lond use/lond co./er
potterns ond chonges in the conol's wotershed, ond lhe implemenlotion

o[ on integrotad hydrologicol/biogeochemicol modeling scheme

designed to simulote woter ond chemicol fluxes through the wotershed.

Hydrologic conditions in the opproximotely 1200 quore mile oreo thot
form the contribufing wotershed to Hood Conol ore simuloled using o
physicolly bosed, high resolulion, roinfoll - runoff model IDHSVM], with

GIS derived representotions of olavotion, soil type, soil thickness ond
vegetotion. A model o{ nitrogen tronslormolions on lond ond subsequent
mobilizotion to ond through skeoms is then coupled to the hydrology
model. Results oddressing overoll moss flux ond progress on seporotion

of noturol ond onthropogenic condilions ore presenbd.

Lond Cover ond Soil Effects on Freshwoter Nitrogen
looding to the Hood Cqnol
Peter Sleinberg', Michoel 9rett, Jelhey Richey, Mott Wiley, Louren
McGeoclr, Porronee Ionopo&powin, Suzonne Osborne, Universily oi
Woshinglon

The scole ond durotion of hypoxio in the N.limited Hood Conol,

Woshington hove increosed in recent yeors. Adverse elfects on
mqrine bioto hove motivoled on interest in meosuring ond modeling

streomwoter N dynomics, porticulorly lond cover, lond use, ond soil

effecE on lotol N lood ond N speciotion- Dominont lond uses/covers in

the Hood Conol tribulory wotersheds include old growth ond regrowth

conilerous forest, mixed forest, deciduous lowlond forest, os well os

suburbon ond semi-rurol development on shorelines ond uplonds.
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Among 45 sompled tributories ond neorly 2 yeors of monthly sompling
doto, we hove observed cleor correlotions between deciduous mixed
lorest ond totol dissolved N, nitrole, ond dissolved orgonic N. We
hove olso documenled negotive correlotions between molure conifer
forest ond totol dissolved N ond nitrote. Dlssolved orgonic C ond N
hove been coreloted with percentoga wotershed oreo in muck ond in
silty cloy loom soils, both of which hove high surfoce soil orgonic motter
content. Correlotions with wotershed chorocteristics ond comporisons
with typicol roinwoter N concenlrotions boih indicote thot currenl

or historic onthropogenic disturbonce in tribulory wotersheds hos

influenced the timing, speciotion ond mognitude of wotershad N looding
to Hood Conol.

Nutrienl Dynomics in Hood Conol
Corinne Eossin 

*, Jon Newton, Al Devol Univenity of Woshinglon
Don Honnofiovs, Hood Conol Solmo n Enhoncement Group

Primory produclion in Hood Conol is dominoted by lhe input ond

tronsport of dissolved inorgonic nitrogen (DlN) from severol sources.

The residence time of DIN in Hood Cqnol os well os the dynomics
governing lhe movement of DIN needs to be further resolved, especiolly
regording its impoct on stimuloting hypoxio. At times, somples in lynch
Cove otthe londword end ol Hood Conol hove shown higher levels

of nifote thon somples ot Admirolty Inlet, the entronce to Hood Conol,
suggesting relention ond recycling of nitrogen. Horizontol cross sections

of nutrients collected by PRISM ond WA-DOE in the l99O's ond 2000's
will be discussed to occess this potentiol increose in DIN olong the

conol. Nutrients ot discrete depths os well os CTD profiles hove been

collected ol severol stotions from Admirolty lnlet to Lynch Cove on o
monthly bosis by o volunteer proiect through HCSEG ond HCDOP
These doto, sponning 2OQ4?OO7, will be used to mop DIN temporolly

ond spotiolly in Hood Conol. Of interest is if o nutrient grodient is

observed with these doto ond how the grodienl chonges olong Hood

Conol firoughout the yeor ot discrete depths. The pycnocline depth
olong ond ocross the chonnel will be used to discuss ihe movement of
morine nitrole lhrough the conol.

The lnleroction of Nitrote Geochemistry ond Physicol
Processes in Hood Conol, Woshington
Anthony Poulsont, U.S. Geologicol SuNey, Woshinglon Wqter Science

Cen ler
Morlene Nobls USGS Coostol ond Morine Geology
Corol Kendoll, USG$ Notionol Reseorch Progrom

An understonding nitrogen cycling is essentiol to underslonding low
dissolved oxygen conditions in Hood Conol. An onomoly of high volues

of 0l5N ond 6l80 of nihote in the nihot+depleled woters ol shollow

sites in Lynch Cove, during September 2004 hos been previously

raported. During the period thot these discrete woter column somples

were collected (September 2l-231, o CTD mounted on o bofom lripod
ol fie entronce to lynch Cove documented o front of worm, solty woter
entering lynch Cove on September 22. Comporison of temperoture-

solinity profiles from CTD costs with the sequence of the lemperolure
solinity doto lrom the mounted CTD for the month prior to the CTD costs

provides insight inlo the physicol processes thot offected the isotopic

signoture of nirote. The temperotur*solinity CTD profiles indicolo lhol
lhe woter contoining depleted nirole concentrotions ond higher volues

of 615N ond 6l8O of ni[ote entered lynch Cove the previous month.

ln controsl, woler contoining higher nitrole concenlrolions ond lower
volues of 6l5N ond El80 of nitrote wos either ot the leoding edge

or behind the front of solty, wormer woter. Thus, the omount of time

woter wos resident in Lynch Cove likely wos responsible for the oltered

chemicol signoture of bottom woter from shollow sites.

Quontifuing Submorine GroundWoler Dischorge ond
Nutrient Looding into the Lynch Cove Areo of Hood Conol
Willbm Simonds *, Peler Sworzenski, Cfiris Reicfi, Joson Greenwood,
Don Rosenberry U.S. Geologicol Survey

Low dissolved oxygen concentrolions in the wolers of Hood Conol
threolen morine life in lote summer ond eorly outumn. Euhophicotion in

the londword reoches of the conol hos been linked to phytoplonkton
growth, which is controlled by nutrients (primorily nihogenl lhol enler
the conol from vorious sources. Although seowoter entering the conol is

the lorgesl source ol nilrogen, groundwoler dischorge olso contributes
significont quontities porticulorly during summer months when increosed
nutrient ovoilobility in the conol directly effects eukophicotion. The

omount of nutrianls entering Hood Conol from ground woler is being
estimoled using direct ond indirect meosuremenls of ground-woter
dischorge ond onolysis ol nutrient concentrotions. Ground-wqter
dischorge to Hood Conol is vorioble in spoce ond time becouse of
locol geology, the hydroulic arodient in the ground-woler system

odiocent to the shoreline, ond o lorge fidol ronge of 3 to 5 meters.

Slreoming resistivity surveys olong the coostline of lynch Cove ond
meosurements o[ ground-woter seepoge ond hydroulic-heod grodients
in the shollow neor shore oreos were used to chorocterize the spoliol
voriobility of submorine ground-woter dischorge ond identify oreos of
enhoncad ground-wofer dischorge. ln oreos with conlirmed ground-
woter dischorge, shoreperpendiculor rasistivity profiles, conlinuous
electromognetic seepog+meler meosuremsnts, ond continuous rodon
meosuremenls were used lo chorocterize lemporol voriolions in

ground.woter dischorge over severol tidol cycles. The results of these

invertigotions show thot ground-woter dischorge into the Lynch Cove
oreo of Hood Conol is highly dynomic ond strongly offected by the
lorge tidol ronge. In oreos with o strong hydroulic arodient, ground.

woter dischorge is spotiolly concentroted in or neor the intertidol zone
with increosed dischorge during low tide. Areos with o weok hydroulic
grodient hove lower dischorge rotes ond more spotiol voriobility.
Although nuhient concentrotions in ground woler ore smoll, the flux of
ground.woter dischorge moy be lorge in some oreos of the Hood Conol
coostline; therelore, understonding the relotive lood of nutrients entaring
fie conol from the groun4woter polhwoy is potentiqlly importonl.

The Fote oI Onsite Syslem Nitrogen Dischorges in
Groundwster ol the Hood Conol Bosin
Julie Horowilzr , C. Andrew Jomes, Bryon Atieh, Ali Kondo, Scotl &lil/er,
louren McGeogh, tvloll Wiley, Mo* Beniomin, rMichoel 8relt, University
of Woshinglon

The Hood Conol bosin of Puget Sound hos been swerely oflected
by low dissolved oxygen conc€ntrolions thoughl to be coused by
excess nitrogen looding. Low disrclved oxygen impoirs woter quolity,
of{ecting fie ecologicol ond economic integrity of the region. Onsitre

woslewoler heolment systems moy be on importont source of nitrogen
to Hood Conol. This study will otlempt to quontify nihogen loods

from onsile wostewoter lreolmenl syslem effluent io delermine the
relotive imporlonce of this source lor the nutrient dynomics of Hood
Conol. We modeled nitrogen looding to Hood Conol using roles ond

coefficients obtoined lrom the primory lileroture ond regionol census

doto. lndividuol distributions were compiled lor seosonol populotion,
per copito woter use, septic system effluent nilrogan concenlroliont
ond zero order denihificotion roles. These poromelers were used

in o Monte Corlo lromework to colculole o probobilistic distribution
of poientiol nitrogon looding to Hood Conol. Becouse convenlionol
onsite woslewoler treotment systems ore not designed to remove
nilrogen lrom offluent, onsite nitrogen lood reoching lhe conol is

primorily dependent on the omount of danitrificolion which occurs in

the groundwoler flowpoth between onsita systems ond the Conol. We
ore curren y conducting in sin, meosuremanls of nitrogen loss rotes in
septic Ieochfields of neor shore ond uplond homes to determine region
specilic denikificotion rotes. This inlormotion will be opplied os o port of
o greoter ossessmenl o[ nulrieni dynomics in the Hood Conol system.

Ponel IOB: Where is Your Plon for the Sound?
Choir: Jocgues R. Whife

56



We hove plons for iire Puget Sound region thot guide everything from
commerciol, housing ond ronsporlolion development, protection of
woter quolity, {lows ond biodiversity, to the recorery of criticol hobitots
ond species ot risk. Unfortunotely, we lock effective coordinotion omong
lhese vorious plonning efforis to iointly identify the greotest existing
stresses ond fulure threots to public well being ond our erwironment.
Given lhe increosing focus on Puget Sound recovery this ponel

will focus on how these different plonning processes could scole,
incorporote, ond implement potentiolly conflicting gools ond outcomes
consistent with emerging ottitudes ond mondotes.

Ponel Members:
. Jim Kromer, Execulive Dirxtor, Shored Strotegy for Pugel Sound
. Ron Shultz, Director ol Progroms, Pugel Sound Acfion Ieom
. Normon Abbof, Director of GroMh Monogement Plonning, Puget

Sound Regionol Council
. Curtis Tonner, Proiect lvlonoger, Pugef Sound Neorshore

Portnershrp
. Molly lngrohom, Associole Direclor of Conservolion Plonning, The

Nofure Conservoncy
. lohn Floberg, Vice President Slewordshrp, Coscode lond

Conservoncy

Ponel IOC: Seo Floor Mopping ond Hobitot
Delineotion
Choir: Woyne A. Polsson

New technology provides the obility io mop underseo hobitots with
high precision. This session will feoture popers focused on the results

of mulfibeom sonor, sid+scon sonor, ond other techniques to mop the

seo floor in neorshore ond deep enviornments. Studies thot moke use

o[ these mops lo identify ond survey sub-Idol hobltots will demonstrote
the usefulness ol high resolution mops lhot improve populotion surveys,

identify hobitot types, ond improve hobitot monogemenl.

Ponel Members:
. Kim Conwoy, Geo/ogicol Survey ol Conodo
. Jei[ Morliove, Voncouver Aquorium
. Gary Greene, Moss londing Morine Loborolories
. Robed Pocunsl(f Woshingron Stote Deporlmenf of Fish ond

Wildlite

Seofloor ond Hobitot Mopping in the Georgio Bosin,
British Columbio
K. W. Conwoy, J. V. Borrie, K. Picord, Geologicol Survey ol Conodo,
Sidney, B.C, Conodo
H. G. Greene, Moss londing Morine Loborotory, Moss Londing, CA,
USA

The seobed of the Georgio Bosin hos been surveyed using swolh
multibeom bothymetry by the Conodion Hydrogrophic Service

working in concert with the Geologicol Survey of Conodo ond Moss

[onding Morine [oborotories. Geologicol mopping of the Slroil o{
Georgio is being undertoken ond delineotion o[ geologicol units is

well odvonced. The mopped geologic units reflect I ) diverse rock

lypes ond geomorphology reloted to teclonic processes 2) subsequent
glociol cycles during which extensive drumlinoid bonks were creoted

3) terrestriol sedimentolion derived moinly from the Froser River 4l
reworking of surficiol sediments by oceonogrophic processes- ln the

southern stroit the chorocler of benthic hobitots is controlled by the

distribution of blonketing Froser River sedimenls in deeper woters.

Where lhe coorse glociol subskotes ond bedrock ore montled by
recent muds, ofioched ongonisms requiring hord substrotes ore sporse

or obsenl. Strong tidol exchonge resulls in soried mobile sediments in

severol oreos such os Boundory Poss (Conodo/US border). Mopping
hos idenifred severol sponge reefs which represent unique hobitots.

Selected oreos, such os the lnternolionol Boundory oreo between the

Conodion Gulf ond U.S. Son Juon lslonds hove been mopped in detoil

ond themotic mops of seofloor geohozords ond hobitot ore under
developmenl.

Predicting Optimol Rockfish Hobitot: Comporison oI Micro,
ond Mocrescqle Modeling Approoches.
Jeff Morliove, Yoncouver Aquorium
Wendell Chol/enger, Simon Froser UnrVersity, Stotistics & Actuoriol
Sciences

Donno Gibbs, Vqncouver Aquorium

Any monogement decision is dependent on lhe quolity of informolion

thot is ovoiloble during the decision moking process. lncreosingly,
monogers ore using the results of modeling proiecls to formolly evoluote
ond select between competing monogement strotegies. ln 2004,
Rockfish Conservotion Areos IRCAs) in British Columbio were bosed

portly on o modeling prolect thot incorporoted historicol cotch doto ond

bothymeky informolion to predict oplimol oreos for designotions. The

mocro-scole modeling opprooch hos however generoted some concerns
over its degree of occurocy. These concerns stem lrom the observotion
thot rockfish often hove very specific, smoll-scole hobitol requirements.

lf this is true, then designoted oreos moy be missing locol hotspots

with prime hobitot. To oddress these concerns we outline o diffurent
opprooch whereby we developed o micrescole hobitot model to predict
the probobility of occuponcy bosed on direct ecologicol chorocteristics
believed to be importont to rockfish hobitot selection. A series of
rondomly selected dive sites insids versus outside the RCA prediciion
model were monitored in 69 dives in 2006. We ore using the site
occuponcy modelto predict the overoll hobitot suitobiliry between the

rondomly chosen locqtions within designoted RCAs ond oulside, but

odiocent lo, the surrounding model prediction oreo.

Morine Benthic Hobhor Mopping in the lnlond Seo o[
the Son Juon lslonds: An lnlernstionol lnterdisciplinory
Reseorch Progrom
H. Gory Greene, Center for Hobitot Studies, Moss londing Monne tobs
J.Youghn Borrie, Conodion Geologicol Survey

Bryon Dieter, CAorlie Endris, Center lor Hobital Siudies, Moss londrng
Morine tobs
Don Gunderson, Universily of Woshingion, Scfiool of A quolic ond
Fisfieries Sciences

Holly Lopea Cenbr for Hobitot Studies, Moss londing Morine lobs
Ron i\4cDowell Orcos lslond
Polsson Woyng Robert Pocunski, Woshington Deportment oI Fish ond
Wildlite,
For the post five yeors high<esolution multibeom bolhymetry ond
bockscqtter doto hove been collected in the inlond seo of the Son Juon

lslonds ond the southern Stroit o[ Georgio oreo os port o[ o Center Ior
Hobitot Studies (Moss [onding Morine Loborotories) ond Geologicol
Survey of Conodo (Noturol Resources Conodo) e[{o* to choroclerize
potentiol morine benthic hobitots. Emphosis wos ploced on rocklish
(Sebostes spp.I hqbitots becouse of the declining obundonces of
these fishes. The deep fiord chonnels ond stroits were imoged using o
Simrod I 002, 95 kHz system, whereos the shollow woier oreos were
imoged using Simrod 3002 300 kHz system. Geologicol structurGs,

including foults (some octive) ond folds, glocioted bedrock, ond
extensive sedimenl woyes ond dune lields were imoged. Geologicol
interprelotions of these imoges suggest thot octive lectonics hos shoped
the seofloor ond islonds into steep wolls ond cliffs thot hove since been
modified by gloclolion. ln oddifion, strong tidol currenls hove winnowed
most of the glociolly deposited sadiments into coorsegroined log
povements ond boldey'cobble/pebble fields. The po$ ond present
octive physicol processes ore whot creoted $e desiroble botom flsh

hobitots, such os steep, neor verticol rock wolls, stocked boulders (e.g.,

moroines ond rockfolls), which hoye the potentiol of providing hobitot
[or iuvenile ond odult rock{ish, ond sondwoves lhot shelter sond lonces

ond other orgonisms, ond moy provide foroging hobitot for bottom
fish. This newly found informotion is now being used to evoluote the
ellectiveness of MPAs in fie Son Juon lslonds.
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Results of o Hobitot-bosed Survey of Son Juon Chonnel
Bottomffsh Using o Smoll Remotely-Operoted Vehicle
IROVI
Robert Pocuns&i, Woyae Polsso4 Woshington Stole Deporrmen, o, Fish

ond Wildli[e
Don Gunderso4 University of Wosfiinglon School o[Aq uotic ond Fishery

Science

Gory Greene, Cho/es Endr[ Moss londrng rMorine lobs

A smoll ROV wos used lo survey morine hobitots in SonJuon Chonnel
(SJC) to exomine differences in hobitot use by benthic morine frshes ond
improve existing hobitot mops of the region. Highresolution multibeom
sonor doto ond coorse-scole comero dolo were combined to develop o
mesoscole l1-10 km resolution) hobitot mop thot served os the sompling
frome.

We occomplished 58 lronsects 1o depths of 145 m covering on
estimoted oreo of 38,167 m2. Rockfishes, lingcod, ond kelp greenling
were highly ossocioted with rocky, complex hobitots, while iuvenile
godids occurred olmost exclusively on flot sond, mud, ond coorse
substroles. Trowl, SCUBA, ond drop<omero surveys hove hoditionolly
been used to ossess bottomfish populotions on benthic hobitqts in SJC,

but eoch hqs been limited in their coveroge of hobitots becouse o[
depth, time, ond subskote type- The use of o smoll ROV provides one
lool lhot overcomes these limitotions ond con be used lo chorocterize
fish communities ot oll depths ond bottom lypes ond to provide
quonlitolive estimotes of obundonce ond disribution.

Session IOD: lnvosive Species ll - Monogement,
Risk Evoluation ond Prediction fools
Choir: Kevin Anderson, PSAf

Aquotic lnvosive Species in the Stroit oI Georgio, Brilish
Columbio, Conodo
Ihomos flrerrioul, Fisheries ond Oceons Conodo
Glen Jomieson *, DFO
Cloudio Di8occo, UBC

Colin levings, DFO

Aquotic lnvosive Species lAlS) by definition ore not notive to the

ecosyslem in which they ore found ond pose o throot to notive
biodiyersity ond economic wellbeing of ecosysiems ocross Conodo,
including the Stroif of Georgio (SoGl. The SoG is susceptible to
AIS due to relotively worm summer surloce woters ond lower solinity
oreos thot creole unique hobitots thol could anhonce invosion success

potentiolly porolleling other highly invoded systems such os Son

Froncisco Boy. ln oddifion o wide voriety o[ AIS veclors ore ovoiloble to
lronsport AIS into the SoG including commerciol shipping, recreotionol

booting ond oquoculture, eoch of which hos lronsported non-indigenous
species lo the oreo in the post. To belter understond AIS ond their
impocl in morine ecosystems Conodo hos iwo new moior progroms:

l) the Conodion Aquotic lnvosive Species Network (CAISN); 2) the

Conodion Deportment o[ Fisheries & Oceons (DFOI AIS progrom. The

CASIN progrom oims to better understond AIS vectors ond pofiwoys
ond loctors olfecting AIS estoblishment while the DFO progrom is

focused on Risk Assessment, Monitoring, Reseorch ond Ropid Response.

An overview of eoch of these mojor progroms will be provided ond
preliminory findings discussed. links to similor octivities in the USA will
be highlighted on this Fonsboundory issue.

lnvosive Tunicotes in the Stroit of Georgio, British Columbio
Cothryn Clorke, Glen Jomieson, Thomos Therrioult, Fisheries & Oceons
Conodo
Heidi Gorlner", University of Victotiz; Fisheries & Oceons Conodo

The economic impocts of invosive tunicote species con be sovere,

porticulorly on suspended shellftsh ond oquoculture equipment. These

invosive species hove modifted benthic hobitots for o voriety ol botom-
dwelling species ond ore smothering both wild ond cultured sessile

inverlebroles. Four species of tunicotes hove recently been recognised
os nonindigenous species in British Columbio: the solitory tunicote
Styelo clovo (club tunicote) ond the coloniol tunicotes Botrylloides
violoceus (violet lunicote), Botryllus schlosseri (golden stor tunicote),
ond Didemnum sp. A monitoring proiect to document the distribution
of nonindigenous tunicotes wos begun in spring 2006. Two types
of settlement plotes wera deployed ot nine locotions throughout the
Stroit of Georgio ond the prasence ond density of notive ond non-

notive species wos recorded. At leost three species of potentiolly
invosiye lunicotes were idenfified on the colleclors. Their presence

ond obundonce is much more extensive thon previously thoughl for
the region. Preliminory results o{ the investigotions into lhe spotiol
dislribution ond populotion dynomics of nonindigenous tunicotes within
BC woters ore presented.

Risk evoluotion ol invosive species lronsporl ocross lhe
U.S. - Conodo border in Woshington Stote
louro Sellens 

*, Amy Jewell, April Morkiewicz, Woyne londis, Western

Woshingfon Universily

lmpocts of nonindigenous invosive species (NlS) ore o multi-million
dollor cost to sociely every yeor. lncongruities exist between lhe
Conodion ond Americon policies thot regulote the introduction ond
control of invosive species. Policies moy ineffectively overlop ocross
terrestriol, freshwoter, ond morine iurisdictions. NIS ore eosily
overlooked ot border crossings due to the smoll size oI propogules ond
becouse immigrolion, customs, ond securily concerns ioke precedence,

We used the Relotive Risk Model to conduct o londscope scole risk

ossessment o[ humon madioted tronsport of invosive species ocross the

Woshinglon Stote-Briiish Columbio border. This proiect inyestigqted
lerreslriol, freshwoler ond morine tronsport pothwoys o[ invosive plonts
ond onimol species to the moior hobitot types in Woshington. Risks of
impocts by NIS were colculoted for endpoints of economic, culturol,
ond ecologicol importonce. Guontitotive onolyses were performed
spotiolly in o geogrophic informotion system (GlS). Uncertointy ond
sensitivity onolyses were perlormed using Monte Corlo Simulotion
softwore. The results of this ossessment will be used to in{orm policy
mokers ond monogers on both sides of the border of the most importont
tronsboundory tronsport pothwoys for NlS, os well os moior doto gops
ond sources of uncertoinly.

Europeon Green Crobs lCorcinus Moenos) in the
Northeoslern Pocific: Using Genetic Tools to Assess the
lntroduction ond Regionol Exponsion of on lnvosive
Species
John Dorling*, U.S. Environmenlol Protection Agency
Corolyn Tepolt,lndependent conlroclor to lhe US Environmenlol
Protection Agency
Michoel Blum, Mork Bogley, US Environmenlo/ Protection Agency

The Europeon green crob Corcinus moenos is o widely successlul

inyosive species, with esloblished introduced populotions on oll
conlinents outside of its nolive ronge except Anlorctico. C. moenos
wos introduced to Son Froncisco Boy in the lote l98O's, ond hos since

spreod ropidly northword os for os Voncouver lslond. This exponsion
oppeors to hove been madiotad by current-driven lorvol dispersol
focilitoied by periodic increoses in oceon temperoture ond neorshore
currenls ossocioted wilh El NiOo evenls. Here we report on the
development ond utilizolion o[ genetic tools for onolyzing lhe spreod
of C. moenos in the eostern Pocific. First, we describe the resuhs of
populotion genotic onolysis bosed on highly vorioble microsotellite
morkers. This onolysis further supporb the hyprothesis thot C. moenos
hos spreod by lorvol dispersol from o single introduced populotion in

Son troncisco. Our genetic doto show no evidence of multiple cryptic
introductions to the North Americon Pocific coost, ond ore consislent
wilh significont ongoing gene flow betr,veen estoblished populotions.
We olso describe the development of o DNA"bosed ossoy for the5a



specific ond highly sensilive detection of C. moenos lorvoe in mixed
plonkton somples. Given the importonce of lorvol dispersol ond the

possibilily of odditionol introductions vio bollosl woter honsport, lhis

ossoy should prove o povverful monitoring lool for reseorchers ond
monogers concerned with the inlroduction ond spreod of this species.

Predicting the Poter iol Distriburion of lhe lrwosive Tunicqte
Didemnum Sp on the Conodion West Coost
teif-Moflhios Herborgt, Tom Therriouh, Glen Jomieson, Fisheries ond
Oceons Conodo

Predicting the potentiol dishibution o[ invosive species ollows o locused

ond efficient monogement opprooch. The invosive tunicole Didemnum
sp hos potentiol negolive ecologicol ond economicol impocts. Recenl

surveys hove shown ils presence in severol locotions within the Slroit
of Georgio, Puget Sound ond the west coost of Voncouver lslond. We
opplied ecologicol niche modelling bosed on its current dishibution

lo predict suitoble hobitot olong the Conodion West Coosl. The

distribution o[ suitoble hobilol wos then combined with estimoles of
humon oided lronsport vectors reloted lo recreolionol booting ond
oquoculture to identify oreos ot the highest risk of invosion. Predictions

bosed on seosonol oc6on tempersfure, solinity ond oxygen conlent
forecost suitoble hobitol os for north os the Queen Chorlotte lslonds.
Aquoculture focilities prwided o shong lronsporl vector for Voncouver
lslond ond surrounding woters, whereos recreotionol booting could

spreod Didemnum sp odditionolly to locotions olong Hecote Stroil. The

combinotion of ecologicol niche modelling with estimotes ol humon

oided tronsport prwide on importont tool for future monogemenl ol this

invosive species.

Bollo$ Woter ond Aquotic lnvosive Species: An Anolysir oI
Propogule Pressure on the Atlontic ond Conodion Coosts
Veronico to *, Univetsity of Bitish Colvmbio
Colia levings, Deporrment oI Fislieries ond Oceons Conodo (Pocific

region)
Nqffrolie SimonJ, Deportment ol Fisheries ond Oceons Conodo (Quebec

region,f

Koi Chon, Uniyersity ol Brkish Columbio

The introduction of oquotic invosive species (AlS) lo ecosyslems con

couse widespreod ond irreversible domoge to ecosystems. One o{
the principle mechonisms for the tronsport ol AIS is through the uptoke

ond releose ol bollost woters, which olso corries suspended sedimenis
horbouring AlS. Approximotely 3 to 5 billion tons of bqllost woter
ore lronsferred omong inlernolionol wolers onnuolly. Unfortunolely,
there ore few studies thot de]ermine the extent to which propogule
pressure-lhe frequency of introduction evenls ond the obundonce of
AIS within eoch event--offects the successful estoblishment o[ invosive

species. This knowledge gop will be oddressed by developing o
geogrophicol dotobose using shipping potterns ond ossocioted bollost

woier dob os o surrogole for potentiol propogule pressure, ond will
odditionolly be used to onolyze the impoct of propogule pressure on
the temporol dynomics o[ invosive species (time to estoblishment ond
to 'superobundonce'). The shipping poltern onolysis is on imporlont
initiol step in o notion-wide reseorch proiect, the Conodion Aquotic
lnvosive Species Network (CAISN) (http://www.uwindsor,co/CA|SN),

which represents o colloborotion between scieniists in universitias ond

5 federol loborotories, the shipping ond oquoculture industries, ond

nongovernment orgonizotions. The results will ollow the Network to
determine opproprioto ports to somple [or reolized propogule pressure.

This reseorch is supporled hrough funding to CAISN from NSERC, DFO

ond olher sponsors lisbd ot: www-uwindsor.co/CAlSN.

Session IOE: Sediment Gluolity ond New Cleonup
Sile Evoluotion Methods
Choir: rMoggie Dutcfi

Coastol Conditions in Woshington Stote: Esluories,
lntertidol, ond Offshore
Yolerie Portridge*, Woshinglron Stole Deportmenf o( Ecology

The Coostol Component of lhe West Coost Environmentol Monitoring
ond Assessment Progrom {EMAP} is o portnership o[ the U.S. EPA,

NOAA, ond the stotes of Colifornio, Oregon, ond Woshington to

meosure lhe condition of rhe esluorine ond oflshore woters of ]hese

three slotes. Coostol EMAP is on integroted, comprehensive monitoring
progrom using spotiolly-bolonced probobilistic designs ond common
sets ol survey indicotors for oll stotes. Becousa of the compotible
designs, coostol conditions con be described ond compored ot
severol levels of scole. From 1999 through 2003, the cooslol woters

of Woshington were sompled occording to strotified rondom designs

lor smoll ouler<oost estuqries {19991, the greoter Puget Sound oreo

{2000}, estuorine inlerlidol oreos (2002}, ond the continenlol shelf

{2003). ln 2004, the outer<oost esluories ond Pugel Sound were

sompled ogoin os port of EPA s EMAP Notionol Coostol Assessment, tro

exomine temporol trends. Doto were collected for o suite of indicotors
of biotic condition (infounol communities, fishJissue contominonts),
obiotic/pollutont exposure (sediment quolity), ond generol hobitot
condition (woter quoliry, sedimentsl. This presentolion gives the 6rst

comprehensive look ot th6 condition o[ Woshington's coostol oreos,
estuorine ond offshore, in the period 1999-2003 ond o comporison o{
the 6stuorine oreos from 1999-2000 to 2004.

Historicol Record of Troce Metols in Sediment ond Noturol
Recovery in the Moin Bosin of Puget Sound
Jill Brondenberger*, Eric Crecelius, Eorelle Pocifrc Nortfiwest Nolionol
Loborotory

This study compores troce metol profiles ond sedimentotion rotes from

sediment cores collacted ol the some locotions in Puget Sound in 2005,
199l, ond 1982 to eslimote the role o[ surfoce sediment recovery for

select metols ond determine lhe rote o[ buriol of the historicol peok

in contominonts. ln the 1982 core, the depths of moximum leod
contominolion were 2l-34cn, in 1991 the depths were 43-49cm,
ond in 2005 the depths were 5860cm. This indicotes thot cleoner
sedimenh ore burying historicolly conmminoted sediments ot o rote

of opproximotely lcm/yr, which is consistent with the sedimentolion
rote estimolod using leod-210 doting bchniques. The ]hree studies

provide empiricol evidence lhol environmenlol regulotions lorgeting
troce metols hove hod o positive impoct on the woter quolity in Puget

Sound- Point source conlrols enocted since the I970s resulted in o
signilicont reduc]ion in the onthropogenic enrichment of leod, copper,
zinc, ond orsenic. However, lhe rote ot which leod, copper, ond zinc
ore opprooching preindustriol conditions hos decreosed since the loto
1980s. This suggests thot poinl-source controls significontly reduced the

metol lood enlering lhe moin bosin of Pugel Sound, but dilfuse sources

moy impede the continued progross of recwery for some metols li.e,
leod, copper, ond zinc).
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Con Sediment Proftle lmoging Surveys Sheomline Cleonup
Site lnvestigotions?
Iom Gries *. Dqle Norfon, Pete Adolphson, Brod Hellond, Wosf,ington
Deporfment of Eco/ogy
Joe Germono, Dove Erowning, Germono ond Associoies, lnc.

Sediment Profile lmoging [SPl] hos been used in the Puget Sound to o)

identify disposol sites for cleon dredged moteriol, b) conlirm occurote
plocement of dredged moteriol, c) evoluole dredged moteriol impocts

on benthic communities ot disposol sites, ond d) evoluola sedimen,
quolity ond benfiic communities ot contominoted sediment cleonup
siles. Cleonup site studies, however, hove been designed to mop oreos
impocted by contominonts/wood woste or ossess benlhic community
recovery olter remediol octions. During the summer of 2006, the Stote

o[ Woshington begon one of the fkst investigotions of whsther or
nol preliminory SPI survey resulh might reduce the need to meosure

common indicolors of sediment quolity ot cleonup siles.

Two sediment cleonup sites were chosen for on explorotory
investigotion: the Lower Duwomish Woterwoy (LDW) ond Port Gomble.
Sompling wos conducted during July ond August, 2006. A nonrondom,

shotified design wos developed to moximize ufility of 6e limited doto
1o be collected. SPI surveys included more thon 80 slotions in the tDW
ond over 30 stotions in Port Gomble. Bosed on interim SPI results,

sediment conventionols ond in situ benthic communify chorocteristics
were meosured ot 50 of these stotions. Contominont chemistry ond
loborotory loxicity were olso meosured in 30 IDW somples. This

presanlotion will describe results of onolysis of relotionships belween
SPI doto ond conventionols, contominonl chemistry, toxicity ond b6nthic

community doto.

Evoluofion of Posl-Dredge Monitoring Resultc to Assess Net
Risk Reducion of Different Sedimenl Cleonup Options
Jeflrey Slern", King Counly, Deptortment of Noturol Resources ond
Porks, Woter ond lond Resources

Cloy Potmont, Don Hennessy, Anchor Environmentof [tC.

A survey of recent sediment cleonup proiects, including the Diogonol/
Duwomish lWoshinglon) sediment cleonup proiect completed in

2004, demonskoies thot postdredge sedimenl residuols ore presenl

within ond immediotely bayond the dredge prism. The dredging-
reloted releoses o{ conlominonts into lhe woter column, olong with
releoses from permonently bedded residuols con tempororily increose

biooccumulotion of contominonh during ond following dredging ond

followon copping octions. We exomine the Diogonol/Duwomish
proiect where concurrgnl sediment, woter, ond tissue doto were
collected to support detoiled evoluolions of contominonl exposure
resuhing from the cleonup proiect. Bounding ossessments were used tro

identify the chorocteristics of dredging ond copping-reloled contominonl
exposure, ond to evoluote whot dolo moy be oeeded to improve
our understonding of contcminonl exposure from sedimenl, woler
ond tissue medio os o resuh of implemsntotion of different sediment
cleonup lechnologies. The results from this cose study ore olso used to

demonstrote how predictive modeling con be used to ossess short-term

risk implicotions thof con result from releoses during proposed cleonup
oclions. This informotion con inform avoluotions of risk reduclion
provided by differenl sediment cleonup ollernotives ond provide on

ossessmenl of net risk reduclion consislenl with cu116nt EPA guidonce.

Session I OF: Environmentol Educotion! Cirizen
Science
Choir; Greg Ambrozic

Free Fish ond lnvertebrole lD Closses Gets SCUBA Divers
lnvolved in Morine Conservolion
Jonno Nichols *, Anne StolL, Shoun lone, Joseph Goydos, SeoDoc
Socieiy, UC Dovis Wildlile Heolth Center

ln the Georgio Bosin Puget Sound, recreotionol SCUBA divers con
help monitor morine ffsh ond inverlebrota populotions by entering dive
sightings inlo o notionol dotobose {www.reef.org). Porlicipolion is o
vehicle for citizen stewordship ol sub-tidol resources thot ore not visible
lo the public ol lorge, ond doto collected on species distribution ond
species obundonce con help biologists working lo recover species

in decline or idenfily invosive species. Previous work suggested thot

offering free Iish ond invertebrote identificolion closses wos the best woy
to increose diyer porticipotion. After troining 261 citizens to idantify o
suite o[ common fish ond invertebrotes, porticiponts were queried to see

how mony dive surveys they hod conducted ond to see if lhey felt thot
troining hod increosed their copocity lor morine conservolion. The 26]
people troined were queried ond 'll % [n-29) compleied on orFline
follow-up survey. On overoge, eoch poriicipont reported conducting
six roving dive surveys since loking the closs. Assuming respondenls ore
representotive o[ the group ot lorge closs porticiponls hove colleclively
olreody completed l,6l I surveys since tolking lhe course. Addifionolly
97% o[ respondents fell the course increosed their oppreciolion for
morine creolures ond conservolion, while 55% responded lhot the

closs inspired them to increose lheir morine conservolion ellorts in woys
odditionol to conducling roving dive surveys. Judging lhe merit o[ morine
conseryotion educotion efforts cqn be difiicuh; however, it oppeors thot
oflering free fish ond invertebrote identificotion closses increoses diver

porticipotion in collecling helpful doto ond increoses their copocity for

olher morine conservotion octivilies.

HCDOP Diver Observqlion Progrom: Volur*eer Diver
Observotions Are Used to Monitor lhe Deprh Distribution
of Fish in Relotion to low Dissolved Oxygen Conditions
Iereso Sioslrom *. Don Honno{ious, Hood Conol Solmon Enfioncemeni
Group
Jonno Nichols, rflike Rocing Woshingfon SCUBA Allionce

Hood Conol is o long, deep, norrow fiord which lies west of the

greoter Puget Sound bosin in western Woshinglon. This unique morine
woterbody hos physicol chorocteristics ond processes which moke the
soulhern portions especiolly prone to onnuol low dissolved oxygen

lDOl conditions. The morine bioto hove shown consideroble behoviorol

ond dishibufion responsas to chonges in the low DO concenlrotions.

To be[er understond how morine life in Hood Conol responds lo
chonges in DO, o volunteer Diver Observotion Progrom hos been
developed os port of o lorger Hood Conol Dissolved Oxygen Progrom

sciance plon.

Recreotionol ond volunteer diver observolions ore being used to
exomine bioto neorshore moyements o/er lime ond invosligote how
trends in obundonce ond depth distributions moy correspond with DO

concentrotions.

During the 2OO6 low DO period ond resultont fish kill e\,5n1, reporls
lrom volun]eer divers provided insight to the behovior ond condition
of mony fish ond irvertebrote species. Observotionol doto reflected
the progression of the fhh kill event by recording the shifts in depth
diskibutions ond spotiol obundonce of the fish populotions.

The Diver Observotion Progrom provides o mechonism for divers to
shore their observotions ond conlribute to the lorger ellorl to understond
the couses ond effects of low DO periods in Hood Conol.



Citizen Science Monitoring ot Nirquolly Reoch Noture
Cenrer (NRNCI
Doniel Hvll*, Nisquoliy Reocfr Notsre Center

SinceJune 2003 NRNC implemented o highly successful Citizen

Science plotform fiot provides people o woy to leorn, be involved
with, ond toke ownership ol the importonl process o[ anvironmenlol
monitoring, doto monogemenl ond reporting on issues lhol offecl
lheir locol environmenl. Our plotform includes; neor shore monitoring
through lish seining ond invertebrote quodrote sompling, bird monitoring
in coniunction with estuorine restorotion, esiuorine phytoplonkton
diversity ond obundonce, invertebrote monitoring on esluorine
reslorotion by neuston, benthic core, ond follout sompling.

It is our intention lo shore our monogement ond methodology behind
our progroms wilh others lo encouroge the successful use of citizen
science in the future.

Scobirds, Citizens, ond Conservolion: The Coostol
Observotion ond Seobird Survey feom
Julia K Parrish, Kote litle*, Jone Dolliver, University of Woshington

The US Commission on Oceon Policy ond the Pew Oceons Commission

hove colled for high quolity, occessible inlormotion, increosed oceon
educotion, ond on increosed slewordship ethic omong citizens. With
effective design, implementolion, ond moinlenonce, cilizen science
progroms con onswer bolh of these colls6collecting high quolity doto
while educoting ond informing citizens.

The Coostol Observotion ond Seobird Survey Teom ICOASST) is o
cilizen science proiect ol the University ol Woshinglon in portnership
with locol community ond environmentol orgonizotions, ond stote ond
federol ogencies. More ihon 400 COASST volunleers suryey more thon
150 beoches monthly in Woshington, Oregon, Alosko, ond northern
Colifornio using beoched birds os environmentol indicotors. ln on
overoge yeor, volunleers discover ond log more thon 2000 corcosses of
neorly 6O species. Wa hove designed on inlegroted troining ond doto
veriffcotion progrom thot ollows us to trock volunteer occurocy, which is

ot naorly 90% every yeor.

Whot do beoched birds tell us? Doto collecied by COASST volunteers
creotes the boseline, or "normol,' pottern o[ beoched bird deposition
which ollows for the delection o[ chonge from noturol ond humon-

induced couses. So for, COASST dolo hove shon n consistenl onnuol
potterns of post-breeding mortolity ond migront winterkill which
represent 50.75% o[ onnuol deposition, ond olerted the scientific ond
monogemenl community to deviotions Irom the normol potlern, such os

the spring dieoff of Brondt's Cormoronts ond Common Murres in 2005
during which Brondr's Cormoronls were being found ol roles more
thon four times normol. ln COASST, ci]izens ore collecting highquolity
dolo thot con directly inlorm noturol resource monogement decisions,
while becoming more informed ond oc ve stewords of their coqstol
environmenl.

Reslorotion Regource: An Online Restorqlion ond
Monitoring Dotobose Ior Volunlcers
Jomes Selleck', lll, Elizo Ghilis, People For Puget Sound

Hobitot restorotion proiects require o solid foundotion o[ lhe most

current scientific knowledge for the grootest chonce ot success. There

is ohen o borrier in public occess lo lhe bestoroiloble proctices from
professionol ond experimentol reslorotion proiects. People For Puget

Sound is estoblishing on onJine resource dotobose o[ hobitot restorotion

ond monitoring liErolure for volunteers ond other proctitioners. This

unrestricted websiie is designed lo torget o brood ronge of individuols

with scientific ond norrscientific bockgrounds. The primory oudience

is he Sound Stewordship progrom, which utilizes community-bosed
porlicipotion to design, implemenl, ond mointoin restorolion sites in

Puget Sound neorshore hobitots. GenErol topic cotegories will include
londscope struclures, environmeniol processot the floro ond [ouno

o[ neorshore environments, proiect design, ond success monitoring.

lnitiolly, the dotobose will contoin l0Gl50 orticles ovoiloble for
public use, from sources including stote ond fuderol ogencies, non-

prolit orgonizotions, ond peer+eviewed literoture where ovoiloble.
The site will be mointoined, updoled, ond omended with the most

current resources, including links lo outside sources. We will include
opportunities for us€rs to provide feedbock ond submit relevont new
moteriol. The currenl timeline hos the fully functionol dotobose ovoiloble
through the People For Puget Sound website by the spring of 2002

Speciol Poneh First Notions / Tribol Ponel
Ponel lMembers:

. Storlo Notioo Sonny McHolsig Environmenlol Protection o[ the
Sto:lo Notion

. Skogit River Cooperoriye Sysfem, Steve Hinf,cn, Colloborlive
E nvi ron me ntol P roie cts

. Homolco Nofion, Chiet Donen Bhney. Fish Form: Effects on lhe
Ecos),stem

. Tulolip hibes, Terry Willioms, Climote Chonge in tfie Solisfr Seo
Eco Region

. Sguomish Notion, Rondoll tewis, Squomisfi Environmental
Pornership Proiects
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Session llA: Hood Conql qnd DOI Biotic
Response To Low DO
Choir: Duone Foge4gren

Relotionships between Benthic lnvertebrotes, Sediment
Quoliry ond Dissolved Oxygen levels in Hood Conol, WA
Morgoret Dulcfi+, Sondro Aosen, FdwonJ long, Kothy Welch, Volerie
Portridge, Woshinglon Stote Deportment of Ecology

Relo onships between sedimentdwelling invertebrotes, sedimenl
quolity, ond dissolved oxygen levels in Hood Conol were exomined by
Ecology's Puget Sound Assessment ond Monitoring Progrom Sediment
Monitoring Teom to ossess the ef{ects of low dissolved oxygan on
benthos in Hood Conol os port of the Hood Conol Dissolved Oxygen
Progrom. Exominotion of doto collected hom 1932 through 2005
reveoled o number o[ potterns. Chemicol contominolion ond toxicity
were generolly low in Hood Conol, ond usuolly confined to Port ludlow,
Port Gomble, ond Dobob Boy. Unique inlounol ossembloges were
distinguished for nine sub+egions of the conol, bosed on benthic index,
groin size, orgonic corbon, ond depth volues. lnlounol obundonce,
diversity, ond dominonce volues decreosed {rom north to south olong
the conol's moin oxis ond in the deepest stolions, qs levels of neor-

bottom dissolved oxygen decreosed ond sediments increosed in

silkloy ond orgonic corbon conlent. Noticeoble chonges in benlhic
ossembloge structure were opporent when DO levels were ot or below
6 ond then I mg/|, Multivoriote onolyses of these doto, conducted by
tosk portner Dovid Shull, WWU, further explores these relotionships.
ldentiftcotion of doto gops, development of initiol criticol volues/
thresholds, ond recommendotions for fulure work on this topic will be
presented.

Reconslructing the Historicol Response of Benthic
Communities ro Hypoxio in Hood Conol, WA
Dovid Shull*, Weslern Woshingion University

Becouse benthic infouno ore relotively immobile ond sensitive to
concentrolions o[ bo om-woter dissolved oxygen, benthic communiiy
slructure is considered o useful indicotor of ecologicol response to
hypoxlo. The WA Deportment of Ecology hos been monitoring benthic
communities in Hood Conol, WA since 1989, bul meosurements of
botlom-woler oxygen concentrolion ot benthic sompling locotions hove
only been collocted since 2004. How con one reconslruct hisloricol

chonges in benthic community slruclure in Hood Conol due lo chonges
in botom-woter oxygen when oppropriole dolo on botlom-woter
oxygen ore not ovoiloble over lhe lime period of interest? This problem
wos oddressed by opplicotion of cononicol onolysis lo doto on spotiol
potterns of dissolved oxygen ond benthic community structure. The

cononicol relotionships beiween benthic community struclure, dissolved
oxygen, ond other environmentol voriobles were then opplied to the

longerlerm doto set for which oppropriote doto on dissolved oxygen
were not ovoiloble. The onolysis indicotes little voriotion in community
structure ottibutoble to chonges in dissolved orygen in northern Hood
Conol, but historicol chonges in benlhic communities in southern Hood
Conol ore consistenl with reduced levels of bottom-woter oxygen.

Populolion-Level lmpocs of low Dissolved Oxygen on
Hood Conol Demersol ond Benthic Bioto
fim Essington *, University of Woshinglon
Woyne Polsson, Woshinglon Deporfmenf of Fish ond Wildlih
We used long term dolo on fishes, mocroinvertebrotes ond
microinvertebroles collected throughout Hood Conol to determine
the species-specific responses of recenl hypoxic events on populotion
obundonces. These doto spon the entire spotiol ronge of Hood
Conol, including the norlhern oreos thol hove not b€en subiect to
recent hypoxic evenls. We used generolizod lineor models to test for

significont e{fects of locotion, time, ond o lime x locolion inleroction
term on species biomoss ond / or obundonces while occounting for
olher environmentol covorioles. We found some evidence for chonges

in populotion biomoss by spoce or time but there wos no consislent
kend o[ increosing or decreosing biomoss by region or time omong
species. Furlher, there wos no evidence for o lime x region interoction
(the strongest possible indicotion ol on effect of hypoxio). However,
stotisticol power to detect o significont effect wos low; on overoge, there

wos only o l8 % chonce of detecting o 50% reduction in populotion
biomoss in the southern regions o{ Hood Conol. These onolyses indicole
highly specievspecilic populotiorrlevel impocts of hypoxio ond thot
more inlensive monitoring is needed to reoch scienti{icollydefensible

conculsions regording the impocts hypoxic events on Hood Conol
biologicol populotions-

Acoustic Assessment of Biotic Response to Hypoxio in
Hood Conol
Sondro Porker Slefrer*, John Horne, University ol \loshinglo4 Schoo/ of
Aquotic ond Fishery Sciences

Hypoxic conditions con influence the horizontol or vsrlicol dishibutions

of pelogic orgonisms. ln Hood Conol (Woshington), low oxygen
hos resulted in fish kills during lote summer. Our study exomined
whether the distribution of bioto fiish ond lorge invertebrotes) reflected
decreosing oxygen levels or locolized hypoxic zones. Acouslics (38

ond '120 
kHz) were used to quontify the woter column distribution of

bioto olong tronsects between the Duckobush River ond Lynch Cove.
We surveyed Hood Conol during both doy ond night before (July),

during lSeptember), ond ofter {December) o hypoxic event in 2006.
Pelogic bioto verticolly ovoided low oxygen zones during September
However, dissolved oxygen concenhotions olone did not exploin
verticol differences omong July, September, ond December. Potterns

in horizontol distribution olso differed between sompling periods, with
lorger potches ond schools detected during July lhon either September
or December. Results suggest lhot overoll biomoss reductions observed
between July ond September were primorily due to chonges in fish

biomoss, possibly due to mortolity or emigrotion from Hood Conol.
Verticol ond horizontol movemenl due to hypoxio moy reduce pelogic
species populotion fiiness. ond could serve os on indicotor of stressful

oflshore oxygen conditions.

A History of Severe Hypoxio on lhe Outer Coosts of
Oregon ond Woshington
Brion Gron#om *, Woshington SLote Deporfment of Ecology

Hypoxio in cooslol wolers is increosing in hequency throughoul the
world. Hypoxio occurs when high nutrient ovoilobility ond strong

slrotificotion stimulote phytoplonkton growth in neor-surfoce wolers ond
increose the flux o[ orgonic moteriol to the botlom. Oxygen is consumed
os this moteriol decomposes ond in lhe obsence of mixing botlom woters

become oxygen depleted. Hypoxio iypicolly develops in enclosed or
semienclosed seos, or on open coosts with low mixing ond lorge inputs

of nutrient-loden runoff. However, it olso occurs in some coosiol systems

where the nuhients fueling phytoplonkton growlh come from seosonol
upwelling, rother thon terrestriol runoff.

ln controst to most upwelling ecosyslems, coostol woters within the
Colifornio Currenl syslom hove not historicolly experienced severe

hypoxio. However, in )uly, 20O2 severe hypoxio ond on extensive di+
off of lish ond invertebrotes occuned in shollow woters oll fie centrol
Oregon coost. Hypoxic conditions hove recurred eoch yeor since then

ond in summer 2006, po*iculorly severe hypoxio extended up the
coost {rom Oregon into Woshingion, where it coused moss mortolity of
fish ond crobs. This tolk will review the history of hypoxio on the WA
ond OR coosts ond discuss the possible couses ond implicotions of this

recenl phenomenon.



History of Hypoxio Recorded in Sediments of Hood Conol,
Puget Sound
Ent Crecelius *, Botrclle Pocifrc Nortfiwesf Nolionol toboroiory
Jill Brondenberger. Eottelle Morine Sci. lob
Potrick louchouorn, Iexos A&l,l Universily
Sheri Cooper, Bryn Athen College
Eslello teopold, Liu Gengw4 Universif oI Wosfiingl,on

Kristin McDougolf US Geo/ogicol Survey

Hood Conol, o fiord in Puget Sound, hos experienced severol hypoxic

evenls in the lost lew yeors thot resulbd in fish kills. Sediment cores

were collected ond oge doted for the purpose of reconstructing the

history of hypoxio. from preEuro Americon selllemenl to lho Present
using o mulfilrocer opprooch bosed on the comporolive onolysis o{

concomilonl morkers of radox-sensitive ond stoble metols; elementol,

isotopic, ond biomorker signofures o[ orgonic motter; ond ]he

occumulotion of microfossils. The morkers recorded in lhree sediment

cores show historicol fluctuotions in sedimentory redox condilions ond
inputs o[ orgonic molter [OM; morine vs. terrigenous]. The relotionship

between lhem suggests thot the more lobile morine OM supports higher

respirolion rotes in deep bosins. Additionolly, the redox indicotors in

sediments deposited prior lo Euro Americon settlemenl, show thot deep
\ /oter oxygen levels hove historicolly been lower in these bosins thon

they hove been for the most port of the 20th Century. There oppeors to

hove been opproximotely five hypoxic evenis during the lost 500 yeors

lhot were more severe lhon hypoxic events during the lost 5O yeors.

Bosed on ftese historicol hends, the increose in morine OM recorded

in the lost decode suggests thot conditions conducive to low oxygen

levels ore now returning lo the Conol. There oppeors to be o good

correlotion beMeen the liming o[ the hypoxic events in fie Conol ond

the interdecodol climote signol in fie Pociffc-

Session I I B: Morine Birds ond Wolerfowl I
Choir: Dove Nysewonder

Fiel4Feeding Behoviour oI Wintering Woterfowl on the
Froser River Delto
Kim Houghton', Ducks Unlimited Conodo

locoted on the Pocilic Flywoy, lhe Froser River Delto IFRD) contoins

one of the lorgest estuories on lhe north Pocific Coost. Approximotely
one million migroting ond wintering woterlowl use the FRD on o
yeorly bosis. Uplond ogriculturol crops provide importont foroging

hobitot for dobbling ond grozing woterlowl, however, urbon sprowl,

increqsed humon disturbonce ond chonging lond-use policies conlinue

to reduce the omount o[ wolerfowl hobitot. To better underslond

hobitot prelerence of wintering woterfowl on ogriculturol londs,

feeding behoviour ond grubbing depths were exomined using the

Altmonn scon sompling technique on three common croP tyPes: Potofo,
perenniol gross ond corn. Observotions were conducled on o weekly
bosis from October 2005 through April 2006. Foroging behoviour

wos cotegorized os skimming, pecking, grubbing ond non{oroging

behoviour os resting, preening ond locomotion. Resulh showed five

species ol woterfowl feeding on uplond ogriculturol crops with most

time spenl on potolo fields. However, eoch species disployed different
behoviour while present on this crop type. Americon Wigeon (Anos

omericono) ond Mollords (Anos plotyrhynchos) were the only species

{ound grubbing but they did so ot vorying depths. Green-winged Teol

(Anos crecco) ond Northern Shovelers (Anos clypeotol were observsd

only pecking; Northern Pintoils lAnos ocuto) moinly resting. This study

demonstrotes the importonce o[ pototo fields to migrotory woterfonl

ond enobles decision-mokers to improve conservolion plonning ond

delivery to meet nulrilionol ond other requirements o[ woterfo,rrl on ]he

FRD.

Seosonol Hobitot Requirements of Surf ond White-Winged
Scolers
Eric Anderson *, Jomes loworn, Depofiment of Zoobgy ond Physiology,
Universily of Wyoming
Dovid Nysewonder, Joseph Evensoo WD|W, PSAMP l{orine Bird ond
Mommol Moniloring

While declines in mony morine mommol ond bkd populotions ore
welliocumented in tha Puget Sound-Georgio Bosin, the role o[ specific

hobitot resources in such declines is often unknown. To guide proteclion

efforts, we ore evoluoting hobiht use potterns o[ Surf Scoters (Melonitto

perspicilloto) ond Whit+winged Scoters lMelonitto fusco) in boys of
olternotive bsnthic hobitots in northern Puget Sound. The obility of
Whitewinged Scolers lo consum6 lorger prey likely enobles them to

continue consuming bivolves ond lhus moint6in condition ond Iorego

costly movements when smoller bivolves prefened by bolh species ore

depleted. Alternolively, Surf Scoters oppeor to hove multiple strotegies

to portiolly compensote for saosonol declines in their condition. For

instonce, Surf vs. White-winged Scolers consuma o greoter diversity

of prey ond os winter progresses oltan movs lo eelgross (Zostero sp.)

hobitot where stonding stocks o[ most epifounol prey ore typicolly
greotar relotiye to unvegetoted hobitots. Since the l9Z0s, White-

winged Scoters hove increosed by 3O% ond Surl Scoters hove declined

6y 457" in northern Puget Sound. However, it is uncleor whether

chonges in coostol resources in this region vs. chonges in migrotion ond
breeding oreos hove conlributed lo lhese unique populotion trends.

Estimoting Block Oystercotcher Brecding Populotions
With New Methods ln ond Neor lhe Son Juon lslqnds,
Woshington Stote, Moy ond June 2006
Dovid Nysewonder t, Ruth Milner. Joseph 6renson, fhomos Cyro,
Woslringron Srote Deportment of fish ond Wildlite
Sue lhomos, U. S. FisA ond Wildlife Service

The Block Oystercotcher (Hoemotopus bochmoni) is described os o
"species o[ high concern" in the U.S., Conodion, ond Aloskon shorebird
conseryotion plonl due to the species'smoll populotion size, lhreols

to their hobitot, ond their susceptibiliiy to humon disturbonce. The

morine shorelines of Woshington Stote ond neorby soulhern portions

of British Columbio host o significont residenl populolon of this species.

Although this species is relotively eosy to see, few systemolic surveys

hove been opplied to oll oppropriotre hobitots wilhin o more widespreod
geogrophic oreo inside o limited time frome. Boot$osed surveys were

conducled in ond naor the Son Juon lslonds in Woshington mid-lvloy to

eorly June 2006 during nesting when territoriol defense disploys ore
common. The naw use of ploying recorded colls ollowed for complete

coveroge o[ oreos in less time, wilh more ossuronce of the likelihood

of observolion of oll breeding poirs. Dolo generoted by these surveys

helps monitor other indices of populotion slructure such os nests

incuboted. The totol breeding populotion o[ oystercotchers for the 93
sites thol were censused in 2006, using recorded colls, is estimoled lo
be 108 breeding poirs thot nesled (216 breeding birds on o totol of
68 of the 93 sitesl with possibly up to I l2 non$reeders olso present,

suggesling the totol number of oystercotchers found in this rogion is

likely to foll in the ronge of 25G30Q depending upon the movement ol
the non-breeding component.

lmporlonce oI Coostol Field Hobitots for Greol Blue Heron
ond Associqted Wildlile
Ann Eissinger*, Nofikeelo Northwed Wldlife Servrtes

Coostol grosslonds throughout the Solish Seo serve o vitol hobilot
role for numerous wildlife species including the Greol Blue Heron

lArdeo herodios). Grossdominont lields, wet meodows ond follow
ogriculturol londs provide yeor+ound uplond hobitot. Herons utilize
grosslonds for foroging, loofing ond stoging. Field hobilots horbor on
importont preybose thot include smoll reptiles, omphibions, birds ond
mommols, of which the meodow vole {Microtus lownsendii) is most
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notoble. Hobitot utilizotion by Greot Blue Heron, in ossociotion with
o moior heron colony, wos studied over o oneyeor period. The study
reveoled the heron's primory ossociotion with follow field during the
breeding seoson ond regulor use yeor-round. The study, through weekly
sompling, recorded ond compored the heron's use of four hobitot types

within o I,200 ocre study oreo. Doto collected included: conditions,
timing, locotion, behovior qnd numericol obundonce. Wildlife observed
during the study resulted in 124 species recorded olong with ossocioted
hobitol ond seosonolity. The study wos conducted with the support of
BP Cherry Point Refinery of Bloine, Woshington, in ossociotion with the
Birch Boy Greot Blue Heron Colony Conservotion Progrom.

Western Grebe Populotion Declines in the Stroit of Georgio
B.C. ond Puget Sound WA: Pollerns ond Possible Reosons.
Seon Eoyd *, Environment Conodo (Conodion Wildli{e Service)

Counts conducted by the Conodion Wildlife Service in the Stroit ol
Georgio B.C. {eg, Boynes Sound) suggesl thot Weslern Grebe numbers
hove declined considerobly since the eorly '1980s. 

Counts conducted

oyer much o[ the Stroit of Georgio ond Puget Sound WA during onnuol
Christmos Bird Counts ond oeriol surveys by lhe Woshington Stote

Dept. of Fish ond Wildlife suggest thot Western Grebe numbers hove

declined considerobly since the 1970s, ond especiolly so since the

eorly 1990s. Prior lo 1970, Chrislmos Bird Counts were conducled ot
only 4 locotions in he Shoit o{ Georgio ond Puget Sound (Voncouver,

Victorio, Comox, ond Seottle). Doto from these 4 siles indicote thot
Western Grebes disoppeored completely from this lorge coostol oreo
for obout l0 yeors storting in 1963. This disoppeoronce coincided with

o dromoiic collopse in their preferred prey speciet Pocific Herring. The

collopse in Herring stocks wos opporently coused by on unreguloted
reduction fishery ot the time. After o period of recovery, the obundonce
ond distribution polterns o[ Pocific Herring ore chonging once ogoin
on both sides o{ the Conodo-US border, ond this is hoving o coscoding

effect on Western Grebes. The Skoil of Georgio ond Puget Sound ore ol
the northern edge of their winter ronge ond therefore Western Grebes
ore likely very sensitive to chonges in the oceon environmenf, including

obundonce ond distribution polterns of their preferred prey species. An
onolysis of more recent Christmos Bird Count doto hints lhot Western

Grebes moy simply hove shifted further south, towords Colifornio.

On ond Off-Shore Drivers of Historic Populotion Trend in
Morbled Murrelets
Pefer Arcese*, University of British Coiumbio
Ryon Norni University of Guelph
Dovid Preikshot, University oI Eritish Columbio
Douglos Eerfrom, Environment Conado (Conodion Wildlife Service)
Kun Kysel Queens Universily

We used sloble isotope onolysis of museum specimens to reveol o 107
yr decline in trophic {eeding level ol Morbled Murrelets in the Georgio
Bosin region. ln the lost 40 yrs, diet quoliry wos closely reloted to foroge
fish biomoss ond murrelet obundonce, ollowing us to volidote o simple
populotion model ond bock<osf populotion groMh rote to 1889. We
suggest thot murrelet numbers in the Georgio Bosin were once limited

by the ovoilobility of forest nesting hobitot, but moy now be limited by
feeding conditions ot-seo. We describe o londscopelevol experimentol
monitoring design to lest il voriotion in Eotseo' or €on-shore' hobitot
quolity hos the greotest effect on populotion kend ond suggest thol
conserving lerrestriol ond morine hobitols of this highly secrotive,

threotened seobird will be necessory to insure its persistence in future.

Session llC: Neorshore Hobitot ond Species
Reslorotion
Choir: Doug Myers

Historicol Chonges lo Esluories, Spils, ond Associoted Tidol
Wetlond Hobitots in the Hood Conol qnd Stroit of Juqn De
Fuco Regions oI Woshington Stote
Sleve Todd *, Nick Fitzpotrick, Chris Weller, Point No Point Ireofy
Counci/
Alan Corler Mortimer, Aspecl Consulfing

We used l9th cenlury mops ond contemporory oir pholos to ossess

chonges in tidol wetlond hobitols ossocioied with estuorine ond spit
complexes in the Stroit of Juon de Fuco ond Hood Conol regions. We
ossessed chonges in surfoce oreo ond connectivity of tidol wetlonds

ossocioted with these complexes, ond evoluoted how hobitot-forming
processes hove been oltered by humon intervention.

We identified 250 hobitot complexes ocross the study oreo, ronging

from < I ho to 799 ho in size. Overoll chonges included o 7%

decreose in tidol wetlond hobitot [morsh ond logoon] ossocioted
with the complexes. The numbers of spi/morsh complexes thot
provide surfoce woler connectivily with odiocent woters (i.e., potentiol

occessibility to iuvenile solmon) decreosed [rom 77 lo 65, ond lidol
wetlond hobitot ossocioted with these complexes wos reduced lrom
449 to 351 ho.

Fill resulting from tronsportotion ond residentiol development were
the most common couses of hobitot chonge. Delto progrodotion
hos occurred in severol lorger estuories, the resull of chonnelizotion
ond sedimenlotion from lond use octivities. Complexes were given
o "relotive condition" roting to indicole the level o[ chonges in tidol
wetlond ond hobitot connectivily impoirment. Findings ore helping to
prioritize solmon hobitot conservotion ond locol shoreline plonning.

Remembering our Roots: A Possible Connection Between
Loss o[ Ecologicol Memorp Alien lnvosions ond Ecologicol
Restorotion
Vol Schoefer*, University ol Yictorio

When o community or ecosystem thot once occupied o sile is lost, some

of its properties moy remoin, leoving behind on ecologicol memory.
The soil properties, spores, seedl stem frogmenls, mycorrhizoe, species

composition, populotions ond other remnonts of the previous inhobitonts

moy conkibute lo the estoblishment o[ the replocement community
or ecosystem to vorying degrees, depending upon the extent of the

originol hobibt loss. This ecologicol memory helps o site to restore itself

ofter o disturbonce.

The loss of ecologicol memory where disturbonce hos moved previously

existing conditions beyond o criticol threshold moy enoble foreign
invosive species to become estoblished ond dominote o site. Conversely.
successful invosiye species control moy involve more thon removol of
inyosives ond the subsequently reinhoduction of notive species. A more
holistic opprooch thot re-estoblishes other biotic ond obiotic foctors moy
be necessory in some coses. There is some urgency for {urther reseorch
lo document ond conserve ecologicol memory for [u]ure opplicolion in

ecologicol restorotion.

Juvenile Dungeness Crob Hobirot Study: Obtoining Best
Avoiloble Science through Portnerships & High-Enduronce
Volunteer Power
Stet Frenzl*, Snohomisfi County
Don Velosgue.q, Woshington Depqrtmenl of Fish & Wildlile

Dungeness crob is on importont species acologicolly ond economicolly
in the Puget Sound region. Liltle is known obout iuvenile Dungeness

crob hobitot preferences ond durotion of seHlement olong the neorshore

environment in much of the region. The Woshington Deporlmenl o[
Fish & Wildlife (WDFWI ond the Snohomish Counly Morine Resources



Committee investigoted iwenile Dungeness crob preferences for
hobitol lype ond tide elevotion ot five siies olong the Snohomish

County neorshore environmenl {rom Moy through September 2006.
Additionolly, we investigoted tha durotion o[ settlement ond residence.
Sompling occurred wery hro weeks ol eoch sile. Results indicote
thot iuvenile Dungeness crobs prefer mixed subshotes wilh o sond

component, ond secondorily, vegetoted sond hobitot. We lound no
consistenl settlement pre{erence polterns omong tide elevotions between
the cotegories of hobitot sompled. Juvenile Dungeness crob settlement

occurrad conlinuously throughoul the study period ofter June l4th.
WDFW will use study results to develop rules for Hydroulic Proiect
Approvol opplicotions in Snohomish County. This ombitious effort
wos possible due to qn extensive number of portnerships ond over 70
highly-troined college students ond volunteers. This study con sarv6 os o

model for those interested in developing colloborotions omong vorious
ogancies, orgonizotions, ond instilulions to implement sound, opplied
science.

locotion, Locolion, Loeotion: lnterridol Diversity Grodients
in Puget Sound
Helen Berry', Wosfiing,ton Stote Deportunent oI Noturol Resources

Megon Dethier, Jennifer Ruesink, Universily of Woshington
Eloin Reweg WA Dept of Nolurol Resources

Amy Gloub Sprenger, Universi\ ol Woshington

Effective ossessment ond restorotion of littorol hobitots depends on on
understonding of intertidol biodiversity potlerns ond the processes thot
drive them. Recent sludies show o striking grodient in species richness

on pebblesond beoches olong ihe esiuorine grodient of Pugat Sound.
This poltern is consislenl omong yeors ond exish for both epibiolo ond
infouno. We investigoted the processes behind the pottern, axploring
grodienls in physicol conditions, growth rotes, recruitment, ond eorly
poskecruitmenl mortolity. Although richness ond biomoss of odult
orgonisms ore olmost twice os high ot the morine end of the grodient,

richness ond obundonces o[ new infounol recruits (<l month old)
show no such grodient, even when sediment groin sizss ore controlled.
Protecting bivolve recruits {rom predotors hod minimol eflecls on survivol
over 4 months. Our results suggest thot eorly posl-recruitment mortolity

ol in[ouno drives the richness grodient.

A Conservolion Stroregy for TorboeDobob Boy,
Woshington
Peter Bofils ', Northwesf Wotershed lnslilule

TorboeDobob Boy is one ol the lorgest, high quolity solmorsh estuories

remoining in Puget Sound ond provides importont hobitot for fish,

wildlifu, ond shellfish resources. Portions of the Boy ore protecled by
slole preserves, but the heolth of ihe esluory os o whole is threotenad

by increosing development pressure ond ossocioted rood building,

shoreline ormoring, ond logging olong the steep slopes ond shorelines.

Nodhwest Wolershed lnslilute is working with portners to develop
o comprehensive conservotion strotegy for Torboo-Dobob Boy thot
includes exponsion of the existing Noturol Areo Preserve ond Trust

Lond Tronsfer options to preserve lhe wolershed processes lhot keep the

estuory functionol. ln this presenlotion, I will discuss the scientific ond
politicol considerotions ond our progress lo dote on this conservolion

initiotive.

Morine Neorshore Hobitot Priorities in the Green-
Duwomish Wotershed in Centrol Puget Sound
John Smoll', Poul Scfilenger, Ali Wi&., Ancf,or Environmentol

Jvlie Holl, Seottle Public Uti,nies

Ko/lin Higgins, King County DNRP

This presentotion describes o sciencebosed opprooch {or the

prioritizotion of restorolion ond conservotion opportunifies olong the

morine neorshore of Cenkol Puget Sound. The purpose of the proiect is

to ossist the solmon recovery efforls ond focus resources on orsos thot

con significontly contribute to providing hobitot thot meels the ecologicol

needs o[ iuvenile solmon.

The prioritizotion eflort focused on neorshore processes lhot creole ond
sustoin hobitots. To this end, hobitot conditions were considered on
severol scoles from the site specific level o[ tens o[ feet, to the drift cell

scole of severol miles, to the londscope scole comprising the proiect

oreo's 90 miles o[ shoreline ond beyond.

Th6 proiect oreo is the Puget Sound shoreline of the Green-Duwomish
Wotershed, including Voshon ond Moury lslonds. The proiect oreo
includes Elliott Boy o heovily urbonized shoreline. These urbonized
oreos presenbd o chollenge for identifying restorotion ond conservotion
priorities in this proiect ond in other solmon recovery focused efforh
in the region. A comporison of the conditions in Seottle with those in

Moson County, o less oltered portion of South Puget Sound, where
hobibt restorotion ond conservotion is still needed, but presents diffetent
chollenges.

A completed reslorotion proiect ot Seohurst Pork, locoled south o[
Seoltle, will be described. This restorotion proiect is ond exomple o[ the

type of proiects thol ore needed olong the Puget Sound shoreline.

Ponel llD: Critico! Lood Modelling for
Atmosphcric Dcposirion I
Cfi oir; Peter Schworzhoff

A Criticol Lood is the highest deposition rote thot will not couse chemicol
chonges leoding to long-lerm hormful effects in the most sensitive

ecosystems. The indicolors ond potentiol endpoints [or effects vory with
the intent ond the sensitivity o{ receptors. This session will presenl ospecls
of criticol lood ond deposition modelling ond elfects underwoy in the

Georgio Bosin ol presenl.

Ponel Members:
. Polrick Show
. Shoun Wotmough
. Alyse lMongeon
. Elizobeth Woddell
. Poul Arp

lntroduction to the Criticol Lood Coneepl
Shoun Wotmougfi, Julion Aheme, Trenl Universily

ln recent yeors lhe sonsilivily of lerreshiol ond oquotic ecosyslems to
ocidificotion ond eutrophicolion hove been described in terms of criticol
loods; defined os'o quontitotive estimote of exposure to one or more
pollutonts below which significont hormful effects on sensitive elemenis

of the environment do not occur occording to present knowledge". The

concept hos been widely occepted os o bosis {or the development of oir
pollution conkol strotegies in Europe. The linking ol ecosystem response

to deposition level is he centrol principle o[ the criticol lood opprooch,
with methods ronging from simple semiquonlolive ossessments to
dynomic modelling (used lo ossess the time required to reoch steody
stote). Recently, lhe criticol loods methodology hos been used to ossess

the impocts ol otmospheric deposition of nitrogen ond sulphur io uplond
forests in Eostrern Conodo ond the Proirie Provinces. Criticol loods of
otmosphericolly deposited nihogen ond sulphur ond currently being
developed [or Georgio Bosin ecosystems. This presentolion will provide
on inlroduction to the criticol lood concept ond lhe opplicotion of fie
opprooch to the Georgio Bosin in British Columbio.

Weothering Rotes ond Steody-Stote Crilicol loods for
Forest Plots in the Georgio Bosin
Alyse Mongeon, Julion Aheroe, Slroun Wofmough, Trenl Unfuersity

During June 2004, the Pocific ond Yukon Region of Environment

Cqnodo initioted o reseorch progromme to determine criticol loods
of otmosphericolly deposited nitrogen ond sulphur {or Georgio Bosin

ecosystems, British Columbio. A criticol lood is deftned os "o quontilotive
estimote o[ exposure lo one or more pollulonts below which significont
hormful effecls on sensitive elemenfs of the environment do nol occur
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occording lo present knowledg6". Criticol loods of ocidity ore strongly
dependenl on lhe rote ol releose of bose colions from he soil motrix,
i.e. the soil weothering rote. During summer 2006, soils lrom l9 forest
plols were sompled for minerologicol onolysis. A signiffcont proportion
of the study sites were port of the former Conodion Forest Service (CFS)

Acid Roin Notionol Eorly Worning System (ARNEWS) plot network (ll
plots). Furthermore, o number of the plots were locoted in longJerm

sludy cotchments (UBC reseorch foresl ond Roberts Creek). As such, o

weolth of historic doto exists for mony of lhe study sites. Soil minerology
will be used in coniunction with soil physiochemicol choroclerislics lo
determine lhe weolhering rote for eoch sludy site. These estimotes will
be cenhol in determining the staody-stote crilicol loods of ocidity for the
Iorest soils in the Georgio Bosin.

Estoblishing Criticol loods for Nirrogen ond Sulfur
Deposition in NW Woshington
Elizobefh Woddell NPS

For over o decode, the criticol lood concept hos been on imporlonl
policy tool in Europe ond Conodo. Conodo hos employed combined
mops of criticol lood volues for both oquotic (loke) ond terrestriol

{uplond forest soils) ecosystems in severol ossessments evoluoling how

ocid deposition impocts Conodion ecosyslems - especiolly in the Eosl
(Environment Conodo,2004, RMCC 1990, Environmenl Conodo
1997]..

There hos been growing interesi in using the criticol lood concept in

lhe U. S. ln 2000, the federol lond monogers indicoled their intent to

develop criticol loods. ln 2004, the Notionol Acodemy o[ Science
recommended thot EPA consider criticol loods to prolect ecosystems.

ln 2006, EPA provided thot stotes could usa crilicol loods in lieu o[
increments. ln Moy 2006, Rocky Mountoin Notionol Pork estoblished o
criticol lood lor eutrophicotion effects to olpine lokes.

ln September 2006, the Northwest Cleon Air Agency sponsored o

nilrogen ond sulfur deposition crilicol loods science workshop cohosted
by lhe Notionol Pork Service, U. S. Forest Service, ond U. S. Geologicol
Survey to ossess the quolity of existing doto ond the odditionol doto
needed lor estoblishing criticol loods in NW Woshington (Pugel

Sound oirshed). Six high priorily res€orch efforts were identified ot lhot
workshop oddressing both ierrestriol ond oquotic ecosystem affecls.

This presentotion will discuss the results of thot meeting ond the progress

thot hos been mode since thot meeting.

Fromework for HighResolution Modeling ond Mopping of
Criticiol S ond Loods ond Exceedonce
Paul Arp, Foculty o[ Foresty ond Env. Monogemenl

An opprooch will be presented for mopping criticol S ond N lood
(Ct) ond exceedonces of foresl soils within the Georgio Bosin, bosed
on on uplon*wedond delineotion ol high resolution (10 m). This

delineotion is cruciol for trocking diffurences in rcil N chemishy os

offected by soil droinoge: uplond soils ore sensitive to N-induced
ocidificotion when: otmospheric N2 is fixed ond nitriffed (os in red

older stonds), incoming NHy'-N is olso nikified, ond port or oll of the
incoming ond soilproduced NO3-N is not token up by the vegetotion.
ln poorly to portiolly droined soils. port o[ the incoming NO3.N is de-

nitrified, thereby cousing on increose in criticol N ond S+N loods for
wetlond soils. The opprooch uses these doto loyers: digitol elevotion,
otmospheric S, N, Co, Mg, K deposition grids, climote grid for oir
temperoture ond precipilolion, foresl site clossificotion, soil mop, ond
forest inventory doio. The lofler is used to quontify nutrient demonds
in reference io primory nutrienl supplies, originoting from otmospheric
daposition ond soilweothering. Nulrient demonds refer to nutrienls losl
due to lorest horvesting ond fires. These con be derived ftom expected
meon onnuol forest biomoss incremenls, by dominont species lype,
per mop unit. This opprooch deols with steody-stote ond dynomic CL

ossessments, with the lotter needed to deol with oscertoining bosecolion
depletion rotes in response to octuol ond proiected S ond N emission

ond deposition iorgets.

Session I I E: Ioxics in Bioto I
Choir; Peler Ross

Environmentol Biomorkers using Mussels.
Suson Eoldwin ", Paul von Poppelen, Annelle Mvttroy, Ekoterino
Vossilenko, University ol Brittsh Columhio

Biomorkers give us on eosily meosuroble woy to deduce informotion

obout complex biologicol processes ossocioted with the heolth of on
individuol or the presence of o diseose. In environmenlol monitoring,
they ore used os port o[ o collection o[ tests to predict environmentolly-
induced diseoses ond domoge to ecosystems. As indicotors of
environmentol quolity, bivolve mollusks, such os Mflus spp., ore often
used os sentinel orgonisms. Mony so colled "mussel wohh" progroms

ore in ploce ocross North Americo to hock temporol chonges in

contominont body burdens ond populotion heolth. Recent developmenls
in genomics ond proleomics hove provided more occessible tools for
including moleculor biomorkers in the suite of tesls used to ossess the
physiologicol conditions ond heolth of mussels used in mussel wotch
progroms. ln this tolk, we will outline our opprooch to the development
of geneiic biomorkers lor environmentol monitoring. We will discuss the

desired ottributes of on environmentol biomorker ond the chollenges

ond pitlolls thot need to be overcome. ln our loborotory, we ora
developing genetic biomorkers lor o leukemiolike diseose (hoemic

neoplosio) lhot is o nonlelhol endpoint monitored ol some locotions.
Exomples o[ chollenges thot we hove foced ond woys thot ore proposed

lo overcome lhese will be given.

Currenl-Use Pesticides ond Solmon Neurophysiology:
lmplicotions for Sqlmon in British Columbio
Keith Tierney" , Simon Froser University
Pefer Ross, fisheries ond Oceons Conodo
 4ork Sekels, Environmenl Conodo
C6ris Kennedy, Simon Froser Universify

Solmonids, including coho lOncorhynchus kisutcA) ond sockeye (O.

nerko) spp., utilize mony oreos odiocent to urbon ond ogricuhurol
oclivities for spowning ond eorly life history sloges. Recent declines
in lhe obundonce ol cerloin slocks, ond olterotions in fte migrolory
potterns of others, triggered concerns regording the possible impoas
o[ woterborne conlominonts such os currenfuse pesticides on the
neurologicol systems of these fish. ln this lolk we will provide pesticide

concentrotions inJield oround lhe province o[ B.C., ond then relote these

to known sublethol neurophysiologic effects. For exomple, otrozine hos

been detected in urbon (Scott Cr.) ond rurol (Nothon Cr.) streoms, ond
hos been shown to decreose olloctory neuron responses within minutes

ol exposure. Exposure hos olso been ossocioted with decreosing
olfoctory-medioted ottroction lo fie omino ocid L-histidine. Similorly, the
insecticide chlorpyrifos wos found in lhe some streoml ond hos been
shown to differentiolly impoir bolh ropid occelerotion ond sustoined
swimming performonce. By linking physiologicol ond behoviourol
endpoints, ond comporing odverse effects levels lo concenlrolions
meqsured in BC solmon streoms, we ore ottempting to prwide monogers
ond regulotors with o relevont risk ossessment plotform.

Conlominonls ond Associoted Tronscriptionol Responses
in Fish from Remote High Elevotion Lokes oI Western
Woshington, USA
Potrick Moron", Roberf Block US Geologicol Survey
Neelotonleswor Aluru, Mothilokoth Yiioyon, Unwercity ol Woterloo

The consistent cold t6mperotures ond lorge omount of precipitolion in

the Olympic ond Coscode ronges of Woshington Stote ore thought
lo increose otmospheric deposition of contominonts in these high
elavotion locolions. Toicl mercury ond 28 orgonochlorine compounds
were meosured in composile, whole ftsh somples collected from
ly' remote lokes in the Olympic, Mt. Roiner, ond North Coscodes
Notionol Po*s. Mercury wos detected in fish from oll lokes sompled
ond ronged in concenholion fron 17 lo 262 pg/kg wet weight. Only



two orgonochlorines, lotol polychlorinoted biphenyls (tPCB) ond
dichlorodiphenyldichloroelhylene {DDE), were detected in fish tissues

(concenlrotions <251tg/kg wet weight). No orgonochlorines were
detected in sediments (MRL =1-5 pg/kgl, while medion totol ond
methyl mercury in sedimenls were 3O.r' ond 0.3/ pgrzkg (dry weightl,
respectively. Using o torgeted roinbow hout cDNA microorroy with
known genes, we delected significont differences in liver tronscriptionol
responses, including metobolic, endocrine, ond immunareloled genes,
in fi:h collected from o contominoted loke compored to o loke with o
lower conlominont lood. Overoll, our results suggest thot locol urbon

oreos ore contribuling to the observed conlominont potterns, while the

lronscriptionol chonges point lo o biologicol response ossocioled wilh
exposure to these contominonts in fish. Specificolly, the gene expression
potlern leods us to hypothesize o role for mercury in disrupting the

metobolic ond reproducfive pothwoys in ffsh from high elevotion lokes in

weslern Woshington.

lmproved Flotfish Heolth Following Rcmediotion of o PAH-
Contominoted Site in Eogle Horbor, Woshington
Mork Myers*, Bernodito Anulocion, Eorboro French, Wllion Reiched,

Cothy LoeE, Jon Buzitis, Seon Sol, O. Poul Olson, Irocy Collier, NOAA
fishen'es, Noahwesl Frslrerres Science Center

Eogle Horbor in Puget Sound become o Superfund site in 1987 due
to high s€diment concenlrotions o[ polycyclic oromotic hydrocorbons
(PAHs) releosed chronicolly hom o neorby creosoting focility. Eorly

studies with English sole from fiis site (1983-86) demonstroted high
pre,volences (up to -807d of toxicopothic liver lesionl including
neoplosms, These lesions hove been slrongly ond consistently

ossocioted with PAH exposure in muhiple field studies, ond hove been
induced in the loborotory injections o[ o PAH+ich hoction exhocted
from Eogle Horbor sediment- Further studies (1986-88) incorporoted
biochemicol biomorkers of PAH exposure ond effuct, including hepotic

CYPl A expression, biliory fluorescenl oromolic compounds (FACs),

ond DNA odducts in liyer. Prior to site remediotion, hepotic lesion
prevolences ond biomorker volues in lhese species from Eogle Horbor
were omong the highest in Puget Sound. ln 1993 ond 1994, o
primory cop of cleon sediment wos ploced over 54 ocres o[ the mosl

contominoted portions o[ Eogle Horbor, with o secondory cop odded
between November 2000 ond Februory 2002, in order lo sequesler
PAH<ontominoted sediments. Lesion prevolences ond biomorker
volues iust belore copping were reduced compored to historicol doto,
consistent with closure of fie creosoting focility closure in 1988, ond
subsequent shorebosed source conlrols. Dolo on liver lesion risk,

hepotic CYPIA, ond biliory FACs from fish collected immediotely ofter
ond ot regulor intervols up lo -2 yeors olter primory sediment copping
were highly vorioble relotive to pre<opping voluas. However, ovar

the entire monitoring period Iup to 142 mon]hs) sincs cop initiotion,

but porticulorly ofter -3 yeors, there wos on overoll, significonlly
decreosing trand in risk for hepotic lesions in English sole, ond for biliory
FACs ond hepotic DNA odducts. In porticulor, lhe risk of hepotic lasion

occurrence in English sola hos been consisten y low (> 0.20) compored

to lesion risk ot cop initiotion ( 1.0), from -4 yeors oftar sedimenl cop
plocement through April 2005. These resulh show thot the sedimenl

copping process hos been effactive in omolioroting PAH exposure

ond ossocioted biologicol effects in residenl fo{ish species, ond thot

longer ierm monitoring of pollutont rosponses in biologicol resources.

such os resident ftsh, is necessory ond for superior lro monitoring o[ only
sediment contominonls in order to demonstrots the efffcocy of this type

of conlominont rem6diotion.

Contqminonts in Pociftc solmon lOncorhynchus sppl3 the
imporlonce of fish biology in ossessing source! from the
Pociftc Oceon versus r€gionol sources from coostol wohrs
oI Puget Sound ond the Georgio
Sondro O'Neill*, West Jomes, Woshington Stote Deporrmen, of Fish

ond Wldlife

Gino Yliro,o, NOAA Fisheries

Contominonts levels in Pocific solmon ond other fishes depend on
where they live ond whol they eot. However, predicting contominont
levels in solmon is porticulorly difficult becouse of their complex
life histories. Our ongoing monitoring ond reseorch sludies hove

documented generol occumulotion potterns thot ore tightly linked to

fie fishes'biology. Although solmon moy be exposed to contominonts
in freshwoter ond estuorine hobitots, we documented lhot most POPs

ore occumuloted in morine hobitots where most ol their growlh occurs.

Obssrved conlominont levels in pink, chum ond sockeye were lower
thon chinook ond coho, reflecting differences in morine distribufion ond
diet omong species. Pink, chum, ond sockeye solmon feed ond grow
primorily in oceonic wot6rs, ot graot disionces lrom coostol pollution
sources, whereos Chinook ond coho spend more time in coostol woters

olong fie conlinentol shelf where they ore exposed lo coosiol pollulion

sources. We olso observed regionol voriolion in conlominonl levels in

Chinook populotions lhol oppeors to be ossocioled wilh differences
in lheir morine distribulion. PCBs ond PBDEs ler,vels were highe$ in
Chinook solmon thot resided in Pugel Sound, followed by Puget Sound
populotions believed to be more oceon+eored, ond were lowesl in

populotions distonl from urbon oreos.

Session I I F: Educorion Outreoch ond Cilizen
lnvolvemenl
Choir: Mory Knocksledt

Developing o Comprehensive Su#oce Wcrler Educolion
Plon for o Rurol County
Poi Peorson', Wosfiinglon Store University Jefferson County Exlension

WSU Jef{erson County Extension designed o comprehensive
Surfqce Woter Educotion Plon for the Jefferson County Surfoce
Woter Monogement Plon. Successful surfoce woter ond storm

woter monogement ore criticol to protecling woter quolity. Success

o[ o monogement plon depends upon the public understonding the
imporlonce of woter quolity ond noturol processes ond be willing to
support oclivities ond behoviors thot protect the environment. WSLJ

odministered on iniliol community suryey lo ossess community oworeness
ond needs, designed o county-wide compoign tilled "Woter Motters",
ond developed new surfoce woler educotion progroms to reoch

torgeted oudiences ond the generol public. Wotershed educotion
newspoper inserls were distributed to 20,000 residents. A new progrom

titled "Welcome to Your Wotershed" wos creoted to reoch new home

ond property ownors lhrough portnerships with locol reoltors ond county
deportments. We creoted o folder wih locol informotion on wotershed
processes, onswers to wotey'on.site seplic/ building reloted issues, ond

o list of 'Who Con Help' contocts thot we distribute through reoltors

ond permitling deporlments. The "Green Gordening Nursery Proiecl"
provides gorden nursery stofls ond customers with up to dote hondouts,
hoinings, ond workshops on fertilizer ond pesticide reduction ond
nolurol lown core.

Booting Cleon ond Green on Georgio Stroit
Mike Richords *, Georgio Stroit Allionce

With olmost holf o million recreotionol vessels plying lhe woters of
Georgio Shoit, o number lhot is increosing every yeor, there ore mony

reol ond potenfiol impocts from booting octivities on this precious

environmenl. Georgio Stroit Allionce (GSA) Iounched the Green
Booting Progrom in 2000 to oddress ihe issues o[ recreotionol booting
in Georgio Stroit through o prooctive educotionol process. During this

time, GSA hos visited olmosl every morino oround the Skoit o[ Georgio,
meeting with boolers ond morino sloff ond corrying out educotion on
environmentolly sound booting proctices. The progrom - centred on
the populor "Guide to Green Booting" - hos olso provided signoge

ond numerous presenlotions to morinos, booting clubs, government

ogencies ond olher orgonizotions. We hove disributed over 50,0O0
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guides throughout this region ond beyond, ond it is used regulorly in

mony booting educotion courses. ln 2004, the progrom wos exponded
to help reduce hydrocorbons in our horbours. We hove distributed over
14,000 fuel ond oil obsorbent pods in the Copitol Regionol Dishict of
Victorio, the Nonoimo oreo, with exponsion into lhe Lower Moinlond.
With excellent educotionol tools, experienced stoff ond o colloborotive
opprooch, this notionol oword-winning progrom hos proven to be
successful beyond expectotions. This presentotion focuses on lhe

progrom, its gools, the quolitotive ond quontitotive indicotors o[ succoss

ond the ingredients thot hove kept il sustoinoble.

Noture Mollers - A Cit/s Commitment to Environmenlol
Stewordship
Corrie Boron*, Lonny Englund, Cirl of Surrey

As the City of Surrey hos evolved over lhe yeors, so hos its

environmenlol stewordship ond communily oworeness initiolives os

demonstroted by the Notura Motters progrom. The Progrom obiectives

include:

Protecting ond enhoncing our environment

Educoling ond engoging residenls in environmentol issues

lncreosing youth involvemant through stewordship octivities

Encouroging volunleerism in the community

Working with teochers ond sludenls to provide environmentol

educotion opporlunities

To ochieve these initiotives, stolf hos enhonced existing ond developed
new progroms. Environmenlol progroms such os SHoRP, SNAP, Releof,

Environmentol Extrovogonzo, ond Eco Rongers ore but o few of the

initiotives thot hove evolved in fie lost l0 yeors. Key highlights include:

Yeorly environmenhl events, which bring more thon 20,000 residents,

businesses ond students together.
350 studenls working in noturol oreos through lhe SHoRP ond SNAP

progroms

Working with our ogriculturol communily on environmentol issues (ony

numbers?l
Contocting over 1600 business on pollution prevenlion proctices

Tens o[ thousond ol trees, shrubs ond wellond plonh instolled to

enhonce hobitot

The obove progroms demonstrole thot'Nolure does Motter" to
the residents of Surrey. With dedicoted funding, ond o long-lerm

commitment, lhese initiolives con moke o difference in o community.

The Power of Worershed Educotion Networks
Robert Simmons 

*, Emily Sonlord, Woshington Stqte University Extension

ln the communities of the Puget Sound Georgio Bosin there ore

numerous orgonizolions providing environmenlol educotion to meel their

own specific objectives. ln some regions of the bosin, environmentol

educotion networks hove been estoblished ond ore ruccessfully
increosing the elfectiveness of environmentol educolion efforts. ln o

2006 survey of environmenlol educolors, conducted by lhe Pugel

Sound Action Teom, it wos found thot increosed coordinotion ond

colloborotion belween orgonizotions is strongly desired in oreos where

networks do nol currently exist.

These formolized networks generolly hove porticipotion from nongrolit
orgonizotions, governm6nt ogencies, school leochers ond businesses.

Networks hove provided colloborotion ond coordinqtion omongst

lhe diverse groups providing oulreoch. Gools of these network gools

|picolly include:

- Preventing duplicotion

- Providing consistenl messoges to the public

- Fostering colloborotive efforts

- Ensuring thot key oudiences ore reoched

- Educoting members on specific issues or educolion strotegies

- Providing msoningful evoluolion of progroms

- lncreosing rosponsiveness to emerging issues

Further development o[ such networks is considered cruciol in efforts to

best protecl ond monoge Puget Sound. This presenlotion will discuss the

operoting models used by four of the more estoblished networks, os well

os their strenglhs, occomplishments ond greotest chollenges.

Successes of the Swinomish Environmenlol Educotion
Progrom: Video Series
Koio Smith ", Swioornisfr lndion Tribol Commvnity

This presentotion will discuss the Swinomish lndion Tribol Community's

Environmentol Educotion Progrom ond provide exomples of culturolly

oppropriote environmentol educotion ond oulreoch oclivities enocted

by the Progrom, both within ond outside the Swinomish community.
The Swinomish Environmentol Educotor, Ms. Smith, works with qll

oges, lrom toddlors to elders, employing Notive volues to inform locol
communities obout the importonce of prolecting the locol ecosystems.

Through o series of video shoris, this presenlotion will highlight Ms.

Smith's work with Swinomish youth in roising environmentol oworensss

vio honds-on leorning proiects ond interociiye tools such os Toxino-Box
ond Enviroscope. The themes cover leod oworeness, recycling, ond

environmenlol oworeness. The short films ore funded in port by U.S.

EPA gronts #R-829467 ond PH-92099101.

Session l2A: Hypoxio Beyond Hood Conol
Cfroir; Skip Alberhon

lnterim Resuhs lrom the Budd lnlet, Copitol [oke, ond
Deschutes River Dissolved Oxygen and Nulrient Study
Mindy Roberts ", Greg Pelletier, Woshinglon Stotre Deporrmenf of
Fcology

Budd lnlet ond the Deschutes River do nol meet the wolar quolity
stondords for dissolved orygen. An ongoing study included

supplementol doio collection ond model development lo simulote

nutrient dynomics in the Deschutes River, Copitol Loke, ond Budd lnlet.

Nilrogen concentrolions incrsose in o downslreom direction within
the Deschutes River, due to noturol ond onthropogenic sources. The

shollow woters ond limited circulotion ol Copitol Loke enhonce primory

productiyity, ond olgoe blooms produce supersoluroted oxygen
conditions while decreosing dissolved nutrienl concentrotions during the
growing seoson. A threeJimansionol hydrodynomic ond woter quolity
model of Budd lnlet ond Copitol Loke will simulote future conditions to
quontily the nulrient lood reductions nscessory wilhin the Budd lnlet

wotershed to most the woter quolity stondords in both morine ond
[reshwoter.

Circulotion ond Residuol Flow in the South Bosin of Puget
Sound
Slip Alberhon *, Julio Bos, Greg Pelletier, indy Roberh. Woshinglon
Stofe Deportmenl o[ Ecology
The south bosin of Puget Sound is o complex ond interconnecled

system of slroits, open reoches, ond flord{ike boys. All the woter
contoined within is forced to exchonge with the moin bosin of Puget

Sound over o sill ond through Tocomo Norrows. Within the south

bosin estuorine circulotion con be normol (saoword ol the surfoce,

londword ot depthl, irwerse {the opposite), ond even sidewoys (in

on one shore, out on the olher), which is due lo the inleroction of ih
complex morphology with processes such os seosonol voriotions in

river flows, snowmelt, ond 6voporolion. The true overoll flushing time

bosed on the tidolly-overoged residuol fow is obout two months rother

then one week os estimoted by o simple tidol prism method, which hos

importont romificotions {or woter quolity. Locotions closer lo lhe Tocomo

Norrows llush foster ond those lurther from the Norrows flush slower

lhon overoge. Slorting ot Tocomo Norrows where it is greotly reducad
(1,500 m3/s); the residuol circulotion reoches o moximum in lhe
Nisquolly Reoch (oround 15,000 m3/s) ond then groduolly ottenuotes
olong the moin chonnel of Cose lnlet. Flow in the finger inlets ohernote

between on "H" potlern (Ebbesmeyer, 1998) with residuol flow splitting



oround Hope ond liurtslene lslonds ond o counterclockwise "O"
pottern wilh llow mos y out through Dono Possoge, Vorlobility in this

llow pottem hos offucts neor-bottom dissolved orygen polterns in the
bosin.

Dissolved Oxygen Voriobility in Puget Sound, Woshington,
os Diognosed from q Box Model Trocer
Amondo 8obson", /vlihuhiro Kowose, Jon Newion, Al Danol, Un'versity
of Wosfringtrcn

Monthly dissolved oxygen {DO) profiles ore used in coniunction
with o box model of Puget Sound circulotion to diognose the relotive
imporlonce in lhe seosonol DO budget of odvection ond mixing versus

biologicol produciion ond consumplion, ond oir-seo exchonge. DO is
o biologicolly imporlont woter property with high concentrolions much

of the yeor in most of Puget Sound. but severol oreos li.e. Hood Conol)
ore susceptible to seosonol hypoxio. Efforts to exploin recenl increoses

in the exlent ond durolion of low oxygen evenls in Hood Conol highlight
the importonce of being oble to seporole chonges in circulofion from
chonges in biologicol productivity. This method shows lorge seosonol
ond inter.bosin differences in both components. ln the typicol seosonol
cycle, the lowest DO which is found in deep southern Hood Conol is

shown lo be more due to weok verlicol mixing ond odveclion of low
DO woter from northern Hood Conol where consumption is high in
the spring, thon due to especiolly high rote of locol consumption. With
ils lorger volume, more tolol consumption occurs in southern Hood
Conol. An experiment on the mognilude of inleronnuol voriobility in

DO concentrolions due lo circuloiion occounls [or ot leost holf of the

voriobility in the DO dotoset.

Session l2B: Illorine Biotq: lnverlebrotes ond
illommqlr
Choi: Lindo Lysholl

Spotiol Subsidy of Drift Kelp Sustoins Deep Subtidol Rcd
Urchins: lmplicotions for the Monogement Of on Exploited
Species
Kevin Brit on-Simmons *, Gerord Foley, Doniel Okonoto, fridoy Horbor
loborulories
Elizabeth Bloczynski, Wesiem Woshingron University

The red seo urchin Strongylocentrolus froncisconus ploys o key role in

slrucluring subtidol morine communilies ond hos substontiol economic
importonce os o commerciolly horvested species. Although the verticol
distribution of red urchins extends to depths of more thon 100 m most

o[ whot we know obout the ecology of this species comes from studies

in the shollow subtidol. We corried out o comporotive study to oddress
two primory questions: I ) Whot is the diet of deep subtidol red urchins

in the Son Juon lslonds?, 2) ls there o reproductive cost to using deep
hobitots (due to food limitotion) in this region? We studied red urchins

in shollow, olgol dominoted hobitots (.5 m) ond deep, invertebrote

dominored hobitols (-23 m) ot 5 sifes in lhe Son Juon lslonds for one
yeor. Our results indicote thot deep subtidol red urchins feed exclusively
on drilt olgoe, o resource thot is seosonolly vorioble. Our onolysis

ol gonod moss, ond numerous morphometric chorocters indicote lhot
deep subtidol red urchins ore not foo&limited ond do not hove reduced
fecundiry controry to our expoclotions. Our results suggest lhot lhe

deep subtidol is o high quolity hobitot for rad urchins ond thot deep
populotions moy conkibule sub$ontiolly lo fie pool of lorvoe thot

replenishes deep ond shollow hobitots oli[e. Deep subtidol hobitots
could be on imporlont refugio from horvesting ond moy ploy o kay role
in sustoining the red urchin lishery in tha long-term.

Octopuses lEnteroctopus dofleinif Need Cues for Leorning
Rolond Anderson *, Seoitie Aguorium
Jenniier Mother, University of Lethbridge

Previous reseorchers (tiorito, von Plonlo, & Scotto, 1990) were unoble

lo prove thot o common octopus (Octopus vulgoris) con leorn to open
o ior in order to obloin crusloceon prey inside, olthough numerous

public oquoriums uss fiis situotion os enrichment for giont Pocific

octopuses (Enteroclopus do{leini}. We sludied presenting lood in

bottles to oclopuses lE. dofleinil under o ossortment ol condilions with
o voriety of cues obout the live crustoceon prey inside: 1)visuol only
(closed jor), 2) block ior (no visuol cues), 3) minimol chemicol cues
(ior with holesl, or 4) moximol cues (ior smeored on lhe outside with
mucus from herring, o common food for coptive giont Poci{ic octopuses}.
Enleroctopus dofleini seldom unscrewed lhe ior lid within the 60-minute
time limilin lhe first throe condi ons (meon l/10 triols in Condition One,
2.5/1O in Condition Two, 2.0 in Condition Three) bui did so in 9.5/10
o[ Condition Three. Over the live doys of presentolion, octopuses in

Condition Four signilicontly improved their lolency lo open the ior, from

o meon o[ 4] minules in Doy One lo l5 minutes in Doy Three. Thus

octopuses con leorn to open iors if oppropriote non.visuol cues ore
ovoiloble when the ior is out o[ sight under the orm web.

Diet of Horbor Seols in the Son Juon lslond Archipelogo
Monique M. lonce *, Sieven J- Jeffries, Woshington Strote Deportment
of Fish ond Wildlih
Horbor seols ore on importont upper lrophic level predotor ond the
mosl obundont pinniped in the inlond woters o[ Woshington wilh neorly
15,000 onimols. ln the Son Juon lslond orchipelogo, horbor seols ore
the most commonly seen pinniped ond use over 150 houlout sites. This

study provides boseline dolo ond uses perconl frequency o[ occurrence
of prey species identified in fecol somples to describe overoll diet o[
horbor seols. Horbor seols fed moinly on pelogic fishes including Pocific

herring (occurring in 57% of somples), odult solmonids (31%), Godids

124"/"1, Pocihc sond lonce (20%l ond Northern onchovy (19%)- Diet
differed omong seosons with Godids, herring ond sond lonce importont
during spring, oduh solmonids ond herring during summey'foll ond
herring, onchovy, Godids, sond lonce ond Spiny doglish during winter.
Meon number of dillerent prey species dilfered omong seosons with
winter diet most diverse, 3.59 different prey species ond summefoll
ond spring less so l.Z2 ond 2.14, respectively. ln generol, species

composilion wos comporoble to fish obundonce bosed on bottom trowl
doto ond solmon return obundonce timing. We suggesl these doto
ore on imporlont componenl for ossessing how predotor populofions,

specificolly horbor seols, moy impoct declining ftsh populotions ond
overoll biodiversity in the Son Juon lslonds.

Stotus of Pinnipeds in the Georgio Bosin Pugct Sound
Region
Pefer Olesiuk*, Fisheries ond Oceons Conodo, Poc,fic giologicol Stotion
Steven Jeffries, Woshrngton Deportmenl Fish ond Wildlile

We review the stotus o[ pinnipeds in the Georgio Bosin Puget Sound
Region (GBPSR) bosed on oeriol surveys conducted since the 1970s,
ond count ond kill records doting bock to the eorly 1900s. Horbour
seols ore the only pinniped thot reside yeor*ound ond breed in GBPSR.

Seol populoiions increosed obout l0{old between the eorly-l9ZOs
ond mid-I990s, but hove been relotively stoble for the post decode.
Currently, obout 52,000 horbour seols ore distributed omong 650
houlout sites throughout GBPSR. Steller ond Colifornio seo lions utilize
GBPSR seosonolly during the non-breeding period. Bolh species were
uncommon prior b the 1920s. Steller seo lions numbers hove slowly
increosed, wifi rocent counls ronging from 500.1,500. Colifornio
seo lions hove extended their non-breeding ronge northword, ond
moles begon oppeoring in GBPSR in the '1960s. 

Numbers increosed
dromoticolly during the 1970s, wilh counts fluctuoting lrom 1,000-
2,500 since the 1980s. Bolh species of seo lion ore highly mobile, with
distribution reflecting the ovoilobllity of prey. Elephont seols breed off
Colilornio ond ganarolly [oroge offshore, but the species is occosionolly
sighted in GBPSR, ond in recent yeors hove estoblished smoll colonies
ol severol sites in the Slroit of Juon de Fuco. The recont increoses in
pinniped obundonce in GBPSR reflect the recovery of populotions olong
the wesl coost ol North Americo, which hod baen depleted by hunting
ond predotor control prior to being protected in the eorly 1970s.
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Ponel l2C: Coostol Wqtershed ond Necr Shore
Syslems lnlegrotion
Choir: Sfepfien W. Golewski

This is o speciol technicol session dasigned to look ol where we hove
come in the science ond technology community in reolizing the gool of
fully integroted syslems models ond tools thot comprehend meteorology,

wotershed, groundwoter, ond estuorine/morine systems. The technicol

session will be led off by technicol briefings on the "stotaokhe-ort" for o
number of subiects, followed by o ponel thot explores the need for ond
the chollenges of systems integrotion.

Ponel Members:
. Terry Willioms, Tulolip Trhes
. Andreo Copping, Eottelle Pocilic Nor#rwest Nolionol Loborolory
. Peter Besl City of Eoinbridge
. Torong Khonguonkor, Bottelle Pocific Northwest Notionol

Loborotory
. Rondy Schumon, King County
. Tony lngersoll, Noall Olympic Penrnsulo RC P

Ponel l2D: Criticol lood Modelling for
Almospheric Deporition ll
Choir : Pele r Schwo r zh ot{

A Criticol Lood is the highest deposition rote thot will not couse chemicol

chonges leoding to long-term hormful effects in the most sensitive

ecosysfems. The indicotors ond polenliol endpoints for eflecis vory with
the intent ond the sensitivity o{ receplors- This session will presenl ospects

of criticol lood ond deposition modelling ond effecis underwoy in the

Georgio Bosin ot present.

Ponel Members:
. Julion Aherne, Trenl University
. Anliong Zhong, University ol Britrsh Columbio
. Robert Hudsoo Brifiih Columbio Aiinistry of Forests ond Ronge
. Gordon Weetmon, University of British Columbio

Modelling rhe lmpocts of Acid Deposition on Apline Lokes
Julion Ahernq Trenl Univercity

High elevotion lokes situoted olong the coostline of British Columbio
ore considered to experience limited exposure to honsboundory oir
pollution due to $e predominont south-westerly or westsrly oirflow.
However, olthough for from locol sources of pollution, thesa lokes ore
nonathaless threotened by lhe otmospheric doposilion of pollutonts
(ocidity ond toxic oir pollulonts) ond by climote chonge. They ore
especiolly sensitive to ocidificotion owing to the poor buffuring
copocities o[ soil ond rocks in their cotchments; similorly thoir cotchmenls

hove little soil ond vegetolion to ioke up nitrcgen deposition from the

otmosphere; ond they ore predicted to experience signiftcont climote

chonge. Becouse of their sensitivity, lh6se remote lokes ore not only
vulneroble lo environmentol chonge, but ore olso excellenf sensors

of chonge; however, few studies hovs been corried out on these

remole cooslol lokes. During 2005 ond 2006, woter chemisky wos

sompled from o number of high elevotion olpine lokes in the Georgio
Bosin ronging in elevotion between 1000 ond ir'00 m; soils somples

were olso collected during 2006 (two pih per cotchmenl sompled by

horizon). These doto hove been used in coniunction with the Model
of Acidificqtion of Groundwoler in Cotchments (MAGIC) to ossess the
potentiol future ond historic impocts of ocid deposition on these remote

olpine lokes.

Choining The FORECAST ond MAGIC Models to Eslimote
Criticol loods of Nitrogen for Forest Ecosystems in lhe
Georgio Bosin
Anliong Zhong, University o( Brilish Columbio
Julion Aherne, Trent Universily

Homis} Kimmins, Universify of British Co/umbio

As forest ecosystems in lhe Georgio Bosin ore more diversified ond

complicoted in struclu16, [unclions, ond disturbonce history thon those

in the eost of Conodo, we used bolh MAGIC model ond FORECAST

ecologicol model lo eslimote crilicol loods of nitrogen in this study. We
exomined lhe strengths ond limitotions of the two models in order to
link the two models lor o better simulolion of nitrogen criticol loods. We
found thot the limitotions of MAGIC model con be compensoted by
the skengths of tORECAST, ond vise verse. Three moior componenls
or processss in MAGIC model were identified for choining MAGIC
with FORECAST: (1 ) Cotions in biomoss. Plont biomoss, nutrienl

concenlrolions ond contents in biomoss components wer stond oge on

different siles ore simuloted by FORECAST, lhen converted to'cofions
in biomoss'. (2) Nitrogen net uptoke by plont. The vorioble is simuloted

by FORECAST, ond then used in MAGIC modeling. (3)orgonic motler

decomposilion. The process is well represented in FORECAST model,

ond its simulotion results provide decomposition ond minerolizotion doto
required in MAGIC modeling. Choining the two models would increqse
occurocy for nitrogen criticol lood simulotion becouse FORECAST

modeling provides befter input doto for MAGIC modeling under yorying

nolurol dislurbonces ond monogemenl scenorios, such os levels o[ {orest

horvest ond lorest fire hordly or implicitly represented in the MAGIC
modeling.

The Extreme Response of Streomf,ow ond Nitrote
Concentrolions lo Portiol Logging ot Flume Creek, Sunshine
Coost, BC.
Robert Hudsoo Brinsh Columbio M,oisrry of Forests ond Ronge

The effects of non<leor<ut logging on woler quolity ond quontity were

studied in smoll creeks ot Flume Creek, Sunshine Coost, BC from 1994

- 2003. The two treolments chosen were dispersed retenlion [o.k.o.
vorioble retention, or VR) ond skip retention wilh 50% conopy removol,

both opplied over 50% of lhe cotchment in stoges thot split tha horvest

over two yeors. Streomflow wos meosured by V.notch weirs ond somples

for woter chemistry onolysis were collected by outomotic sompler on
o storm-by-slorm bosis. A poired stotion poired evenl opprooch of
lreotmenl vs control wos used to delect increoses in peok streomllow
ond peok nitrote concentrotion following horvesting. Peok fows were
increosed up to 130% loveroge increose omong oflecled events) under
VR treotment. There wos o lineor relolonship betvveen the proportion
of the conopy removed ond the fow increose omong offected anents.

On the overoge, peok nitrote concentrolions increosed by l0X ond
individuol evenls os much os 6lX the pre,treotmenf concentrolion for

the strip retention treotmenl in $e second ond third yeors following
logging. Under the VR treotment, despite being more inlense, the nihote
increoses wsre less thon holf of those observed under slrip relention.

These exlreme responses b loresl horvesting ore cleor indicotors of o
high level of wotershed sensitivity, The unaxpected difference in nitrote

response between the two treolment wolersheds is curren y under
inyestigotion.

The Relevonce of the Experience with Forest Nitrogen
Fertilizotion ro Criticql N loods
Gordon Weetmon, Universir/ of Bririsl Columbio

At currenl low rotes of N inpul (2 to 6 kg N,/ho/yrl in the Georgio Stroit
present {oresled ecosyslems it oppeors thol no significont detrimenlol
effecis on ecosystrem functions con be expected becouse of the obility o[
the humus ond soil to obsorb ond immobilize odded N.
At higher input roles of I00 to 300 kg N/ho, in single one time doses,

used in operotionol forest fertilizotion, experience Irom similor temperole
forest ecosystems suggests thot no serious detrimenlql effects hove

been found provided guidelines obout opplicotions to lokes ond woter
courses ore respected. Operotionol foresl lertilizotion hos been opplied
to second groMh stonds in the Georgio Bosin for over 30 yeors ond is
ongoing.



Repeoted opplicotions of N fertilizer, in experiments designed b
opproximofe N solurotion, hove indicoted o surprising obilily o[ Iorested
ecosystems to obsorb odded N-

Europeon empiricol criticol N loods for noturol ond semi-nolurol

ecosystems in 2Q02 ore in fie ronge of 5 to 20 kg N/ho/yr for forest

ond subolpine hobitots. Coostol, inlond surfoce woter ond bog ond fen
hobitots ore in the ronge of 5 to 25 fu N/ho/yr. Given the similority
o[ ecosyslem slructure ond function these ore reosonobla volues for the

Goorgio Bosin. US volues ore in lhe some ronge

N fertilizotion hos been used to test the degree of N soturotion of
foresied ecosystems. This review suggests it be used in the Mountoin
Hemlock biogeoclimotic zone of the Georgio Bosin where lhe greotesl

impocts of N inputs mighl be expected.

Session l2E: Toxics in the Morine Ecosystem
Cfroir: Sondie O'Neill

Thirty yeors of Persistent Biooccumulotive Toxics in Puget
Sound: will they ever go owoy?
Jornes West*, Woshington Srote Deportment o, Fish ond Wildhh
Sondrq O'Neill Wosiington Dept. ol Fish ond Wildllle

We combined historicol doto on persistent biooccumulotive toxics IPBTs)

such os PCBs ond DDTs with longlerm, ongoing monitoring results from

the Puget Sound Assessment ond Monitoring Progrom {PSAMPI to help

us understond the fote ond tronsport of these PBTs in the ecosystem's

bioto. PCB ond DDT levels in benthic species lbo omfishl like flotfishes

ond sculpin hom highly polluted, urbonized or industriolized hobitots

declined shorply from the 1970s to present, mirroring trends observed
in other urbonized ecosystems worldwide. Current PCB levels in

bottomfish from urbonized hobitots overoge roughly 100 ppb (wel wt),
which is roughly onelenlh of 1970s levels. PCB levels in Pugel Sound

boromfish from relotively cleon, or relerence hobitots hove exhibited no

decline in the post 30 yeors, with concenlrolions remoining in the 20 to
30 ppb {wet wr.l ronge. Over lhe post l5 yeorl levels hove remoined

relotively constont in bottomlish from both urbonized ond non-urbon

hobitots. Historicol PBT doto lrom pelogic species like herring ond

solmon in $e PS/GB ore rore, however PCBs in coho solmon oppeor to
hove declined from the 1970s to current concentrolions thot ore similor
to non-urbon bottomfish. Over the post l5 yeors, levels hove remoined

relotively constont in bottomfish from both urbonized ond non-urbon

hobitots ond in pelogic fish like coho solmon. We hypothesize thot lhe

lock ol o declining trend in PCBs oyer the post l5 yeors is lhe resuh of
biotic -recycling through

Endongered Southern Residenr Killer Wholes ot Risk in
The Georgio Bosin - Puget Sound: Emerging Contominonl
Concerns
Peler Ross 

*, Fisheries ond Oceons Conodo
Steven Jeffries, Woshingtcn Deporfmenf of Fish ond Wildhte
lohn Ford, Fisfieries ond Oceons Conodo

The smoll ond reproductively isoloted populotion of southern resident

killer wholes (Orcinus orco) of British Columbio ond Woshington Stote

foce o dounting set of conservotion pressures, including reduced prey

bose, noise ond disturbonce, ond very high levels of toxic chemicols.

While the ultimote recovery of this populotion requires multi-stokeholder,

multiogency, ond intergovernmenbl cooperolion, scientiffc scrutiny ond
mitigotive efforts musl focus on eoch o[ these threoh individuolly, os

well os the intarociions omong lhem. ln fie cose of some contominonts,

previously enocled regulotions ond source control hove helped to

omeliorote locol killer whole hobitot quolity. PCB, DDT, dioxin ond luron

concenhotions in the regionol environmenl hsve declined over the post

three decodes. However, lhe noloble persistence of the PCBs meons thot
killer wholes will continue to foce ossocioted heolth risks lrom Slegocy'

chemicols well into the future. ln oddition, the foilure lo enoct regulolory
chonges will m6on thot the region's killer wholes will foce dromotic

increoses in the concenlrolions of on unreguloted flome relordonl
chemicol IPBDEs] over the coming yeors. As PCBs ond PBDEs elicit
similor toic effecls in mommols (endocrine disruption, immunotoxicity),
the prospects for recovery ol long-lived soulhern ond norfiern residenl

killer whole populotions during the 2l st century remoin open to debote.

Monogemenl of Threots to Fish ond Wildlife from PBTs
Scott Redmon *, Puget Sound Action Ieom

Persistent, bioccumulolive toxins IPBTs) including PCBs, orgonochlorine
pesticides, PBDEs, ond chlorinoted dioxins hove occumuloted in the
lissue o[ solmon, other fish, birds, ond morine mommols in Puget Sound

thot individuol orgonisms moy oxp6rience suppressed immune function;
concer; impoired development, growlh, ond reproduction; ond ohered
behovior. Toxic horm to individuol orgonisms might threolan the viobility
of fish ond wildlife populotions. For instonce, loxic strssses might hinder
ihe recovery of species such os Pugel Sound Chinook solmon ond
southern residenl orcos. Allhough oddressing PBT contominotion of ftsh

ond wildlifu is understood to be on importont ospecl of restoring the
heolth of the Puget Sound ecosystem, Stote o[ Woshington progroms

to implement the slote ond lederol cleon woter octs ond to cleon up
contominoled sites ore poorly focused on conrol o[ PBT contominotion
to benefit fish ond wildlifa. Suggestions lor improved monogement of
PBTs include: revising the stote's opprooch to identifying ond describing
Puget Sound's impoirments reloted to PBTs in the slote's woter quolity
ossessmeni; developing o scientific fromework (e-g., vio moss bolonce
ond lood web modeling) to relote PBT sources ond monogement tro

ecosystem receptors; ond revising sediment monogement stondords to
occount for horm lrom PBT occumulotion in fish ond wildlifu vio food
web lronsfers.

PCBs in The Biob: fhe lmportonce of Understonding the
Biotic Bolonce in Estimoting toodings to Puger Sound ond
the Georgio Bosin
Sondro O'Nerll*, Woshiagton Stote Deportment o[ Fisfr ond Wldlih
Jomes West, WA Deportment of Fish ond Wildlife

Although PCB levels in Puget Sound bioto ore lower now thon they
were in the 1970t, levels hove not declined oppreciobly since the mid

1980's ond currenl PCB levels ore still cousing odverse effects. Efforts

ore underwoy to estimote loodings of PCBs ond other contominontg lo
the Puget Sound ecosystem so os to better torgel monogement octions
to reduce inputs ond occelerote $e rote of decline. While moving
forword wilh this effort, it's importont to consider lhe bioto os o source

of bio<voiloble conlominonts io the Puget Sound ecosyslem. Resulls

from our PSAMP fish conlominonl moniforing cleorly show thot foroge
ftsh like Pocilic herring serve os on importonl nexus of persistent orgonic
pollutonts to the Pugel Sound ecosystem- Thus, the reloiive omounts of
lhese conlominonts in bioto, sediments, woler ond the otmosphere ol
Puget Sound oll must be considered to determine the most oppropriote
monogement oclions lor source conlrol ond reduction of contominonts.
We provide rough estimotes of the moss of PCBs present in resident

ffsh ond some other key bioto ond sediments. Rough estimotes of the

omount of PCBs in surfoce sediments ore olso provided. The estimoted

flux of PCB moss into the Puget Sound vio biotronsport of some key

tronsient species is olso explored.

Toxic Chemicol Contominonts ond Puget Sound
Trocy Collier*, NOAA/N/I4FS/NWFSC
Sondro O'Neill, Jomes West, WA Dept Fish ond Wildlle
NotAoniel Scholz NOAA Fisleries

Puget Sound is unique omong oll of our nolion's esluories in being
o deep fior&like structure lhot contoins mony urbon oreos within its
droinoge bosin. Becouse lhere ore severol sills thot limit the entry o[
oceonic woter inio Puget Sound, it is relotively poorly flushed comporad
to other urbonized estuories of North Americo- Thus, toxic chemicols
thqt enter Puget Sound hove longer residence times within the system,

ond this entroinmenl of loxics con resuh in bioto being exposed to
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increosed lev,ris of contominonB for o given input, compored to other
lorge estuories. The problems in Puget Sound ore exocerboted by
biologicol isololion. Becouse Puget Sound is o deep, olmost oceonic
hobitot, the tendency of o number of species to migrote outside of Pugel

Sound is limited relolive lo similor species in other lorge urbon estuories.
This high degree ol residency lor mony morine species, combined with
the poor flushing of Puget Sound, resulh in o more protrocted exposure
to contominonls. lt is this combinotion ol hydrologic ond biologic
isolotion thot mokes the Puget Sound acosyslem highly susceptible to
inputs of toxic chemicols compored to other mojor estuorine ecosystems.
Three steps, nomely source chorocterizoiion ond quonlilolion, source

control ond reduclion, ond biologicolly-bosed observotion ond
ossessmenl, ore equolly essentiol if we ore to protect Puget Sound hom
fie woste producls of its surrounding, ond groring, humon populotion.

Session l2F: Environmentol Educolion: Citizen
Stewordship
Choir: Greg Ambrozic

Leorning from the BC Coostol Environment 2(X),6 Proiect,
Port l: Consulting whh Audiences ond Experts
Lynne Bonner", Lindo Gilkeson, British Colunbio l(inistry of
Environmenl

ln 2004, representotives {rom two federol minislries, lwo provinciol
ministries ond two universities begon work on on ombitious proiect
to report on the slote of British Columbio's coostol anvironmenl.
From the outset, this proiect mode o moior effort to understond whol
oudiences volue obout the coostol environmenl ond to ensure this wos
considered during consultolion with the experts to davelop meoningful
environmentol indicot'ors. A fromework for defining priority oudiencas
helped to identify those oudiences thot it would be proclicol to engoge
(given limiled time ond resources) for $ek input on issues, desiroble
indicotors ond reporting formols. This wos occomplished through

on oudience survey conducted by emoil ond phone, An onolysis
of whot would be required to undertoke qn effective consultotion
with Firsl Nolions provided o first step toword oddrassing the needs
of this porliculor oudience. Technicol experis were encouroged to
think beyond estoblishing ovoilobiliry ol doto sets ond lo oddress the

questions ond informotion needs of the brooder oudiences lor coostol
enyironment reporling. The primory consultotion tools to get input from

technicol experts were leleconferences ond focililoted workshops (in o
voriety of scoles ond locotions).

More lhon Meets the Eye: Community Porticipotion in
Environmenlol Srewondship
Veronico Wohl*, Univenity of British Columbio

Porticipotion of volunteers in the work of environmentol stewordship

orgonizolions brings direct benefils not only to the groups but olso lhe
ecosyslems in which they work. lt is orgued however, thot this type ol
volunteering is olso vitol to lorger susloinobility initiotives becouse of
the long-ierm indirect benelits thot moy be occrued through honds on
octivities in support o[ environmantol heolth. These indirect benelits moy
include o greoter ottochment b the work sites ond the foslering of on
environmenlol ethic omong porticiponts.

This presentolion exomines lheories ond emerging studies in the
literolure on environmentol slev,rordship volunteering, ond reloted
reseorch oreol on the potentiol indirect benefits of stewordship
volunteering. lt will illustrote how different types of environmentol
experiences moy relote to dilferent ottitudes loword the erwironmenl
ond drow out the polentiol connections belween porticipotion in

environmsnlol initiotives ond other environmentolly positive ottitudes ond
behoviours by the volunbers. The presentotion will show thot through
encouroging honds on porticipolion by volunteers in stewordship
proiects in their communities, snvironmenlol proctilioners con help to
build o constiluency o[ supporters for environmentol initiotives in this

region.

Poddling Awoy the Gunk
Teri King*, Jonis McNeol Woshingtron Seo Gront, Universily ol
Woshington

Nitrogen conservotion is o lough subiecl to hove community members

rolly behind. Using innovotive outreoch elforr such os o gorboge
grinder'Round Up', the tried ond true'Septic Sociol' ond poddling from

dock to dock we were oble to quickly educote homeowners obout the

houbles o[ excess nitrogen in Hood Conol.

Using o hee micromesh kitchen sink screen os our ticket for discussion,

we were oble to gorner involvemenl in our compoign hom over 1,931

homes in o smoll seclion o[ the Hood Conql wotershed. With neorly
96% of fie porticiponls reporling o long lerm odoption of the screen in

oddition to 30 % o[ them going out ond purchosing more we found o
tool thot resonoted wilh the community.

Filty homes olso porticipoted in o more grueling tosk os o'gunk
collector', collecting oll of the bits ond pieces collected in their kitchen

sink screen ofier every meol for one week. The 'gunk' wos onolyzed lor
bolh nihogen ond phosphorus ond reveoled o remo'rol ol neorly 1,950

9 ond 185 g respectfully.

Although the omount of nitrogen screened out wos limited, porticiponis

recounl on the doily visuol reminder thot the screen provides thot they

ore on o seplic system ond thol they need to be corelul whot they put
down the droin.

GreenShores: A Prooclive lnitiotive for Sustoinoble Coostol
Development
John Horper*, Coostol & Oceon Resources lnc.

Brion Emmetl, Archipelogo Morine Reseorcfr [td.
Mortine Dubois, rllortine Desbois ond Associotes
Greehen Horloyl Enyironmenl Conodo fConodion Wildlife Service)

Jo[n Reodshow, Sondwell Engineering lnc-

Horriet Ruggenberg lonorc Consultonrs hd,

GreenShores is o volunlory progrom for encouroging coostol property
owners to use susloinoble opprooches in cooslol development. The

GreenShores initiotive follows the model of the tEED Greon Buildings
progrom where owners or developers occrue credits lor use o[
susloinoble components to property development. These opprooches
might include the removol of seowolls, use o[ socrifrciol fill moteriols

os olternotives to seowolls or reslorotion of riporion vegetotion-
Properlies or developments thol ochieve o suitoble number of crodits
ore then GreenShores ce*ifted. The credit progrom is built oround lour
GreenShores principols: (l ) preserve the inlegrity or connectivity of
coostol processes, 12) mointoin or enhonce hobilol diversity ond function
(on o locol or regionol scole), (3) minimize or reduce pollutonts to fie
morine environment ond {41 reduce cumulotive impocls lo the coostol
enyironment. Exomples o[ opplicotion of criterio lo three cose exomples
include residentiol properties ond "brown" shores restorotions (i.e.,

decommissioned induskiol siles).

Ponel l3A: Community Mopping Network in the
GBPS
Cfioir: Rob Knight

This session will feoture o live domonstrotion of web mopping
opplicoiions on the CMN (Community Mopping Network), feoturing
3 interoctive odoses to generole oudience questions ond porticipotion:
Southern Gulf lslonds Atlos (with streoming shoreline videosl; Georgio
Bosin Hobitot Atlos (with oodles of GIS doto from ogencies ond
NGOs); lnvosive Specie Atlos (with Sportino sp. mopping, drift cord
trocking & online dolo entry).

The CMN is working to bridge the inlormolion gops in rercurce doto
by engoging citizens groups ond concerned ogency sloff in BC ond
Woshington. The CMN is on NGO dedicoted to shoring o weolth of
noturol resource informotion ond mops with communilies, locolly ond
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inlernolionolly. CMN integrotes doto from mony sources ond mokes

it occessible lhrough o user-[riendly web mopping system, providing

o unique set of tools io explore ond promote oworeness of noturol

resource feotures. Using o natwork o[ distributed servers, CMN offers
lnlernel occess to comprehensiva bose mopping, oeriol imogery
ond locol informotion, working closely with other NGOs ond locol
goYernmenls.

The ponel will review ond discuss community bosed web mopping
proiects in the Georgio Bosin - Puget Sound region. The ponelists will
provide perspectives ond commenls on oudience questions during

demonstrolions, drowing on their experiences ond bockgrounds. The

CMN hqs severol relevonl opplicotions in the GBPS region thot will
provide o cotolyst [or the discussions.

Ponel Members:
. Kolhleen Moore
. Don Cfiombedoin
. Rob Knight, Conmunity Mopping Network

Session l3B: Bioto: tlorine Birds ond Woterfowl
II
Choir; Joy Dovis

lmpoct of Woterfowl Grozing on Successive Cuts of
Perenniol Foroge Fields
Yince YonBeelen, Ducks Unlimited Conodo
Don Buffett', Ducks Un/imited Conodo

locoted on the Poci{ic Flywoy, the Froser River Delto (FRD} contoins

one of he lorgest estuories on the north Pocific Coost. Approximotely
one million migroting ond wintering woterlowl use the FRD on o yeorly
bosis. Uplond ogriculturol crops provide importont [oroging hobitot

for dobbling ond grozing wolerfowl, however, urbon sprowl, increosed

humon disturbonce ond chonging lond-use policies continue to reduce

the omount of woterfowl hobitot reciprocoting increosed pressure on
existing hobilot. Perenniol foroge grozing domoge by woterfowl hos

been well documented ot the lirst foroge cut, but it is unknown whot the

impoct is ol successive cuts. Ducks Unlimited Conodo undertook o study

to determine woterfowl grozing impoch on biomoss ond protein ol the

first, second, third, ond subsequenl cuts. tour fields were subiectively

clossilied os on intrensively or possively monoged field bosed on
monogement. Twenry plots of grozed ond ungrozed portions wBr6

identilied ond stoked in eoch field. Resuhs indicoted grozed fields hove

o 70% decreose in biomoss but o subsequent 20% increose in prolein

levels- Additionolly intensively monoged ftelds recovered quicker lrom

the impoct of grozing by the second cut while possively monogad fields

did not recover completely until the third cut. This study demonstrotes

thot ossessmenls of wolerlowl domoge need to include impocts ot the

first cul for inlensive fields ond the first ond second cuts for possive fields-

Spring Usoge Pqllerns of Surf Scoters in the Greoter Puget
Sound ond Stroit of Georgi o 200+2006, Documented
Through VHF ond Sotellite Telemetry,
Joseph Evenson 

*, Dovid Nysewonde r, Bryon Murphie, Thomos Cyro,
Woshington Siole Deportment of Fish ond wildhle
Jofin Iokekowo, Suzon Woinwight-De Lo Cruz, U.5. Geologicol Survey,

Western Eco/ogico/ Reseorch Cenaer

Doniel Esler, Centre tor Wildlile Ecology, Simon Froser University

Seon Boyd, Environment Conodo (Conodion Wildlife Servicef
Dovid Wotd, U.S. Geologicol Survey, Alosko Science Center
Eriko tok, Simon Froser University
Mott Wilson, U.S. Geologicol Su rvey, Western Ecologicol Reseorch

Cenler

Wintering populotions o{ Surf Scoters (Melonitto perspicilloto) olong
the northeostern Pocific Coosl, ond odiocenl inner morine woters, moye

from their wintering sites lo vorious key morine oreos olong fie Pocific

Flywoy during spring migrolion where they spend some time feeding, to .

occumulote odditionol onergy reserves ond body fol belore flying inlond

lor nesting. These oreos include the ouler cooslol wolers of Woshinglon

ond Voncouver lslond, Puget Sound/ Georgio Bosin, Northern Brilish

Columbio, ond Soulheost Alosko. Surl scoters were implonted with both

sotellite ond VHF tronsmilters from four wintering populolions (Mexico,

Son Froncisco Boy, Puget Sound, ond lhe Stroit of Georgio), offering on

opportunity to evoluote usoge potterns ond key stoging qreos importonl
to Surf Scoters within the Puget Sound/Georgio Bosin. Sotellite doto
were collected during three spring seosons (20046) ond VHF doto

were collected during two seosons (20056). During spring, portions

of oll four wintering populolions used the Puget Sound,/Georgio Bosin

region, this being one of three moior lote spring stoging oreos. These

doto document the timing of use potterns, ond percenl ulilizotion by
wintering populotions. ln oddilion, key spring stoging concenlrotions

ond sites within the region ore determined. We evoluole whether

scoters using this region during spring utilized o different portion of 6e
nesting grounds thon ihos6 scoters stoging on ihe more norlhern morine
spring stoging oreo.

Biofilm Feeding in Weslern Sondpipers
Dielo Lund*, Universily of British Columbio
8ob Elner, Conod,on Wild/ih Service

Weslern Sondpipers (Colidris mouri) ore Alosko-breeding shorebirds
thot migrote to the southern US ond northern South Americo lor winter.

During this migroiion, lorge numbers of the birds (up to 500,000
estimoted in o single doy) stopover in ihe Froser River estuory to

refuel. Troditionolly, they hove been thought to be feeding primorily
on lorge mocrofouno such os omphipods by probing ond pecking

in the muddy substrote- However, recent investigotions inlo longue

ond bill morphology os well os isotope onolysis of fecol somples ond
tield observotions suggest thot sondpipers moy be insteod feeding
primorily, or ot leost odditionolly, on microolgoe, meiofouno, ond
orgonic dehitus suspended in o fiin loyer of mucus on top of the mud,

collectively known os biofilm. ln order to inyestigote this hypothesis,

on onolysis of the stomoch conlenls of Western Sondpipers ond Dunlin

wos undertoken, thot in conlrost with previous sludies, looks speciffcolly

ot biofflm components, such os diotoms. Results support lhe ideo of the

Western Sondpiper os o primory consumer, especiolly the frnding lhol
diotomoceous sediment, indicotive o[ biofilm-intoke, occounts for the vost
molority of the stomoch volumewhereos identifioble prey remoins moke

up only o smollfroction. The Western Sondpiper contenh ore olso
compored wilh lhose of Dunlin collected from the some foroging flock.
The finol results of this study could hove implicotions [or lhe conservolion
elforts o[ the Western Sondpiper ond lhe protection of its loroging
hobitot.

Monitoring Cooslel Birds in the Georgio Bosin: The BC

Coostol Wotcrbird Survey
Peler Dovidson *, 

BinC Studies Conodo
Shonnon Bqdzinskr) long Point Wotrerfowl ond Wetlonds Reseorch Fund

Ricfrord Connings, Tosho Armento, Bird Studies Conodo
Joson Kornoromr] Environmenl Conodo (Conodion Wildlile Service)

The BC Coostol Woterbird Survey wos estoblished in 1999 to monitor

the diskibution ond obundonce of BC's coostol bird populotions, ond

ossess ovion responses to nolurol ond humon-induced environmenlol

chonge. Volunleer-surveyors conlribuie on onnuol overoge o[ over
1,000 person doys fo this cilizen science progrom. Power onolysis

of stondordised, monthly, high-tide counts ot opproximotely 260
sitas (chiefly within the Georgio Bosin) between 1999 ond 2004
generoted credible populotion-trend prediclions for nine o[ the 58 most

commonly recorded species (Common Loon, Horned Grebe, Doubla
crested Cormoronl, Greot Blue Heron, Mollord, Buffleheod, Common

Goldeneye, Horlequin Duck, ond Bold Eoglel. By 2010/1 1, credibla
populolionirend doto ore predicted for mony more 134) species,

o$uming currenl survey effod is mointoined. Preliminory obundonce
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trends (1999-2004), generoled lor 58 species using rouls.regr€ssion
techniques, reflected ffndings from other surveys for somo species

{e.9., declines in seo ducksl, but indicoted trends running conlrory
to convenlionol wisdom for others (e.g., o Bold Eogle decline ond o
Weslern Grebe increose); these ore explored in more detoil. This is

the only survey in the Georgio Bosin copturing credible kend doto for
o wide voriety of coostol bird populotions. lntegroting these dotro into
conservotion ond coostol lond-r.rse plonning is o high priority.

Morine Bird Abundonce Chonges in NW Woshington: How
Much Decline ond Why?
John Bower". Brion Cory, Coonon Cowles, Holly Donovon, Johonno
Hoborl-Crone, Trocy Lomont, Sondlin Preecs. Suzonne Sonborn, A4orci

Sioub Mork Vonde rYen, Western Wosfiingl,on Universily

Concern conlinues to build over opporenl dromotic declines in morine
bird obundonce in southern Stroil of Georgio ond odiocent wolers.
Here, we provide evidence to supporl these concems by reporting linol
resulls for o tweyeor Westem Woshinglon University sludy of chonges

in morine bird obundonce over the lost 25 yeors. Our methods involve
repeoting key components of the morine bird section ol the 1978-79
Morine Ecosystems Anolysis Puget Sound Proiecl {MESA), including
census work from over 3000 point counts ond 75 ferry runs. Resulh

indicote o 277" decline in lhe btol number of birds since the 1970's,
including declines of orcr 2O7" tor l6 of the 25 species lhol were most

common in lhe l97O's. Species showing tha greoiest declines include
surl scoler f54 %; Melonitlo perspicilloto), western grebe f82%;
Aechmophorus occidentolis), 6ront l-73%; Bronto berniclol, scoup (-

6'l%; Ahyo sp.), common murre (.92%; Urio oolge), ond red.necked
grebe f507"; Podiceps grisegano). We olso report trends seen over 4
yeors of study lor NW Woshington wolers, consider our doto in relotion
to PSAMfs longJerm morine bird obundonce *udy, ond we explore
reosons for observed declines for severol importont species.

One Rore Bird: One Rore Womon: One Common Problem
Briony Penn*, Univercity of Victorio

The block oystercolcher (Hoemotopus bochmoni) is o spocies ot risk

in the Solish Seo. Dr. Rob Butler of tha Conodion Wildlife Service this

June eslimoted thol were only 40 oclive nesting sites left in this region.

One of those nesting sites is on o spit ot Wolter Boy, Sohspring lslond;
one of three leh on the islond ond the only documented nest site. One
womon, Nino Roginsky, hos spent the lost eleven yeors monitoring on

o doily bosis this n€sting sit6, lobbying for signoge to roise oworanoss

o[ the nest site, nolilying officiols of dis]urbonces, odvocoting for better
legislotion ond personolly defending the nest. Becouse of her efforts,
there hove been eleven successful fledgings of chicks-one eighth of
the totol populotion. ln the course of her volunteer work, she hos been
horossed, physicolly ond verbolly obused ond signoge vondolised.
The level of support from government offtciols hos voried bul constilules
o significont contribulion of time ond resources, The level of effort
required to keep these birds Irom obondoning nests eoch yeor hos been
exhoordinory. This cose study explores vorious questions: Whot is the

best woy to keep this populotion vioble? Whot lessons con we leorn

obout the effective opplicotion of policy, low ond resources? whot might

be leorned for other populotions ot risk? whot is the best ollocotion
of resources lor species ot risk? Mopping, inyentory, policy writing,

enforcemenl or hiring custodions of criticol nest sites?

Ponel t3C: Mqrine Migrotion ond Hobitot Use of
Solmon qnd frout in the Sqlirh Seq
Choir: Fred A. Goetz

You moy hove osked yoursel[, where ore fishing going in such o hurry?
They olwoys seem to be moving or migroting from one ploce to onother,
from freshwoler to soltwoter, lrom Puget Sound to the Oceon. You

olso might osk yourself, once they get lo their destinotion whot ora
they going 1o do - hove dinner or go lo o porty? Scientists hove been

intarested in fish morements for decodes, they moy nol osk questions
quite in tha woy we might think ol it, but the study of ond knowledge of
the movements o{ oll monner of fish including solmon, trout ond morine
lishes o[ Puget Sound, is essentiol to our obility to prolect ond conserve

these fish ond thair hobitots. Recendy new technologies hove been

developed thot moy help scienlisls onswer some of these questions.

These tools ore opening on exciting new world o[ esluory ond morine

reseorch using biotelemetry - meosurement (telemetry) o[ biologicolly
relevont dolo u3ing tronsmilters ond receivers - o reseorch opprooch thot
hos been evolving locolly (Puget Soundl, regionolly (Solish Seo) ond
ol on inlernolionol scole. ln this workshop we will present some of fhe

lotest biotelemetry reseorch on lhe migrotion ond hobitot use of solmon

ond trout in lhe rivers, esluories ond morine woters of the Puget Sound

ond the Slroits. This work is o resuh of o scienti{ic colloborolion o[ over

20 differenl orgonizotions ihoring equipmenl $o[f, ond informolion to
moke o Pugel Sound-wide monitoring network.

Ponel Members:
. Fred Goerz U.S. Army Corps oI Engineers
. Russell todle, Pvyollup Trhe ol lndions
. Ed Connor, Seottle City ligfrl
. Reg Reisenbichler, U.S. Geologicol Survey
. Anno Kogley, NOAA Fisfreries / Nqlionol Mqrine Fisheries Service
. Scot Sterfzner, Squoxin lslond Iribe
. Michoel Mehychvk, Universily o[ British Columbio

Pre ond Post Spowning Migrotion of Adult Bull Trour
(Solvelinus Confluenlusl in the White River, Woshington
Russ lodley', Eric Morks, Terry Sebostrbo Puyollup Tr;f,,e o{ lnd'rc,ns

Rodio telemetry wos used to monitor pre ond post spowning migrotions
of odult bull trout (Sqlvelinus confluentus) ond locole spowning sites

locoted in the upper White River, Woshington. The White River is lhe

lorgesl tributory of the Puyollup River ond originotes on the glociers

of northeost Mount Roiner. Turbid summer ond foll woter conditions
preclude visuol observotion of ffsh within the glociol moinstem reoches.
Ten chor received surgicolly implonted rodio lronsmitters in June

ond eorly July o[ 2006 ond nine were trocked lo vorious lribulories
locoted within or neor Mount Roiner Notionol Pork. Togged ond
untogged bull trout were observed to exil the moin stem White ond
enter nonglociol tributories to spown in lote August ond throughout
the month o[ September. A decline in tributory woter temperolure to

5-7- C oppeored lo iniliote entry. Movemenl ond holding behovior
of indivlduol fish voried: some exhibited lteody upsheom movement

while others remoined in fixed locotions lor severol weeks followed by
punctuoted upslreom progress. Similorly, posl spowning moyement

ronged from conlinued holding in lhe kibutory to ropid folLbock to

moinstem river posilions. Redd elevotions ronged from 2600'to 3900
[eet.

Migrotory Behqvior of Bull Trout in the Skogit River
Wotershed
Ed Connor*, Seott/e City light
Eric Jeones, R2 Resource Consultonls
Fred GoeE, Seottle Dishict Army Corps of Engineers

Dove Nlug, Seottle Ciiy Lighf

We investigoted the migrolory behovior of bull hout in lhe Skogit River

wotorshed by implonting {ish with uhrosonic tronsmitters, ond then

trocking individuol fish for o period of up to three yeors using o network

of ultrosonic receivers. The receivers were deployed on o yeor-round
bosis throughout the Skogit River wotershed, including the Skogit delto,
lower moinstem river, upper river, ond moior tributories including the

Souk ond Suiottle rivers. Bull hout were olso trocked by receivers
deployed in the neorshore oreos o{ the Puget Sound. Fish were
copturod ond implontad wilh ulkosonic tronsmitters in Skogit Boy ond
the upper moinstom Skogit river, ollowing us to lrock bofi onodromous
ond fluviol (river rasident) life history lorms within lhe wotershed. We



identified oreos ol the Skogit River where onodromous bull trout were
the dominont lile history form, ond other oreos where fluviol bull
troul oppeored to be dominont. The results of this study indicote thot
the migrotory behovior of bull troul in the Skogit wotershed is highly
vorioble, ond oppeors to be influenced by flow voriobility, foroge
obundonce, ond woler temperoture regimes. The life history shotegy of
individuol bull troul oppeors to be focullotive, with some lish switching
between onodromous ond fluviol strotegies ove. time.

Hobitot Use ond Timing by Bull Trout in Morine Woters of
Northern Puget Sound, Woshington Stote.
Reg Reisenbichler', Steve Rubi4 Mike Hoyes, U.S. Geo/ogico/ Survey
Fred Goelz, U.S. Army Corps of Engineers
Mike Porsley, U.S. Geologicol Survey

Bull trout ond their hobilots ore protecled becouse the species is listed

os Threotened under lhe U.S. Endongered Species Act; however, lhe

scientific literolure contoins little in[ormotion obout the hobitot used by
onodromous bull kout during their residence in morine wolers. We
used stolionory receivers locoted in the lower Skogit River ond mobile
trocking geor in morine wolers lo sludy lhe timing ond hobitot use for

bull trout in Skogit Boy during April - August 2006. Acoustic togs
were surgicolly implonted in 20 bull trout thot were coptured by beoch
seining in Puget Sound during April 2004 to July 2006, ond in 20
bull kout thot were coptured by hook ond line in the lower Skogit River

during l3 Morch to 3 April 2006. The fish were x - y cm fork length ot
togging. The fish moved post our receivers (opproximotely river mile 4)
toword Skogit Boy during Morch-Moy ond oll but three returning fish

entered the river ond possed the stotionory receivers during June'July.

While in Skogit Boy, fish typicolly resided wiihin 300 m of the shoreline

ond ot depths < 5 m. Eoch fish tended to remoin in o limited oreo,
generolly no more lhon I .5 km in length. On eoch o[ four occosions, ot
leost one week oport. we continuously trocked o different fish for > 20
hr. The only dif{erences between diurnol ond nocturnol hobitot selection

or behovior seemed lo reflect chonges in lidol height rother thon solor
position. We will report on other hobitot feqtures such os bothymetric
topogrophy, geomorphic shoreline forms, distonce from shore, ond
distonce {rom mon.mode slructures or shoreline modificotions.

A Summory of Acouslic Togging Progroms for Migrotory
ond Resident Chinook Solmon in Puget Sound
An no Ko gley 

*, NOAA/NMf S/NWFSC
Fred Goetz, USACE

Coreigh Greens NOAA/N/ FS/NWFSC
Tom Quin, l-)niversily ol Woshinglon
Josh uo Chomberliq Ku rt F resh, NOAA/NA4 FS,/NWFSC

Like mony other stocks throughout the Pocific Northwest, Puget Sound

Chinook solmon hove now declined lo the point lhol they ore listed

os Threotened under the Endongered Species Act- An increosed
understonding of their residence time, origins, migrotion pothwoys,
predotoy'prey interoctions, ond hobitot use is needed to help reverse

this trend. We ore currently using ocoustic telemetry to help fill this

informotion void. Currently there ore over 20 orgonizotions deploying
over 900 togs ond over 2OO receivers in every Puget Sound bosin
ond coincident with this is on internotionol moniioring effort (POST

proiect) using the some technology lrom Alosko to Colifornio. This

presenlotion is o summory o[ lhe Chinook portion of this colloborotive
effort initioted over the lost two yeors ond on overview of the upcoming
reseorch plons- This united opprooch will give o cleorer picture of the

stolus of Puget Sound Chinook solmon including oceon-bound smolt ond

resident (blockmouth) behovior ond survivol in both the estuorine ond

neorshore environments ond colribute lo o greoler ecosystem level of
under$onding. This in turn will help direct future fisheries monogmenl

decisions surrounding racovery ond help focus future protection ond
restorolion efforfs.

Results From o Regionoly Scoled Acoustic Network Used
Trock Multiple Species in South Puget Sound: 2O0lt-2O06,
Scott Stetlzner, Sguoxin ls/ond lribe
Kyle Brokensiek, 5fil/woler Sciences

Comeron Shorpe, Woshington Deportnent o[ Fish ond Wildli{e
Soroh Hogue, Evergreen College
Soyre Hodgson, Nisguol/y Iribe
Fred Goetz, University of Woshington

ln 2004 the Squoxin lslond Tribe instolled o yeor round ocoustic
detection network in seven of the norrow possoges thot chorocterize
South Puget Sound. field testing showed thot logged fish possing these

orroys hod o probobility of detection lhqt opprooched 100%. The

initiol purpose o[ the orroy wqs to investigote the eorly morine phose

of hotchery coho solmon {Oncorhynchus kisutch). Between 2004 ond
2006 264 coho were togged ond releosed. Over 70% of these fish

were detecled in the ocoustic orroy. ln 2004 other ogencies begon
using the yeor round South Puget Sound orroy to focilitote studies on

species ol interesl other thon coho. By 2006 lhe orroy hod exponded
to cover nine South Puget Sound possoges ond wos being used to

support the studies of seven different ogencies. Species togged were:
holchery ond wild coho (Oncoriryncirus kisutcL), holchery Chinook lO.
tshowytscho), hotchery ond wild steelheqd (O. mykiss), coostol cutthrool

lO. clorki clorkrl, ond lingcod (Ophiodon elongotus). This colloborotive
effort hos ollowed the exponsion of the exasting yeor round listening line
while pro"iding eoch porticipoting ogency doto beyond which it would
hove been oble to collect on its own.

High Morrolity or Extended Residency of Coho Smohs in
the Stroit Of Georgio? Confounding Foclors in Estimoting
Eorly Oceon Survivol with Acoustic Togging
Michoel Melnychuk", University o[ British Co/umbio
Dovid Welch, Kintomo Reseorch Corp.
Cor/ Wokers, U.8.C.

We conducted o lorge-scole ocouslic trocking study to monitor
lhe downslreom ond eorly oceon migrotions of iuvenile solmonids
through the Stroit o[ Georgio system. Between 2004,2006, we
implonted ocouslic lronsmitlers into coho solmon smolts from two
hotchery populotions lhol migrote through Georgio Skoit ond two wild
populotions thot enter Gueen Chorlote Stroil from northeost Voncouver
lslqnd Rivers. We used the Pocific Oceon Shelf Trocking (POST) orroy
to quontify migrotory rotes ond routes. ln controsl to steelheod ond
sockeye solmon smohs, which migroted ropidly ond left the Stroit of
Georgio system, coho smolts were rorely detecled ofter enlry into
Georgio Slroil. Estimotes of eorly oceon mortoliry were confounded
by unknown levels o[ summer-winler residency in Georgio Stroit in

oreos belween lines of ocoustic receivers. Mortolity rotes during the

downstreom migrotion, however, were surprisingly high for the Skoit o{
Georgio populotions (23-95%l compored to lhe northeost Voncouver
lslond populotions (8-237d. Relotively smoll body sizes ond long
migrotion dislonces contributed to the higher mortolity rotes found in

these Stroit o[ Georgio coho populotions thon in olher coho populotions
or other solmonid species.

Movemenl ond Behovior of Steelheod Smolts in the Puger
Sound
Fred Goetz*, U.S. Army Corps olEngineers
Bob Lelond, Wosfihgton Departmenl af Fish ond Wildlile
Soyre Hodgso4 Nisguoily Iribe
Russ lodley, Puyollup Tribe
Ed Connor, Seottie City light
Eric Jeones, R2 Resource Consulbnh
fhomos Quia4 UnrVercify of Woshington
Borry Bereiikion, NOAA Fisheries

Hol Boynlon, Sreelheod Trout Club of Woshington
Kelly Kiyohoro, Por Michoels, Woshington Dept of Fish ond Wildlife
Correigh Greene, NOAA Fisherres
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Steelheod in Puget Sound were recently proposed for listing os o
fireotened species under the ESA. The obundonce of steelheod in the

Solish Seo hos been declining over the post 20 yeors, from northern

British Columbio to southarn Puget Sound ond Hood Conol. The loctors

exploining these declines ore highly uncertoin buf current informotion

suggests the estuory ond morine environments moy be crilicol oreos
lor the survivol ond gronth of smolts. ln 2006 o Puget Sound wide
ocouslic telemetry affort wos initioted lo study the migrotory behovior
(timing/routes), hobitot use ond survivol of steelheod smolts. During the

spring migrotion o totol of 569 smolts, 3ll wild ond 257 hotchery [ish,

were togged ond releosed in five different morine suLbosins from l'l
dilferent rivers ond streoms. We will report on steelheod releosed from

the Nisquolly, Puyollup, Green, ond Skogit Rivers ossessing diflerences
in migrotion ond hobitot use between rivers, sub-bosins, ond between
wild ond hotchery fish, we will olso provide o brief comporison to
componion study work from the Hood Conol ond Georgio Shoits.

Pqnel l3D: Puget Sound Neorshore Porlnership
- Emerging Results
Chqir: Curlis D- Tonner

The Puget Sound Neorshore Portnership (oko PSNERP) hos developed

mefiods for detecling chonges in the physicol structure of neorshore

ecosystoms. Conceptuol models help us understond lhe humon stressors

thot drive these chonges, ond how neorshore ecosystem processes

hove likely been oltered. Results of chonge onolysis ore being used to

identify restorotion needs ond develop projects thot restore neorshore

ecosystem process€s. We ore olso employing onolyticol opprooches
to esiimole future condilions ol the Pugel Sound neorshore with ond
without lorge-scole ecosyslom reslorolion. Chonge onolysis, strotegic
needs ossessment, ond future condition methods hove been plloted

in the centrol Puget Sound region (WRIA 91. As we scole up lhese

melhods to Soundwide onolysil we ore olso working to inlorm ond

support on€oing restorotion efforls. Progrom technicol guidonce wos
used in evoluoting ond selecting proiects lor implementolion through the

$2.5M Estuory ond Solmon Resloroiion Progrom. ln oddition to support

[or nine proiect proposols, the Neorshore Portnership funded proiecr

"enhoncements" thot supplement monitoring ond educotion components
to copitolize on leorning opportunities inherent in the proiech.

We hove responded to the need for improved guidonce for reslorotion

proiect monitoring progroms by development o{ monitoring principles.

This session will discuss these eorly resuhs o[ the Neorshore Porlnership.

Ponelists:
. Curlis lonner, Woshington Dept of Fish ond Wildlife/USFWS
. 5i Simensiod, Uoiraersity of Wosfiingfon
. Doug Myers, Puget Sound Action Ieom
. Rondy Cormon. Wosfiington DepL of Fish ond Wildlife
. Tom Mumlord, Woshington Dept of Nolurol Resources
. Bemie Horgrwe, U,S. Army Corps oI Engineers

Session l3E: foxics in Biolo ll
Choir: John Elliott

Contominote Residues in Demersol Fis[ lnvetebroles, ond
Deployed Musscls in Selected Areos Of The Puget Sound,
WA
Robert Jofinslon', Spoce ond Novol Worlore Sysfems Center,
Bremerlon, WA
Du/igh, leis,e, Puget Sound Novol Shipyord & lnrermediole Mointenonce
Focility, Eten,elon, WA
Jill Brondenberger, Pocilic Nortfrwest Notionol Loborolory, Sequim, WA
Scofi Sreinert, Computer Sciences Corporolion, Son Diego CA
Michoel Solozor, Sondro Solozor, Applied Eiomonitoring, Kirklond, WA

The Puget Sound Ambient Monitoring Progrom (PSAMP) ossisted the

Puget Sound Novol Shipyord & lntermediote Mointenonce Focility
Prolect ENMronmentol inVEStment IENWEST) to increose lhe doto yield
from the 2003 ond 2005 howl sompling in Sincloir lnlet ond selected
locotions throughout Puget 5ound. Somples of English sole, rock sole,

sond sole, rotfish, surfperch, sloghorn sculpin, grocelul crob, ond seo

cucumber were collected ond onolyzed for residues of polychlorinoted
biphenyls (PCBs) ond metols. ln oddition, coged mussels were deployed
from June - September 2005 (84 doys] ot locolions odiocenl to the

Shipyord ond ol reference locotions wilhin Sincloir ond Dyes lnlets to
ossess contominont occumulotion ond effects on growth. Tissues somples

Irom English sole ond mussels were olso onolyzed for biomorkers of
sublethol slress. The tissue residue levels were compored to ecologicol
ond humon heolth risk benchmorks. The whole body (wet weightl
concentrolions of PCBs, As, Ag, ond Hg were highest in rotfish; crobs

hod the highest levels o{ Cd, Cu, Ni, ond Zn; ond seo cucumbers

hod tha highest concenlrotions of Cr ond Pb. ln generol, fie urbon

boys (Elliott Boy, Commencement Boy, ond Sincloir lnlet) hod higher

concentrolions o[ contominonts thon the other oreos of the sound. The

results Irom the coged mussel study showed lhot PCBs, PAHs, ond Pb

wera occumuloted ot elevoted levels in Sincloir lnlet, howwer, the
mussels remoined heolthy throughout the deployment ond conlominonls

did not oppeor to occumulote to hormful levels.

PCB Cycling in lhe Lower Duwomish Woterwoy
Jeilrey Stern*, King Counly, Deptortment of Nolurol Resources ond
Porks, Woter ond Lond Resources

The lower Duwomish Woterwoy wos listed os o Superfund site in

2000. One of the principol chemicols o[ concern ond mosl significont
risk driver ot the site ore polychlorinoted biphenyls (PCBsl. Work
conducted lo ossess risks ond determine remediol oclion levels for
the sita included numerous sludies on chemicol sources, movement,

fote ond biooccumulotion. Models were derelopad for sadiment

erosion ond ronsport, chemicol fote, ond {ood web honsfur of
biooccumulotive compounds. Doto were collected on vorious inpuls
including otmospheric deposition ond estimotes devaloped for loodings

of PCBs from sources, runoff, the Green River ond Elliott Boy. Tissue

concenlrolions were collected from mony componenls of the food web.

Token together, tha informotion ond modeling onolyses present o piclu16

o[ how PCBs cycle through the obiotic ond biotic componenb of the

ecosystem in the Lower Duwomish. lnsights into trophic relotionships

ond feeding hobits of the food web, resulting vulnerobility of vorious

orgonisms to bioccumulotion ond risk implicotions, ond the relotiye

significonce of sources ond sinks to tissue levels con be discerned.

Current Levels of Pbdes ond Other Contominonls in
Juvenile Chinook Solmon From Puget Sound
Gino Yl olo *, NOAA/NA4FS/NWFSC
Lyndol Johnson, O. Poul Olson, NOAA Fisheries, Norlhwest Fishen'es

Science Ceniet Environmenlo/ Conservolion Divislon

Sondro O'Neill, Woshinglon Deportmenl of FisA ond Wildlile
Glodys Yonogido Seon Sol Dan Lomotg Trocy Collbr, NOAA Fisheries,

Norfiwesl fisfi eries Science Cente, Environmentol Conservolion Drvision

Populotions of wild Pociftc solmon in Puget Sound ore declining ond
rrorious noturol ond on$ropogenic foclors contributre to lheir decline.
For exomple. it hos been suggested thot sxposurs lo environmentol

conlominonts moy offect solmon populotions by increosing susceptibility
to opportunistic pothogens, or by interlering with normol growth ond
melobolism. Fish thot migrote through contominoted estuories ond
wolerwoys ore especiolly susceptible to these impocts. We hove on

ongoing progrom thot meosures conlominont levels ond ossocioted

biologicol el{ects in iwenile Pocific solmon, including iuvenile Chinook
solmon (Oncorfiynchus rsho@schol from Puget Sound. However, lhere

ore limited doto on levels o[ polybrominoted diphenyl ethers (PBDEs)

in Puget Sound iuvenile Chinook, on emerging conlominonl of concern
in the Pocific Northwest. ln 2006, whole bodies ond stomoch contenh
of luvenile Chinook solmon from vorious esluories in Puget Sound
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were onolyzed lor PBDEs ond other porsistent orgonic pollutonts to
provide doto on currenl levels of these compounds. Comporisons of fish

conlominont levels will be mode bosed on fish size ond sompling region
(north Sound vs. centrol Sound). These concentrolions will olso be
compored to those meosured in olher populotions o[ Pocific Northwest

iuvenile Chinook.

Persistent Orgonic Pollutonts in Horbor And Doll's
Porpoises From the lnlqnd Woters of Woshington ond
British Columbio: High Levels in Urbon Porpoises
Brod Honson *, NOAA/NA4FS/NWFSC
Jennie Bol,oo Gino Ylitolo, NOAA/NWFSC

The highly stressed stotus ol the Puget Sound ecosyslem hos resulted

from the intense urbonizotion thot hos occurred over the post 100

yeors. This woter body ond the odiocent woters of the luon de

Fuco Stroiy'Georgio Bosin continue to experience incraosing humon

populotion growth, plocing odditionol stross on the syslem. Studies on
morine mommols con provide eorly wornings obout potentiol heolth

risks ossocioted wilh chonges in the morine environment, including

contominont exposure, lo bolh these species ond humons due to their

similor life history chorocteristics, os well os their common prey items. To

provide informotion on contominont levels in o toglevel predotor from

Georgio Bosin/Puget Sound IGB/PS) region, blubber of mole horbor
ond Dolls's porpoises thot stronded in GB/PS from 1996 - 2005 were

onolyzed for POPs, including polybrominoted diphenyl ethers (PBDEs).

Concentroiions o[ PCBs in horbor porpoise ond Doll's porpoise were

similor to those previously reported in lhe some species in lhe eorly
1990s. Although the PBDE levels were, on overoge, 7 limes lower
thon concenlrotions of PCBs in these onimols, fiese flome reiordont

concentrotions levels oppeor to hove increosed by 2-3 times over levels

o[ mole porpoises sompled here in the aorly 1990s moking lhem some

o[ the highest reported in morina mommdls worldwide.

Body Condition ond Tiosue Concentrotions of Burylfins
ond Other Melols in Surf Scoter (Melonino perspicillolol
Wintering on th€ South Coost of British Columbio, Conodo
John Elliott* , Environmenl Conodo
Megon Horris, lorox Environmenbl
Lourie Wilson, Borry Snith, Suzonne Eofchelor, tim Mogvire,
Enyironmenl Conodo

From 1998 to 2001 we exomined temporol uptoke o[ contominonh by

surf scoters (Melonitto perspicillotol in tha Georgio Bosin region of lhe

Pocific coosl of Conodo. Somples wara collected during foll ond winter,

corcosses exomined, ond tissues collacted for histology, biomo*.ers,

ond contominont onolysis. Scoters lrom both Voncouver ond Victorio

horbours hod signilicondy higher hepotic concenlrotions o[ bu]yhins

thon birds from o reference site. ln odulf mole surf scolars, hepolic

butyhins increosed over the winter ol two silos (p:0.02, n:26), while
mercury increosed (p-0.03, n- 5) ond selenium decreosed ol one sile

(p:0.001, n-15). Body condition decreosed over the winter ot both

lhe lrootment site, Howe Sound (p<0.0001, n- l2), ond lhe reference

site, Boynes Sound (p-0.02, n- l5). Multi{octoriol onolysis using AIC
showed on ossociolion between hepotic bulyltin concentrolions ond

oreroll body condition lp-0.06, r=A.2371.

PBDEs ond HBCD Flome Retordonts in Eggs of Osprey ond
Double.crested Cormorqnls from Woshington ond Oregon,
2@2-2001
Chorles Henny*, Jomes Koiser, Roberl Grove U.S. Geologicol Survey,

Biologicol Resources Diyision Forest 8 Ronge/ond Ecosystem Science

Cenler
Andrei LeZov, Soheilo Shofimin, Robert tekher, Nolionol Wi/dlife
Reseorch Cenlre, Science ond Tecfinology Bronclr, Corlelon Universily

We report on the persistent ond biooccumuloiive clqsses of brominoted
flome relordonls (BFRs) known os polybrominoted diphenyl ethers

(PBDEs) ond hexobromocyclododecones (HBCDsl in 79 eggs (1 per

nest) of Osprey (Pondion holioetus) collected in 2OO2-2OO4 from
eight locotions in Woshinglon ond Oregon i.e., Seoile, WA; Everett,

WA; Yokimo River, WA; lower Columbio River (y' segments), WA/OR,
ond heodwoter reservoirs of lhe Willomette River, OR. The obieclive
of this sludy is to ossess the linkoge behreen sources of BFRs (e.g.,

locol droinoge inputs), ond thus locol food web occumulolion, ond
the occumulofion in breeding Ospreys. Ospreys ore o good indicotor
species for monitoring the heolth of lorge rivers, boys ond estuories

becouse they eot lorge [ish cought within relotively short distonces from

lheir nesls ond ore known lo be sansitive to mony biooccumulotive
pollutonts. Thus, BFR concentrolions in fieir eggs ore expected to
reflect locol conditions in oquofic food choins. We olso determined
concentrotions of these BFRs in l2 eggs of Doublecrested Cormoronls
(Pholocrocorox ouritus) from Everetl, WA, Therefore, we report specie'
specific differences in PBDE ond o.HBCD (i.e., representotive of totol-
(olHBCD) concentrotions ond BDE congener potterns {15 congeners
evoluot'ed), ond compore ond controsl concentrotions for these two
piscivorous ovion species-

Seseion l3F: Portnerships
Choir: Gord Honson

Portnerships in our Beor Tours ond our Conrervotion F6e
Chief Dorren Bloney', Homolco First Nolions

Exporting Successful Portnerships in the Georgio Bosin
Pugel Sound Region to Other Coostol Arcos Under
Pressure
Kircten Gilordi*, Josepfi Goydos, Anne Siol,z SeoDoc Sociery

Numerous orgonizolions in the Georgio Bosin Pugel Sound region
hove significontly odvonced morine stawordship by building skotegic
portnerships ocross iurisdictionol, geogrophic, ond disciplinory
boundories. Agencies ond tribol governments hove developed
ogreements; scientists ond monogors hove colloboroted on topics of
concern; ond orgonizotions hove ioined eflorts on focused issues. The

SeoDoc Society, o morine ecosystam heolth progrom ol the UC Dovis

Wildlife Heolth Center. is using its colloborotive experience ond success

in the Georgio Bosin Puget Sound to ossist olh6r coostol regions under
pressure. While orgonizotionolly bosed ot o public ocodemic instilulion,

the SeoDoc Society hos o regionol focus on tha Pocific Northwest thot
is driven by monogement needs for better scientific inlormotion, ond

supported by privole donor invesfment. This public-privole portnership
hos funded ond conducted reseorch on dozens of issues o[ concern,
hosted strotegic convenings to scientificolly oddrass pressing issues, ond
provided scientific input for decision mokers. Building on its Pocific NW
colloborotions, the SeoDoc Society is opplying lessons leorned here

to other coostol regions under pressure. Exomples include cooperolive
efforts with the Northwesl Stroits Commission to lounch o Derelict
Fishing Geor Removol Progrom in Colifornio, ond fonsboundory work
with US ond Mexicon scientists lo develop o morine ecosystem heolth
progrom on the Boio Colifornio Pocific coost

Leorning from the BC Coostol Environmenl 2OO5 Proiea
Port ll: lnformotion Gops, Proiecl Monogement
lindo Gilkeson *, Lynne Bonner, Brifish Columbio Ministry ol Environment

ln 2004, representotives from two federol ministries, two provinciol
ministries ond hiro universilies b€gon wo* on on ombitious proiect lo
report on the slote of Brilish Columbio's coostol environmenl. By fie
fime the proiecl wos complelod in 2006, over 140 people from 30
ogencies ond orgonizotions hod become involved. At the conclusion o[
the proiect o report wos produced detoiling doto ond knowledge gops
thot were found ond issues thot orose in monoging o reporting proiect

with diverse portners. ln generol, doto suitoble br use in indicolor
reporting ot the coost-wide scole wos most locking lor: ecosyslem

function ond productivity le.g., eelgross ond kelp bedl shorelines,
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sensilive ecosystems, estuories); biodiversity (e.g., invertebroles, non-

commerciol morine species); impocts o[ humon octivities ond risk to

humon heolth from environmentol conlominonls. Monogement issues

included: overseeing o rigorous, yet timely, review process for technicol
popers; communicotion methods to minimize trovel time, while reloining

close contoct for project decisions; occommodoting differences belween
portners in opprovol processes, conlroct monogement ond policies on
public releose o[ informolion.

Victorio Sewoge: o Solution Through Science ond
Portnerships
Chrrctionne Wilhelmson*, Geogio Stroit A/lionce

This presentotion will focus on lhe decodes long conlroversy regording

sewoge treolment in Viclorio, BC ond how in recent yeors il reveoled

2 imporlonl lessons: whot hoppens whan scientilic doto is nol used to

guide public policy decisions, ond how o longstonding problem con

octuolly bring opportunities.

For yeors, the effluent being dischorged into luon de Fuco Slroit wos

monitored, but the evidence o[ conlominotion wos not ocknowledged,
nor wos there ony recent independent onolysis o[ o growing body of
informotion showing thot dilution wos not o vioble long-term strotegy.

Over the post yaor thot hos chonged with tha result being o coll {rom the

public for the region to ftnolly stort oddressing fie problem ond o new

willingness by policy mokers to look for solutions.

Chonge come oher yeors ol pressure from mony sources, including
politicol ogreemenls between Woshington ond BC, medio ottention,

tourism bolrcotls ond cilizen oction. But in the end, fie solulon hos come

from the use of science, the creotion of portnerships (citizens, unions,

environmentol groups ond locol odvocotes), olong with o community
willing to look ot its problem os on opportunity.

Communilies oround the world oddress sewoge not os o motler of

disposol but os resource recovery, obtoining heot, biogos ond woter
from their sewoge. Victicrio now hos the unique opportunify to oddress
iis sewoge treotment while olso finding solutions for solid wosle disposol,

oir polluiion ond climote chonge ot the some time.

Portnerchips ond Colloborotion Don't End ot Plonning for
Ecosyslem Restorotion
Tirn Wolls*, Snohomish County
Morio Colvi, Kurt Nelso4 Tulolip Tribes of Woshington

Ecosyslem conservolion ot o londscope scole requires colloborotive
plonning omong numerous porties. Notoble exomplas include fie Yukon

to Yellowstone lnitiotive. Few exomples of successful londscope scole

restorolion efforh exist, with fewer still thot seek to rocor'er o species

colloborotively. The Snohomish River Bosin Solmon Conservotion Plon

{Plon) is on exomple of the lotter. The Plon oullines horvest, hotchery

ond hobitot octions to recover Chinook solmon. With over 85% of ofl
chonnel ond tidol morsh hobitots lost due to lond us€ proclices over

the lost century, modeling results show thot restoring the estuory is of
vitol importonce to solmonids in the bosin, with torgots sel ot resloring

1,237 ocres. Once londscope scole plonning wos compleled, portners

expeaed restorotion ot the sitesp€cific scole, where individuol portners

with iurisdictionol outhorilies would toke oction. However, to meet lhe

suite of sitespecilic ond bosin-wide gools, porlners in the Snohomish

Bosin hove found thot successlul reslorotion musl retoin these voluoble
portnerships lhrough funding, design, conslruclion ond moniloring

phoses. This presentolion will focus on the need for colloborotive
implementotion of lhe Plon in the Snohomish Bosin, using the estuoty os

o cose study - highlighting portnerships for cosl shoring ond fundroising,

the opplicotion of o hydrodynomic model to ossess individuol ond

cumulotive effecls ol reslorolion proiects, ond cooperolion on doto
colleclion ond moniloring.

Squomish Perspeclive on Portnerships
Chiel Gibby Jocob*, Squomish Notion

lndigenous troditionol knowladge - our lwo bonks mode us rrery rich

with strong heolthy tribol clons.

Before contoct we thonked the Creotor for the blessings of o heolthy

environment thol sustoined us [or thousonds of yeors.

Todoy we proy for the heolth of Mother Noture ond the species thot ore
now exlinct. we con not chonge the decisions we mode yesterdoy ond

todoy, however, we con creote heolthy environmentol decisions for the

future.

The first tree fell in WHOI WHOI, whot is known os todoy os Stonley

Pork, the resource exlroction roce wos on, to the demise of the Squomish

Notion.

ln 1906 o delegotion of our Chiefs went lo Englond ond were received

by their Moiesties King Edword Vll ond Queen Alexondro.

The commitments o[ the doy were promised, lhe heolth of lhe londs

would be protected ond our lreoty would be complete in five yeors.

The honor of the Crown is still ot stoke, subiect to the royol liduciory
obligotion.

The Squomish Notion since colonizotion hos mode meoningful efforts

towords colloborotion on enyironmentol issues ond concernl in the post

two decodes politicol will hos shihed towords collective colloborotive
ef{o*s lrom oll federol/provinciol government levels.

They ore slorting lo understond some of our inherenl woys of protecting

the heolth of the environmenl, by seeing through our eyes, they see the

heolth of thek children's grond children in o sofe cleon environmenl.

The trro bonks of the river must be protected, this is ochieved by o
holistic wotershed, wet lond ecology opprooch, i[ fie woter of the lond
is sofe ond cleon, then the woler ol your blood lhot runs through your

Yoins is sofe ond cleon.

All My Relotions,

Chief Gibby Jocob
Squomish Notion
Chief ond Council

Closing Plenory Session & Sludent Awords

The session will begin by briefly recognizing lhose sludents who
presented exceptionol technicol popers ond postrers. Students will be
enoluoted during the course of the conference.

The closing plenory will feoture ropporteurs' summories thol will
seek to provide on overview o[ the con{erence ond ottempt to set the
proceedings in o wider conlext relevont lo the Georgio Bosin Puget

Sound bioregion. The session will conclude with o trodilionol First

Notions closing.
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Poster Group l: lntegroted Assessment &
Lcndscope Scole Studies

Wotershe4Bosed Assessmenl, Modeling, ond Cleorrup of
Microbiol Pollution in o Pugel Sound Emboyment
Christopher Moy*, Eottelle Pocific Norfhwest Nofionol loborotrcry
Roberl Johnston, Puget Sound Novo I Shipyord
Volerie Cul/inon, Pocilic Northwesi Notionol Loborolory
Solly lowrence, Mindy Roberls, Woshington Deportment o( Ecology

An ossessment of lecol coliform {FC) bocteriol pollution in the
Sincloir -Dye lnlel wotershed wos conducted os port of the Proiect

ENVironmentol lnVESTment (ENWEST) being conducted by the Puget

Sound Novol Shipyord in cooperotion with the U.S. Environmentol

Proteclion Agency, Woshington Stole Deportmenl of Ecology, fie
Suquomish Tribe, Kitsop County, the City of Bremerton, lhe City of
Port Orchord, ond other locol stokeholders. The gool of this study wos
to identify microbiol pollution problems within the Sincloir-Dyes lnlet

wstershed ond lo provide o comprehensive ossessment o[ microbiol
conlominotion from oll identifioble sources in the wolershed. This

study quontilies levels o[ contominotion ond eslimoled loodings from

known sources within the wotersheds ond describes pollutonl honsport
mechonisms found in the study oreo. As porl of this study, on integroted

wolershed-receiving woter model wos developed to predict FC

pollution levels lor o wide ronge of lond-use scenorios. ln oddition, the

effectiveness of pollution prevantion ond mitigotion meosures currently

in ploce within the Sincloir-Dyes lnlet wotershed is discussed. This study

wos conducted to provide the technicol in{ormotion needed to continue
currenl woter quolity cleonup efforts ond to help implement fulure efforts
lo protecl ond reslore benaficiol uses such os shellfish horvesting ond
recreotion.

An Assessment of Fecol Colilorm Bqterio in the Sincloir/
Dyes lnlet Wotershed, Puget Sound, Wo, USA
Christopher Moy*, Eoffelle Poclic Norlhwest Notionol toborolory
Robert Johnsto4 Spoce ond Norol Wolore Sysfems Cenler
Brion Sko6ill, Army Corps of Engineen
Solly lowrence Woshington Deportment of Ecology
Mindy Roberl5 Wosfiington Deportmenl of Ecology
PF Wong, Spoce ond Novol Worfore Systems Center
Geny Sherrell, Pugel Sound Novol Sfripyord
Dwigh, leis,e, Pugel Sound Novol Shipyord
John Keiss, Kitsop County Heolrt Dislrict
Ihomos Oslrom, Suguomish Tribe

An ossessment of fecol coliform (FC) bocterio sources ond pothwoys

in the Sincloiy'Dyes Inlet wolershed wos conducted os port of the
Project ENVironmentol lnVESTment (ENWESTI being conducted by the

Puget Sound Novol Shipyord & lntermediota Mointenonce Focilily in

cooperotion with the U.S. Environmentol Protsction Agency, Woshington

Stote Deportment of Ecology, the Suquomish Tribe, Kitsop Counry
the City ol Bremerlon, ond other locol stokeholders. The study found
numerous sources of FC pollution in the wotershed ond multiple modes

of FC tronsport from sourc€s to receiving woters ond shellfilh growing

oreos. ln generol, exceeding woter quolity slondords were more likely

in urbonizing slreoms served by slormwoter infrostruclure, in more

developed wotershed droinoge oreos, in oreos served by older sewer
infroslructure or onsite wostewoter lreotment (seplicI systems, ond were

olso more likely following moior storm events. Elevoted neorshore tC
levels oppeored to be locolized ond persist lor only o short period
of time ofter storm events or during extended periods o[ roinfoll. The

relotionship berween FC pollution ond lond-use showed thot the loss

o[ nolurol forest cover ond the increose in impervious surfoces were

ossocioied with hlgher FC contominotion. An integroted wotershed-

receiving woter model developed during this proiect is being used to

simulola criticol condifions ond priorilize octions thot will provide the
most effective wolerquolity benefits,

Trends in Mognitude, Distribution, ond Coherence of
Aerosol Concentrotions Over the British Columbio Lower
Moinlond
Seon Fleming *, Erwironment Conodo

We perlormad explorolory onolyses of inholoble porliculote motler

IPM l0) over the lower Froser Volley, employing seven monitoring
stotions with racord lengths greoter thon 10 yeors. We lirst considered

spotiotemporol potlerns in onnuol overoge August-Sept'ember

concentrotions. Yeorly meons generolly increosed unvolley, showed
decreosing temporol trends except for Surrey, ond exhibited strong

interonnuol correlotion beh,veen slotions with the portiol exceplion o[
Richmond. We then performed empiricol orthogonol function (EOF)

onolyses independently for eoch yeor using doily meon August

September doto, ond considered yeor-loyeor chonges in the leoding
EOF mode. The leoding mode indicoled very skong doily-scole regionol
coherence with the porliol exceplion of Richmond, ond showed posilive

long{erm temporol hends both in p€rcenl vorionce exploined, ond in
lhe loodings for oll stotions but Surrey, Thot is, regionol coordinolion
of doily PM l0 voriqtions is high, ond genarolly increosing. The overoll
trend results presumobly reflect chonges in emissions levels ond their

spotiotemporol uniformily, ond/or chonges in mesoscole meteorology,

which serves to modulote ond diskibute oerosols. The portiol dacoupling
of Richmond porticulole motter voriobility might reflect physiochemicol

eflecls qssocioted with close proximify to ]he open morine environmenl,

ond onomolous long+arm trends ot Surrey might be ossocioted with very

lorge locol-scole populotion increoses.

Seorching for Born Swollow Foll Premigrotory R.oosts with
Doppler Rodor
Eruce Cousens *, Georgio Bosin Ecologicol Assessmenl ond Reslorofion

Society

Doppler weother service rodor (WSR-88/D or NEXRAD) imoges from

20 west coost weothar rodor stoiions, posted to the lnternet ot 5-10
min. intervols, were monilored ol down doily between mid Augusl ond
lote October 2006 to seorch western North Americo wost of the Rocky

Mountoins from southern Brilish Columbio to the Colifornio-Mexico
border for evidence of weslern Purple Mortin, Trea ond Born Swollow
lote summer i foll premigrotory roosts. These members o[ the swollow
fomily ore known to form very lorge single or mixed species roosls ol
the end of the breeding seoson thot con persi$ for up to 8-10 weel,s,

moy conloin lens to hundreds of thousonds o[ birds ond produce o
chorocteristic exponding ring "signoture" on weother rodor during pre-

down dispersol. This seorch locoted o very lorge predominon y Born

Swollow roost complex (up lo 6 roost sites) neor Doyton, Oregon, in
the Willomette River volley south of Portlond thol is known locolly to
hove occurred in corn fields there eoch foll lor the post 8 yeors but hos

nol been documented previously ond moy conloin much of the PNW
populotion. Anolher lorge roost complex opporently olso contoining
Born ond Tree Swollows wos locoted neor Yumo, Arizono, but nol
ground checked. Severol other smoller roost sites probobly contoining
swollow species were olso found olong this volley flywoy eost of fte
Coost Ronge. Possible implicotions for swollow species [oll migrotion in

weslern North Amarico ore discussed.

Morine Geohozords ond Hobitot in the Conodo/US
Tronsboundory Region ol Georgio Bosin
Voughn Borrb", Geologicol Survey of Conodo
Gory Greene, Moss londing Morine loborotories
Kim Picord, Geologicol Survey of Conqdo

A multibeom bothymetric swoth-rnopping progrom in lhe tronsboundory
region of Georgio Bosin (southern Shoit of Georgio, Gulf lslonds ond

Son Juon Islondsl hos provided o 5 m resolution mop of the seobed.
Numerous geologicol feotures of the bosin, some of which con be
considered geohozords, ore cleorly defined. During the Olympio
interglociol period most o[ the bosin wos filled with sediment ond then

ao



subsequenlly excovoted during lhe Froser Glociolion, excepl for o
group of isoloted bonks. The southern bosin hos been portiolly Iilled
with ihe progroding Froser River Delto during the Holocene. Active
loults, slope stobility feotures, gos pockmorks, ond very lorge migroting

sedimentory bedformr, in o region ol signiliconl seismicily, ore hozords
thol exist in this region of ropidly growing populolion ond infrostructure.

The complex, rugged morphology of tha seofloor, the result of the
glociol history ond dynomic oceonogrophy, prwides criticol hobitot
to morine species ond for the development of unique hobitots, such os
smoll sponge reefs.

Lorge River Hobiot Assessmenl ond lnterpretotion of
Altered Condirions on lhe Broided Reoch, Skykomish River,
WA
Fronk Leonelti, Michoel Rustoy, Andrew Hoos", L. Ted Porker, Suzonne
Brunzell Robed Aldrich, Snofromish Counly

The Skykomish River, WA hos creoted some of the best hobitot in

the Snohomish River bosin for ESA-listed Chinook solmon ond other
solmonids. As grodient decreoses, volley conftnement becomes less, ond

sediment occumulotes os new bedforms, o dynomic chonnel known os

the Broided Reoch forms. For fiis study, we developed ond implemented
o physicol hobitot survey lor lorge rivers supporled by GPS, photo
intsrpretotion, ond o LIDAR DEM oll in o GIS to describe ond evoluote
the voriobility in curre hobitot condilions. lnlerprelotion o[ lhese
results bosed on o geomorphologicol onolysir (componion sludy) of
the Broided Reoch indicotes limits lo chonnel migrotion Ionthropogenic
ond noturol) conforms moinstem hobitot unit chorocleristics omong
reoches. Only within one reoch with high octive sediment storogo

ond releose from floodploin constroint do high quolity side chonnels
persist. Apporent omong*eoch differences in LWD obundonce ore
octuolly negligible bosed on wood looding (#,/m2). We conclude
one degroded reoch hos become functionolly more similor to oreos

upstreom, whereos hisloricolly wos likely more similor to downskeom
segments. Bosed on this hypothesis, moinstem ond side chonnel hobitot
losses ore lorge both in terms o[ totol length lost, diversity of hobitot
types ond hobitot unit complexity. Understonding relotionships between
hobitol condilions ol the reoch scole ond explonotory loctors is criticol
lo ossess risk ond pose oclions for proteclion ond reslorolion

lond Use in the Conodion Portions Of Two Tronsboundory
Wotersheds, Bertrond Creek ond Fislrtrop Creek
Steplonie Koo/e *, Koren Stee nsmo, Trinity Western Universily

Within the Froser Volley, pressures resul ng from continuol urbonizotion
ore oflacting the heolth of mony locol streoms. This study exomined two
fonsboundory creeks, Bertrond (Township of Longley) ond Fishtrop

lCity ol Abbotsford), with heodwoters locoted in oreos thot hove

experienced ropid urbon development. With the help of o geogrophic
informotion system, lond use potterns within these two wotersheds
were exomined, providing importonl informotion concerning post ond

current levels o[ developmenl. Additionolly, eoch lond use cotegory
wos linked with o percent eflective impervious oreo (ElA] ond the totol

percent EIA for eoch wqtershed wos colculoted. This knowledga of the

overoll wotershed heolth hos voluoble implicotions os on increose in

urbonizotion moy resuh in more frequenl flood domoge downslreom

ond degroded fish hobitot. The proiect involved on onolysis of tha lond

use chonges within the Conodion portion ol these wotarsheds ond is

port of o lorger proiect estoblishing o comprehensive view of the two

wotersheds in Conodo ond the United Stotes. The results of this study

will conkibute to o more holistic understonding of whot is occurring

in these wotersheds ond will be considered in luture development or
conservolion proposols.

A Nurrient Budget for o lorge, Oligotrophic Loke in the
Olympic Notionol Pork.
Patnck Moron*, Steve Cox, US Geologicol Survey
Sl,eve Frodftin, Olympic Nolionol Po*

A mulli-yeor effort hos begun by the US Geologicol Survey ond
the Olympic Notionol Pork to develop o nutrient budgel for o lorge
oligotrophic loke on lhe Olympic Peninsulo. loke Crescent is on ]8 km

long oligotrophlc to ultrooligotrophic loke covering 1,880 hectores naor

fie northern border of lhe Olympic Notionol Pork. Despite its trophic

slolus, concerns over increosed olgol growth, especiolly in the loke
outlel or Lyre River, hove spurred the davelopment of o nutrieni budget.
Unique, costelfective melhods ore being opplied os precipitotion,
surfoce woleq septic fields ond groundwoter ore eoch being evoluoted

for low level nukients (os Nitrogen ond Phosphorous) with detection
limits in the 'l-10 ppb ronga. Concentrotions ond loods from eoch ol
lhese sources will be estimoted; however nulrients ore consistently below
iho d6iection limits in both fie loke ond oullet river. Two lorge | 1.5-2 m)

sediment cores from the loke bottom hove been collected ond ore being
evoluoled for sedimentotion rotes, nuhient buriol, ond shifts in diotom

communities. The chollenges ol evoluoting productivity os o nulrient
concenlrotion surrogole in lhe presence o[ oquotic mocrophyles will
olso be discussed. Such bosic leorning oboui o wotershed will ollow the
pursuit of multiple lulure reseorch questions ond will provide monogers

with rotios ond trends in onthropogenic to nononthropogenic nuhienl

sources.

An Evoluotion of Air Pollution Modeling Approoches to
Assess Exporure to Air Pollution During Pregnoncy
Elizobe$ Netfrery*, Soro leckie, Michoel Brouer, School oI
Occupotionol ond Environmentol Hygiene, Univercity of Btitisfi Columbio

Accurole ossessment of exposure to oir pollution ot the populotion level

is difficult ond generolly done using modeling. This work evoluotes the

modeling used {or o cohort study of the relotionship between exposure
to koffic$osed oir pollutonts during pregnoncy ond odverse birth
outcomes. Modeling opprooches used were l1 | ombienl monitoring
network estimotes ond (2) o lond-use regrassion (LUR| model ot lhe
geocoded home postol codes o[ the women. Ambient monitoring
networks reflect temporol voriobility in exposure bul ore limited for
detecling spotiol voriobility ot neighborhood scoles. Stotions ore
locoted inlermittently throughout the study 169ion ond individuols moy
live close to or very for from o sto]ion. [UR modeling uses geogrophic
informotion to construcl on exposure surfoce thot hos high spotiol
voriobility but only rough temporol voriotion. To ewluote these

opprooches, we compored meosured 1y'8-hour personol monitoring

of NO, NO2) ond modeled exposures {or o somple of 62 pregnont

women. Results suggesi thot either modeling method is comporoble
to personol monitoring with odiustmenl for home gos stove, for NO
only. Combining model estimotes {rom bolh ombienl monitoring ond
LUR further improves predictive models- We conclude fiot both spotiol
ond iemporol voriobility ore importont ond ore coplured seporotely in

pollution modeling. These resulls indicote lhot exposure clossificotion o[
lhis populotion using modeling is oppropriote for NO but not NO2.

The lnvertebrote Connections Trocing the Volue of Food
Subsidies from Fishless Heodwolerc lo Downstreom Fish

Populotions.
Ayo Reiss 

*, John Richordson, University of British Columb;o

Resource flows ocross ecosystem boundories [orm significont linkoges

between conkibu ng ond recipienl ecosyslems. In porticulor, spotiol
subsidies hove often resulted in slrong increoses in recipient populolion
productivity ond overoll chonges in consumer{esource dynomics.
The role o[ invertebrote subsidies from fishless heodwoter streoms lo
downstreom fish-beoring reoches wos invesligoted in two ports. First, o
lorge-scole survey of thirty.{our streoms ossessed lhe seosonol ond lond-
use induced chonges in obundonce ond biomoss of invertebrote drifl
from contributing upstreom ecosyslems. Secondly, we experimentolly
monipuloted the rote of lerrestriol invertebrote inputs to tesl whether
the recipient ecosystem - cutthroot troul growth i could respond to
such subsidies. Preliminory results show higher subsidies from older

!
oo
{
m
7
Tv
Flo
FI
zJ
T
-o
z
(n



o
Z
o
-Ftz
Iilo
UIt
0.
tr
Id
F
m
o
!.

heodwoter slreoms in comporison lo coniferous ones. turlher, we see

o positive response of cutthroot hout growth to increosed subsidies.

By determining the exlent to which cuflhrool lrout occrue filness

benefils lrom experimentol heodwoter inputs, we con link overoll trout
response to noturol voriotion in drih. Fishless heodwoter streoms hove
the potentiol to contribute o signilicont portion of the cutthroot trout
diet. Estoblishing o firm connection between fish fitness ond heodwoter
subsidies will provide o foundolion for monogement of fiese currently
unprotected oreos.

Differences in Food Web Connecivity Across lntertidol
Grqdients in Emboyment ond Fluviol Dominoted Estuories
Emily Howe*, Chorles (Sif Simenslod University of Woshington

Despite suggestions thot extensive mixing ond lorgescole honsport
of orgonic motler occurs within esluorine syslems ond ocross fluviol-
esluorine{ooslol ecolones (Teol 1962, Odum 1980), more recent
evidence in dekitusbosed food web syslems hos shown strong grodients
in the sources of orgonic motter ossimiloted by consumers ocross

diverse fluviole sluorinecooslol oceon scoles (Pelerson et ol. 1985,
1986, Deegon ond Gorritt l99Z McMohon et ol. 2005). These

emerging results chollenge our prior concepts of the scole o[ food web
connections ocross lhe lond morgin. We propose to evoluote {ood

web connectivity in two conlrosting estuorine systems (o pulsed fluviol
system ond o non-fluviol emboyment] by describing the spotiol extent to
which ecosystem"specific orgonic molter supporls estuorine consumers

ocross ecolones. Givon thot ecotones ore distinguished by the shength

of lhe inleroctions betwsen odiocent ecologicol syslems, ond therelore

con occur ot o brood or fine spotiol scole (Risser 1990), we will
evoluole the strengths ond lengths of food web connections ocross
estuorine ecotones using multiple stoble isotopes to troce connections
belween consumer orgonisms ond primory producers. The spotiol ond
temporol context within which we propose to quontit food web source

connections will strenglhen our current understonding of the relotionship
between scolas o[ food web connectivity ond londscope scole feotures.

lntegroted londscope Monitoring in the Puget Sound
Lioro Llewellyn*, University ol Woshington College of Foresl Resources

Cfiristrbn lorgersen, U.S. Geologicol Survey - Eiologicol Resources

Guy Gellenboum, U.S. Geologicol Su rvey - Geology
Mork Munn, U.S. Geologicol Survey - Woler Resources

Vwion Queil'o U.S. Geologicol Survey . Geogrophy

An inlerdisciplinory consortium is developing conceptuol opprooches
Ior detecting, understonding, ond predicting the effects of londscope
chonge on freshwoter, morine, esluorine, ond ierrestriol ecosystems in

the Puget Sound. The implemenlotion teom led by the U.S. Geologicol
Survey {USGS) consists o[ reseorchers ond noturol resource monogers
ot city, county, Stote, ond Federol levels in the Puget Sound. Conceptuol
models of the effects o[ londscope chonge on Puget Sound ecosystems

will be developed lhot describe the components of londscope struclure
ond relota thsse potterns to ecologicol function. Conceptuol models
will be used to identify monitoring needed lo meosure ond eyoluote
potentiol indicotors o[ londscope condilion ot scoles necessory to inform
monogement issues ond proclices. Over time, the findings of this pilot
proiect will be opplied ond tested on other londscopes throughout
the United Stotes so thot our obility to deliv€r integroled londscope
monitoring ocross the North Americon londscope will be enhonced. By

linking opprooches to londscope monitoring employed by multiple lond
monogement ogBncies, this proiect oims to bridge the gop behreen
locol moniloring afforts ond ragionol sotellite$osed mopping proiects
ond thereby focilitola the datection ond pradiaion of brood-scole humon

impocls on oquotic ond lerreslriol ecosystems.

Yet Another Effect of Urbonizotion6nulrients lrom
Terrestiol Orgonic Motfer in Smoll Sreoms
Mindy Roberh*, Derek 8ooth, University of Woshinglon, Deporlmenl ol
Civil ond Environmen lol Engineering

Bob Bilby, Weyerhoeuser Co.

Urbonizotion offects freshwoter ond morine systems by oltering one
or more of five foctors lhot include flow regime, woter quolily, hobitot,
energy regimes, ond biotic interoctions. This study evoluoted the effects
of urbonizotion on terreslriol orgonic molter from riporion vegetotion.
The study quonlified chonges to the timing ond quontity of nutrienls to
smoll $reoms os well os orgonic moller tronsport ond decomposition
within smoll streoms with oltered physicol, chemicol, ond biologicol
processes. Historicolly lhe chonge from conifer to deciduous trees in the
riporion zone oltered the omount ond timing of orgonic motter inputs,

while complete removol of riporion lrees depleles orgonic motler inputs.

Urbon streoms in porliculor tronsport orgonic motter forthet limiting
ovoilobility for mocroinvertebrote ond microbiol processing thot moy
otherwise buffer increosing nutrienl levels- Finolly, red older leoves
decompose loster in urbon slreoms, olthough the effecls o[ flooding ond
solmon redd conslruction in ony given yeor con oyerwhelm meosuroble
the elfecls of urbonizotion. Urbonizolion does oller the inputs, tronspo]t,
ond decomposition of orgonic motter in smoll sreoms, however, which
likely offect long-term nutrient delivery to downstraom woter bodies like
Puget Sound. This reseorch wos lunded by o gront from lhe Puget Sound

Action Teom ond EPA Region X.

lntegroted Fromework of Urbonizotion, Neorshore
Ecosystem ond Humon Heqhh lnteroctions
Donie/e Spironde/li*, Liso Younglove, Morcie Demmy-Bidwell, Morino
Alberh, Kelly Foy, Cfrrisfino Drew. NoncyJudd Eloine Foustmon,

Universily of Woshington

The Woshington Stote Shoreline Monogement Act (2003) requires
shoreline monogers to consid6r interoclions omong urbonizotion,
oceon/rivey'estuory systems ond humon heohh when developing
shoreline monogement plons. Although significont progress hos been
mode in modeling londscope chonge ossocioled with urbonizotion,
humon exposures ossocioted with risks, ond neor shore ecosystrem

processet locol ond regionol governments ore chollanged with
linking these modeling efforts to onswer qusslions relevont lo shoreline
monogement ond plonning. This posler presonts on integroted

ossessment ond monogement fromework which synthesizes scienfific ond
expert knowledge gothered through shuctured interviews of scientists

ond shoreline plonners. Aftar presenling o description of the fromework
ond its opplicotion in the plonning process, wa demonstrote how the
fromework hos been used to generote o dotobose of doto sources ond
lhree cose studies to show the opplicobility of the lromework to three
shoreline problems: PCBs, hormful olgol blooms ond low disrclved
oxygen.

lntegrotion of Ecologicol Rirk Assessment ond the Gop
Anolysis Proiect to Assess Risk to Smolt Production in
Developed Woterrhods
lourel A. Kominski*, Jessico A. Ellis, Wayne G. londil Western

Woshington Universily

Historicolly, smoll slreoms of North Puget Sound hove provided
importont solmonid hobitot. In our study oreo, smoll wotersheds hove

been oltered by development. Effeclive monogement of solmon hobitot
requires methods for ossessing the impocts of this development. We
sludied seven smoll wotersheds in Whotcom County, Woshington, eoch
vorying in size ond ronge of onthropogenic disturbonce. We combined
ecologicol risk ossessmenl with the USGS Gop Anolysis Proiect IGAP)
methodology to ossess risks to solmonid smolt production. GAP hobitot
clossificotion wos used in combinotion with lond cover doto ond
sources of potenliol slrossors. Wa used doto from smoll trops to identify
potterns belween the reoring copocity of the sireom ond lond cover in

lhe wolershed. Smolt dolo were ovoiloble {or eoch sheom, however
no relotionship between production ond londscope chorocteristics wos
found. Due to the inherent voriobility of solmon runs ond lock of long
lerm sompling doto, it wos not possible to determine if correlotions exist.a2



This project hos implicotions for the structure o[ future hqbitot utilizotion
ossessmenls. Despite doto limitotionl lhe combinotion o[ risk ossessment

ond GAP provided insight into the risks to solmon production in $e study
oreo, ond this method is opplicoble fo other regions.

Ecologicol Risk Assessment of the lnterior Londscope
Anolysis System Proiect Areo (lNLASl: A Pilot Study.
Suzonne Anderson *. Soroh Cfiristensen, April Morkiewicz, Woyne
londis, Western Woshingf,on Universily

An ecologicol risk ossessment {ERA) is being conducted in portnership

with the United Stotes Forest Service in lhe lnterior londscope
Anolysis System Proiecl {INLAS} oreo in the Upper Gronde Ronde

sub-bosin of eostern Oregon. The Problem tormulotion phose hos

iust been completed in which sources of slressors, stressors, hobitots
ond ossessmenl endpoints were identified. A conceptuol model wos

constructed showing the exposure ond eflect pothwoys linking the
sources ond stressors to the hobilots ond ossessmeni endpoints. Risk

regions were olso identified using Hydrologicol Unit Code(s) (HUCs)

ond GlS. ln the Anolysis Phose the compiled doto will be used to ossign

risk ronks to the sources, slressors, ond hobitots. The Relolive Risk Model
will then be used during the Risk Choroclerizotion Phose to colculote
fie relotive risks lor eoch source, stressor, hobilot, ond endpoint for
eoch risk region- The overoll monogemenl gool lor 6e INIAS region is

to ochieve on historic ronge of voriobility IHRV) ond to use the HRV to
monoge for other endpoints such os onodromous fish hobitoq invosive

species, insect oulbreoks ond loresl resources. The results of this sfudy

should provida o model with uses throughout the Georgio Bosin lor
forest monogement in oreos offecled by similor issues.

Poster Group 2: lnvosivc ond Recoyering Species

Updote on Purple Mortin Stewordship ond Recovery in
British Columbio,2OOS
J. Chorlene tee *, Bruce Cousens, Georgio Bosin Ecologicol Assessmenl

ond Restorolion Society
Louro M. Dorling, Porks ond Protected Areos Bronch, BC Min. of
Environment
J. Con Finloy, Thomos W. Gillespie, lndependeni, Wctorio, BC

The western Purple Morlin (Progne subis orboricolo Behle 1968) is

Bluelisted {until recently RedJisted} in Brilish Columbio ond o Species
o[ Speciol Concern firoughout its breeding ronge in Woshington,
Oregon ond Colifornio. These designolions were ossigned becouse
of severe rongewide populolion declines in the mi41900s resulting
from ongoing loss of covity nesling opportunilies both in lhe wild ond
in cilies ond seyere compelition for nesl covities from two inkoduced

bird species, Europeon Storlings ond House Sporrows. The populotion

hos rebounded from 5 known breeding poirs nesting in offshore pilings

ot 2.3 sitss within BC in 1985 to over 600 poirs in 2006, with on
unprecedenled tripling in the post 3 yeors, entirely os o result o[ nest

boxes built, erected, monilored ond mointoined moinly by volunleers ot
-60 morine coostol locotions. This highly successful recovery progrom

now includes 45 occupied nesting colonies ond I5 unoccupied

nest box sites distributed throughout the Georgio Bosin, involving o
lotol of - 1200 nest boxes, plus 100 nesl boxes ot 20 fresh woter
sites (one occupied). This progrom could nol be mointoined over this

lorge geogrophic oreo without the ongoing dedicotion ond support

of 130+ volunteer stewords ond ossistonh ond support from mony

locol businesses, sponsors ond funding orgonizotions. Success o[ this

recoyery efforl ond costs o[ co-ordinoling ond implementing the onnuol

slewordship progrom ore documenled ond discussed.

Whcre's the Point - Detoils of o Lorge-Scole lnter-Agency
Sqlmon Holchery Releose Mopping Proiec in rhe Pocific

Northwest
Andrew Albough', Jel{rey Cowen, Northwest Fisheries Science Cenler,
N ,1FS

To oid in the recovery of Threotened ond Endongerad Pociffc Norlhwesl
solmon populotions, we ol NMFS Northwest Fisheries Science Cenler
hove devaloped o geospotiol dobbose to house o wide orroy of
solmon reloled doto. One key component o[ the dotobose, developed
in cooperotion with severol stote, federol, ond tribol ogancies, is o
module to coptura ond disploy ogency doto on ortificiol propogotion
operotions (hotcheries). One chollenge of this endeovor wos

stondordizing the ogencies' diverse methods of documenting hotchery

releose locotions. There were roughly 40,000 records submitted with
obout 8,500 unique locolions provided os norrotive lext or o streom

nome. Mopping these locotions {rom this limited inlormotion required the

development o[ tools for the ArcGlS softwore anvironmenl. The result is

o comporolively occurote ond highly useful disploy of hotchery releose
poinls ond spowning evenls presented in o spotiolly rigorous form. ln

turn, this spotiol doto con be coupled with other solmon doto within
the dotobose, such os noturol obundonce. A moior benefit from our

opprooch is thot it will gront oll ogencies occess lo o centrol locotion,
through o web-bosed interfoce, where they con downlood solmon

reloted doto. We foresee this mopping effort, coordinoted with our
dotobose developmenl os o whole, becoming o vitol tool for policy ond
decision mokers wiih regords to Endongered Species Act stolus updotes
for these solmon populotions.

Chinese Mitlen Crobs lEriochier Sinenrirf ond Pugel
Sound; Developing Early Detection ond Ropid Response

Tools for sn Unwonted Aquotic Nuisonce Species.
Robyn Droheim, Steven Wells *, Porf/ond Store Unwersrty

Puget Sound Georgio Bosin is ot risk for inkoduction ond estoblishment
of Chinese mitten crobs (Eriocheir sinensis). Recent discoveries in St.

lowrence Seowoy ond Chesopeoke Boy hove ogoin roised concerns
obout this oquotic invoder ond its risk to $e Pocific Northwest. Work ot
Portlond Stote University suggests thot lorge sbble estuories, such os

Puget Sound, loce the greolest risk. lf mitten crobs become estoblished,
they ore expecled lo proliferote in Puget Sound due to optimol
temperoture ond solinity regimes for lorvol survivol ond flushing times

of sufficient durotion for lorvol development wilhin the estuory. With o

welLestoblished populolion in the Son Froncisco Boy ond the potentiol
[or introductions lrom Colifornio, the Eost Coost, Asio ond Europe, the
potentiol for introduction of mitten crobs into Pugel Sound is signiftcont.
While mony inkoduction pothwoys hove been oddressed, the risk ol
o miiien crob inlroducion hos not been eliminoled. Eorly detection
ond ropid response remoin lhe best monogemenl tools ovoiloble to
reduce the risk o[ economic ond ecologicol impocts of mifen crobs in

the Pocific Northwest. Given the size of Puget Sound Georgio Bosin,

the development of elleclive outreoch lools ond o network of volunteer
monitors ore cruciol to lhe success of ony eorly detection ropid response
proiect. As mitten crobs ore only one of mony nuisonce species

of concern lhese efforts must be developed so thot they integrote

seomlessly with axisting proiects,

Species of Concern within the Georgio Bosin Puget Sound
Morine Ecosystem: Chonges Irom 2002 to 2006
Nicholos Erown *, Joseph Goydos, SeoDoc Society, UC Dovis Wildlife
Heoltfi Center

Species o[ concern ore notiye species, subspecies or ecologicolly
significont units thot worront speciol otlention to ensure their

conservotion. Wilhin the Georgio Bosin Puget Sound morins ecosystem,

6e Province o[ Brilish Columbio, the S]otre of Woshington, the Conodion
Federol Go'rernment, ond the Uniled Slotes Fedarol Gonernment eoch

ossess which species require speciol iniliotives to 6nsur6 protection ond

survivol of the populotion. As o[ Seplember '1, 2006, 64 species of
concern were listed by one or more iurisdiction in lhe Georgio Bosin

Puget Sound morine ecosyslem. Eoch iurisdiction undereslimoted the

totol number of species o[ concern within the entire morine ecosystem.

Since 2002 when on ecosystenrbosed list o[ species o[ concern
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wos Iirst compiled, the number o[ species ol concern hos slowly

odvonced hom 60 species in 2OO2, to 63 in 2004 to 64 species

but the percentoge of lotol specias listed by eoch iurisdiction hos not

oltered significontly. Using unpublished doto on species richness [or
the ecosyslem, opproximotely 0.1% of invertebrotes l3/3OOOl, 12% oI
lishes 127 /2191, l9% of birds 124/1?81 ond 45'/.l9/2Ol of mommols

thot utilize the Georgio Bosin Puget Sound morine wqlers ore listed

by one or more lurisdiction os species o[ concern. This is concerning

ond suggeslive of ecosystem decoy. ln light of projected humon

populotion growth in the region, ellorls need to be enhonced to mora

ropidly oddress regionol species declines ond to institute multi-species

ecosystem-bosed solutions where possible.

Chorocerizing Zooplonkton Communities in lhe Bollost
Woter of Ships Frequenling Voncouver Horbour, British
Columbio
Donold Hunphrey*, Cloudio Di9occo, University of British Colurnbio
Colin levings, Frsfieries ond Oceons Conodo

The Conodion Aquotic lnvosive Species Network (CAlSNl hos been

estoblished lo ossess veclors of dispersol for oquolic invosive species

(AlS), Ioctors focilitoting successful invosions ond ossocioled risks 1o

notive communilies. Bollost woter hos be6n idenfilied os o principol
tronsport vector for AIS introductions ond potentiol threol to the

indigenous communities of the Stroit o[ G€orgio (SoG] due to the high

concentrotion of commerciol ships thol lrequenl the oreo. This study

exomines bollort woler os o tronsport wctor for AIS into Voncouver
Horbour. While monogement slroisgies such os midoceon exchonge
(MOE) hove been implemented to prevanl such introductions, the

exemption of some inlroroostol ships moy still pose o significont vector

of AIS introductions. This presentotion will discuss the eorly results of
ship boord studies exomining the zooplonkton communily composition
in ships entering Voncouver Horbour. Comporisons of zooplonkton
communities oboord ships corrying exchonged ond unexchonged

bollost woter will provide on ossessment of MOE prolocols for BC.

Future reseorch will inyestigote zooplonkton survivorship during tronsit

ond discriminote belween ocbol ond effective propogule pressure by

exomining the obility of species to tolerote physico<hemicol conditions

o[ receiving woters. Uhimotely, we hope to goin o better understonding

of which life history troits of orgonisms chorocterize ond focilible tha

successful estoblishment of AIS in the SoG.

Non Notive Bivolves in the Stroit of Georgio
Tino Lun*, A,lonico A. Brovo, Universily ol Eritish Columbio
fhomos I4l Therrioult, Glen Jomieson, Depotlmenl of Fisheries ond
Oceons Conodo, Pocific Eiologico/ Stotioa Nonoimo, 8C Conodo
Cloudio DiBocco, Universily o[ Brilish Columbio, Eorffi & Oceon

Sciences

Aquotic invosive species [AlS) con offect notive environments by
oltering ecologicol relotionships omong notive species, disturbing

ecosystem [unclions, ond possibly chonging the volue of the economy

wilhin these ecosystems. The Shoight of Georgio (SoG) is o rich ond

productive ecosystem, lhot is economicolly importont becouse of its
seofood production, moritime industries, ond recreotionol opportunities.
Howaner, these economic ond recreotionol oclivities represent polenliol

vectors for AIS tronsport thot moka the SoG vulneroble to invosions. The

SoG is currently inhobited by numerous non notive species, but becouse

very few ecologicol surveys hove been conducled on occurole number

of estoblished species hos not been delermined. During the summer ol
2006 o lorge scole intertidol survey wos conducled on the eosl coost

o[ Voncower lslond (from Victorio to Compbell River] lo determine the

distribution ond obundonce of non notive bivolves. Sompling sites w6re

selected to include o wide voriety o[ environmenb (e.g., hord & soft

bottoms, exposed & shehered) os well os oreos thought to represenl o
grodient of humon impocts (e.g., nutrient looding, fresh woter runo[f).

Foctors influencing the 6stoblishment ond distribufion of these bivolves

will be discussed. Understonding the environmenlol ond onlhropogenic

foctors ossociobd with hobitots chorocterized by estoblished non nolive

species moy prove useful in identifying olher locotions susceplible to

biologicol invosions.

Woslcoost Domestic Bollost Woter Regulolions: ls 5O Miles
Enough?
Nisso Ferm 

*, Jeffery Cordell, Terrie Klinger, University ol Woshinglon

The spreod of non-indigenous oquotic orgonisms hos become o serious

domestic issue. h is known thot bollost woter is o moior vector for lhe

tronsport of these orgonisms. The wesl coosl of lhe conlin6ntol United

Stotes hos the mosl invoded oquotic environment, Son Froncisco boy.
ln order to mitigote the risk of non-indigenous orgonisms tronsported

through bollost woter, regulotions hove been enocted in the stotes

of Woshington, Oregon ond Colifornio requiring domestic vessels

tronsiting from one 5tote to onother performs on open oceon exchonge

50 miles off shore. ls lifiy miles oceonic enough for exchonge? ll hos

been deboted whelher this distonce is oppropriole; due to the complex
micro scole oceonic processes ond coostol mesozooplonkton dispersol
potterns thot occur wiAin the filty mile zone. The study is conducting
tronsects from Long Beoch, CA to the Stroights ofJuon de Fuco,WA thot

go from zero to eighty nouticol miles offshore. Toking line (80um) ond

coorse (303um) zooplonkton tows ol oren inlervols. Mesozooplonkton
will be enumeroted ond identified to species when possible ond

colegorized os oceonic, cooslol, or cosmopolitron. lt is hoped thot this

will elucidole whether domestic bollost woler regulotions on the west

coosl of lhe continentol Unilad Stotes do enough lo reduce the spreod

of nonindigenous ond coostol mesozooplonkton with in it.

Non-lndigenous Zooplonkton in Ships Entering Puget
Soundl Does Mid-Ocaon Exchonge Rcduce Risk?
Je$ery Cordell", Nisso ferm, Russel Herwg, University of Woshingl,on

Io evoluole potentiol rlsk posed by bollost woter introduced non-

indigenous species (NlS), we sompled zooplonkton in 246 ships in

Puget Sound. Toxo were clossified into o potentiolly high risk group of
known NIS plus cooslol orgonisms in bollost from regions other thon lhe

NE Pocific, ond o low risk group ol oceonic species. Most of the ships

reported o midoceon bollost woler exchonge (MOE). Howwer, despite

opporent complionce with regulotions requiring MOE, we found high

densities ond percentoges of NIS ond coostol species in sompled ships.

Exchonge efficiency models ond controlled experiments with beforeond-
ofier MOE sompling hove shown thol MOE is effective for zooplonk]on,
but we found lhot MOE os procticed probobly does lilde to reduce the

inlroduction of plonktonic NIS to Puget Sound. Possible reosons ore thot

MOE wos reported but not conducted, or conducted incompletely, or
thol it is ineffectlve for some ship types or bollosl tonk configurolions. ln

our results, both NIS ond cooslol toxo were consistently ond signiffcontly
more obundont from domeslic trips dominoted by tonk ships corrying
bollost lrom Colifornio, ond lower lrom contoiner ships ond bulk corriers
with bollost from Asio. High NIS obundonce olso occurred in o few
somples from other sources on the west coost o[ North Americo. These

findings ore probobly o result of dense ond diverse NIS ossembloges
presenl in Colifornio ond olhar west coost estuories ond shorter lronsil

times on cooslol routes.

Assessing Phytoplonkron Survivol ofter Bollost Woter
Treotment
Dovid lowrence', Russell Herwig, Unversif of Woshinglon

Bollost wotar dischorge is o recognized pothwoy for the introduction of
potentiolly hormful, non-indigenous species of phytoplonkton to coostol
woters. lnlernotionol, federol, ond $ole stondords of ollowoble numbers

of phyoplonkton in dischorge woter hove nol been finolized. However,
the lnternotionol Morilime Orgonizotion (lMO), Stotre of Colifornio,
ond US legislotion hove pending regulotions bosed on on ollowoble
number of "vioble' orgonisms in o volume of bollost woler. A voriety
of technologies ore being developed thot treot bollost woter to mee,
lhese proposed slondords, including electrollc chlorine generotion,



ozon€, filtrolion, ond UV light reomenb. No strcndord method is

occepbd for ossossing phytoplonkton survivol ofter bollosl woler
lreotmenl. Here we presenl some of the methods ovoiloble lo delermine
the response of phytoplonklon to bollost woter treolment, emphosizing
whether these methods con provide on endpoint lo sotisfy bollost woler
monogam6nt stondords. Methods include size froclionoted chlorophyll o
determinotion, {low ond solid stote cytometry, direct counts, ond o novel

method we developed bosed on the Most Proboble Number (MPN)

technique. Eoch method hos intrinsic odvontoges ond dlsodvontoges in

relotion to their opplicobility for regulotory enforcement ond moniloring.
Treolmonl experiments utilizing filtrotion, UV light, ond chlorine were

conducted lo compore the usefulness of lhe ossessment methods.

Acouslic Togging of Tronsplonted Blqck Rockftsh
Jel[ Morliove*, Voncouver Aguorium
Corolyn Huston, Simon froser Universily
Dovid Welch, Kintomo Reseorch

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

inshore species, block rockfish in porticulor tend to occupy the woter

column, ond their residency in ossociotion with rocky r66fs is nol firmly

documanled. ln lote 2004, VEMCO receivers were deployed neor Pt.

Atkinson ond ocousticolly-trogged block rocklish were 16leosed thare.

Novel grophicol methods oid the interpretotion o[ ocoustic signol
detection doto. The logged block rockfish exhibit high site fidelity ond

relotively smoll 6home ronges.' At this releose site, block rockftsh

viawed in the some high relief oreo on different dotes ore likely the

some ftsh. Prasence ond obsence on different receivers tend lo cooccur
for some togged rockffsh, indicoring the prasence ol sociol groupings.

Underwoler sile lopogrophy ond delection dolo hove suggesled whera

rocHish might prafarentiolly be residing neor ihe releose site, enobling
design o[ luture studies o[ block rockfish behovior. This work could in
turn enoble site salaction for fufure closure oreos.

ls it Possible to Erodicote lnvosive Species?
Jesse Sclrultz*, Woshington Sfote Deportment of Fish ond Wildlile

ls it possiUe to erodicole invosive species? The Deportment of Fish ond
Wildlife is engoged in on effort to erodicole inyosiye morine tunicotes

in Puget Sound thol moy onswer this question. This proiect will describe
techniques used to control invosive tunicotes ond their success, ond will
evoluote lhe likelihood of success{ully erodicoting invosiv€ lunicotes

in Pugel Sound. The club tunicote (Styelo clovo), nolive to Asio, wos

discovered in he slote of Woshington in '1998. 
lt is on invosive solitory

oscidoin. ll hos no known noturol predotors in Woshinglon; os o result

club tunicote populoiions ore growing ropidly, out compating notivo

species for spoce ond food. This could creote o serious problem for
shellfish oquocullure. ln April 2006, The Gorernor ond the legisloture

gove the Deportment of Fish ond Wildlife emergency funding {or

the purposa of survaying to determine the extent o[ the club tunicote

inlostolion in Pugel Sound, to stop the populotion from spreoding, ond to

determine $e potentiol costs of erodicotion efforts. Four morinos in lwo

horbors were found to hove club tunicotes. Due tro the low populotion

ot one of the morinos, the moiority of thot morino wos cleoned ol club
tunicote, leoving only lhree morinos in Woshington infested with the

tunicotes. To slow down the spreod of club tunicoles, WDFW cleoned
96% of inlesled vessels ot lhe morinos. With the work thot hos olreody
been done ond only o couple known populolions, the ogency hos mode

o greot slo but is erodicotion possible? Erodicotion would hove to be

done within o smoll time period to not ollow the tunicoles to repopulote

themselves. Over time erodicotion o[ this onimol moy be possible, but

fie {orecost for the immediote future is less rosy given the current l€vel ol
effort ond ovoiloble [unding.

Biologicol Responses lo Offshore Artiftciol Hobitots
Conslrudcd in Pugct Sound
Tony Porro*. Woyne Polson, Woshington Deporlment oI Fish & Wildlile

We exomined how well ortiftciol hobitots designed to ottrocl iuvsnile
rocklishes functioned ol on offshore shool in southem Puget Sound.
ln 2004, WDFW deployed lour ortiftciol hobilots consisting of smoll

quorry rock on ond neor on existing ortiffciol hobitot ot Tolivo Shool
thot wos originolly intended to ottroct oduh rockfishes ond lingcod.
Biologists conducted scubo tronsech using the visuol census technique
before ond ofter hobitqt conskuction ot four motched impoct ond

control sites. Sites were strotified by deplh ond locolion on or owoy from

existing ortificiol substrotes. While odult ond subodult rockfish densities

were higher ot seyen out of eight tronsects ofter conslruclion, modilied
ortificiol hobitots hod higher rockfish densities thon their respeclive

controls. The highest densities of rockftsh were observed ot the deep
sites where existlng odult rockfish hobitots exist. only three youngof-the.
yeor rockfish were observed oyer o hnoyeor period omong oll of the
olfshore sites, while neorshore hobitots in Puget Sound supported o high
sefilemenl of copper ond quillbock rockfishes in 2006. Our resulh to
dole suggest lhol offshore nursery hobitots for rockfish do not function os
primory seftlement siles but moy ottroct subcdults to smoll rock hobitots.
How lhese fish become integroted inlo odult ortiffciol hobitots ond the
implicotions {or rockfish recovery ef{orts will be exomined in future
yeors-

R.eslorolion of Notivc Oysters in Fidolgo Boy, Woshington
Poul Dinnel", Wesiern WosArngton University
Beky Peobody,Iriston Peler-Conlesse, Puget Sound Reslorotion Fund

The notive or Olympio oyster, Osheo conchophilo, once common in

Puget Sound, is shuggling lor survivol in mony locolions due to posl

over horvesl ond polluiion. Skogit County Morine Resources Commitlee
(Skogit MRC), working in cooperotion wilh Puget Sound Restorolion

Fund ond vorious communih/, business ond tribol portners, initiofed

o proiecl to estoblish severol nofive oyster reels in Fidolgo Boy neor
Anocorles, Woshington. The primory resJorotion site, under o roilrood
testle in south Fidolgo Boy, hos proven to be on excellent sile. This

locotion hos severol oreos of stonding or flowing seowoier ol extreme
low fides, is foirly remote from public disturbonce ond hos been
enhonced by the oddition of Pocilic oyster shells. Seed on cultch plonted

severol times over the lost four yeors hove shown excellent survivol ond
groMh, ond there ore signs of lorvol produciion. ln oddition, in 2006,
we {ound cleor signs thol lorvol notive oysters were se}ling on oyster
shells, wood ond metol dabris neor the hestle site. Future chollenges
include estoblishment of oddilionol oyster reefs (multiple source

populotions) ond monitoring for the extent of lorvol seltl6msnt wilhin
ond beyond Fidolgo Boy.

Spotiol ond Temporol Voriobility of Groundftsh Populotions
in Proposed Morine Reserves oI Skogit County,
Woshington
J- Henry Yolz*, Poul A. Dinnel, Shonnon Point Morine Cenler, Weslem
Woshington Universily

Among groundfishes, rockfishes (genus Sebostes) ore some of the most

wer-fished species in the United Stotes. Populotions in Puget Sound
hove declined ropidly over the losl century; some rockfish species hove

only ten percent of their historicol reproduc ve output. To oddress this

problem, the Skogit County Morine Resources Committee hos proposed
estoblishing no{oke morine reserves to protect groundlishes. The

moiority of studies ol groundfish populotions in the northeost Pocific

hove focused on summer distributions. The gool of this study wos to
relote intro-onnuol dynomics o[ groundfish, especiolly rockfishes, to
physicol ond biologicol foctors. Twenty-four dives were perlormed

o\rer one )€or ol six siles under considerolion os Skogil Counly Morine
Reserves. Eoch dive consisted of eight 25+n tronsects where ftsh number
ond size. plus botom composition were meosured. lnifiol resuhs show
thot chonges in seoson were o-socioted with chonges in densilies of
the most obundont groundftshes lcopper rockfish, kelp greenling,

ond lingcod). Also, severol physicol ond biologicol hobitot conditions
were strongly correloted to groundfish densities. Becouse of the lorge
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seosonol trends ond effects of physicol foctors, more diverse sompling
regimes should be used ond lorger reserves should be considered to
compensote [or lhe seosonol migrotion o[ groundlishes.

Pcod Meets Acod: Populotion Slructure of Pociftc Cod ond
lmplicotions for Biocomplexity
Lorenz Hovser*, Kolhryn Cunninghom, University o[ Woshinglon
lngrid Spies, Mike Conino, Alosko Fisheries Science Cenier

The extent o[ populofion structure in morine species is not only
relevonl for the monogement o[ dependent fisheries bul moy olso be
centrol to the obility of exploited species lo wilhslond environmentol
fluctuotions. Extensive reseorch on Atlontic cod demonstroted Iine scole
populotion struclure, os well os differentiol survivol omong genotypes
ond extreme levels of differentiotion ot selected loci suggesting locol
odoptotion. Genetic doto on Pocific cod, on the other hond, ore
limited. Here, we present doto from microsotellites ond the selected
Ponl locus of Pocilic cod ocross olmost the entire geogrophic ronge in

comporison with results from A ontic cod. Results showed lorge genelic
divergence beh,'reen Asion ond Americon populotions (FST=0.Or'2,

P<0.001 l, suggesting secondory contoct ond reproductive isolotion
between two mo jor phylogeogrophic Aroups within the species.

Levels of diflerenliotion olong the North Americo coost were limiled
(FST=0.0027, P<0.001 l, but followed on isolotion.bydistonce pottern

suggesting limited m6on dispersol distonces. An exception wos o
somple from the Gull of Georgio, which showed relofvely high geneiic
differentiotion from oll other somples, indicoting the existence of isoloted
cod stocks in coostol woters of Woshington ond Brilish Columbio.
turther resaorch is needed to resolve boundories between eost ond west
Pocific populotions, ond to [urther investigote number ond diskibution of
locolized stock within both regions.

Volunteer Divers Monitor lnvosive Tunicqtes And Stressed
Morine Life in Woshington
Jonno Nichols ", Woshingfon Scubo Allionce Reef Environmenbl
Educqtrbn Foundorion

Recreotionol divers in Woshington Stote ore being troined to identify
invosive tunicoies. When found, the divers report lheir presence lo the
Puget Sound Aclion Teom. A speciolly koined group of divers ore then

oble to conlirm some of the sightings, ond help remove the unwonted
species under o speciol permit through WDFW. Volunleer divers ore
olso conhibuting by doing monthly monitoring in Hood Conol ot
8 diffureni sites. Morine life is surveyed for presence/obundonce/
condition in 4 different depth zones yeor round. Divers olso survey
for the presence of invosive tunicoles. During these surveys divers ore
oble to visuolly note which species ore stressed, ond which ore found
outside their normol depth zones. Notes ond photogrophs ore token
to documenl their condition. The doto is mode ovoiloble online to ony
ogency or reseorcher. By using volunteer divers to help gother doto
ond observe morine life, the number of surveyors ond omounl of oreo
covered is increosed, ond more invosiye lunicote remonol con toke
ploce. The volunteer divers ore members of Woshington Scubo Allionce
(WSA) ond Reef Environmentol Educotion Foundotion (REEt).

Posler Group 3l Decision-Mcking ond Modeling
fools

Develop with Core: lmplemenling Environmentol Protection
during Urbon ond Rurol lond Development in Brhish
Columbio through Guidelines
Bob Cor Morlene Coskey*, Britisfi Columbio Ministry ol Environment

The Ministry of Environmenl (MoE) is concerned with helping

communities oround the Georgio Bosin moinloin noturol environmentol
feotures os they develop ond grow. These feoiures help people stoy
heolthy through provision of Greenspoco ond outdoor racreotionol

opporlunities, provide copocity for meeting noturol disosters (such os

ovoiding dwelopments in foodploins ond wildfireprone oreos] ond
con lower ovaroll infroslructure ond mointenonce costs. Sustoinoble
communities need lo incorporote environmentol concepls inlo their

design. ln response lo the need for ollernolive stewordship processes,

MoE hos creoled Develop with Core: Environmentol Guidelines
for Urbon ond Rurol Lond Development in British Columbio (DWC

documentl. The DWC document incorporoles lhe best ovoiloble
science ond legisloted outhority to define environmenbl obiectives
ond performonce torgets which users of the guide ore expecled io
ochieve. ll recommends criticol items to include in plonning ond bylows,
ond best proctices which moy be followed to ochieve these torgets.
ll olso provides cose studies of sustoinoble initiotives in communities
ihroughout the provinca. The purpose o[ this presentolion is to exomine
lhe environmsnlol ospects of susloinoble communities through on
introduction to the DWC. lt will highlight why hoving the developmenl

community use lhe DWC document hos the poientiol to provide be er
environmenlol proleclion lhon ever ochieved before.

Assessmenl of o f hree-Dimensionol Models Prediction of
Neor-Field Suspended Sediment Concenlrotions
Kevin Schock 

*, Eruce Noirn, King Counly
StepAen Brerthoupt, Cfieegwon iee, Eottelle (PNNI)

ln the Duwomish Estuory in Seottle Woshinglon, King County
investigoted ihe opplicolion of o threedimensionol computer model for
neor.field sedimenl deposition ot o Combined Sewer Outfoll (CSO).

ln cooperotion with Botlelle (Pocilic Northwest Notionol Loborotory)
we opplied the computer model to delormine relevont settling

velocities ond effect o{ grid size on initiol dilution ond distribution of
suspended s€diment concenlrotions neor o CSO. Finegrid model results

indicote good correlotion between observed ond simuloted sediment
distributions neor the CSO; these results define the relevont setlling
velocity- Agoinst these results, we compored two simple models: o
scoling modelthot delarmines relevonl seiling velocities ond dilution
model thot describa elfects of grid size on suspended sediment
concenholion ond dislribution; we presenl lhese solutions in non-

dimensionol terms. These simple relotions provide o promising method

for defining the relevont sediment moss dischorged from o CSO ond
elfect of grid size on suspended sediment concentrotions ol the CSO,

An Assessment of Error in Stote Shoreline Designotion for
lokes of Woshington
Peter Eolrls 

*, Norfiwest Wolershed lnslitute

Cory Kindberg, Micoh Woit, Jornie Glosgow, Wosfrington lrout

Lokes lhot ore 2O ocres or lorger in size meet lhe criterio for designotion
ond protection under the iurisdiction of Woshington's Shoreline
Monogement Act. Howevet since the originol lisi of designoted lokes

wos estoblished in 1972, biologists hove found some lokes thot meet
the size criterio bul were erroneously not designoted os Shorelines.

The obiectives of this proiect were to estimote the error rote in current
loke designolion in the stole ond develop o relioble ond coslefleclive
method thot could be used by locol governments lo identify lokes thot

meet the Shoreline criterio. We used GIS doto to clossify 8,888 lokes in
Woshinglon bosed on lheir size ond potentiol to mest Shoreline criterio,
with odditionol oeriol photo onolysis ond Iield verificotion for lokes

selected through rondom skotified sompling. Our onolysis indicotes lhot
253 lokes, or opproximotely 25 percent of the totol number o[ lokes

lhot meet Shorelina criterio in Woshington Slote, ore not designoled or
protected under the Shoreline Monogement Acl. We recommend thot
the GIS shopeffles ond loke clossificotion doto ovoiloble on Woshington
Trout's website be used to identify lokes in eoch locol iurisdiction thot
hove o moderots to high probobility of meeting Shoreline criterio. For

eoch loke identified, o biologist troined in Ordinory High Woter Mork
determinotion by Woshington Doportment o[ Ecology should conduct
Iield verifico]ion.
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Alternotive Futures Anolysis fror Boinbridge lslond.
Woshinglon
John Bolte', Oregon Stote UnrVersily

Dono Woodruff, Pocific Northwest Notionol lobs

There hos been consideroble inleresl by plonners, community groups,
ond reseorchsrs in developing ond exploring olternotive future scenorios
for community growlh, development ond protection of ecosystems ond
ecosyslem services. ln response b this need, o soflwore lool, Evolond

wos developed to ollow o policyoriented opprooch lo creoting ond
exploring o brood ronge ol oltemolive fulure scenorios ronging from
conservotion- to developmentorienled strotogies. Evolond is o spotiolly
explicit, multiogent-bosed modeling lromewo* for onticipotory modeling
of londscope chonge under olternolive future scenorios. Evolond
explicitly models londscope dynomics in response to coupled processes

of octor-bosed humon decisionmoking, londscope service provision,

ond oulonomous londscope chonge, using o policytentric opprooch
to represenl ond constroin decision+noking. We ore working with the

City of Boinbridge lslond to odopt Evolond to meeting the needs of the

City for exploring ollernotive strolegies Ior growth monogement ond
ossessing impoct of these olternolive skotegies on ecologicol ond sociol
concerns on the islond. Of primory concern is impoct o[ olternotive
irojeclories of chonge on lerrestriol ond neorshore hobitot.

Monoging, Storing ond Shoring Noturol Resource Proiect
lnformolion & Woler Quolity Doro
Irocy Bosen *, Polodin Dofo Systrems

The collection, storoge & shoring of noturol resource inlormotion is

one o[ the most importont issues [ocing resource monogers todoy.
Monitoring doto, proiect losk monogemenl proiect locotions (including

londowner informotion), funding income & expenses, & the files &
in[ormolion ossocioted wilh individuol proiects con be cumbersome to
store & shore with porlners. Effective londscope,/mopping informolion
monogement tools ore neaded to provide resource monogars the obility
lo viow resource informotion from very smoll suLwotershed to very lorge
ond complex regionol scoles.

Effeclive tools include:
. A system thot is relotively simple & intuitive
. The obility to securely shore informotion vio web technology
. Ability to integrole with existing systems & inlormotion
. Ability to seorch & view informotion/projects by individuol
wolershed, monitoring slotion or regionol plonning unit
. Ability to use oeriol ond topogrophicol mops & GIS loyers
. Reporting copobility to illustrote results ond e{{ecfiveness
. Ability lo spotiolly evoluote vorious wotershed foctors
. Abili[ to review historicol eflorls when plonning for future projech &
funding requirements

Using current web technology noturol resource monogers con ellectively
monoge time, stoff, funding, doto, portnerships, ond shore informotion

spotiolly, securely ond quickly.

Hobilor Models ond lond Use MonogemenE Got
Wellonds?
Anno Kopilov*, Pierce County Plonning ond lond Services

Pugel Sound criticol oreos ore subiect to greoter lond use pressures

hom growing populotions, Growlh Monogement Act (GMAI
populotion torgeh ond developers seeking to copitolize on rurol lond

use conyersions. lnformotion regording crilicol oreo locolions, such

os wellond hobitols, is often incomplete or nonexislent Predictive

methods to identify ond protecl criticol oreos ore essentiol but missing

components o{ lond use monogement. londscopelevel onolyses, or
hobitot models, offer ropid quontitotive methods for identifying potentiol

wetlond hobitot oreos. However, mony rurol oreos do nol hove the

copocity to develop ond implement these tools. Hobitot models focilitote
interogency colloborotion lo enhonce informotion reloting to watlonds

occurrence. ln on effort ]o minimize negotive environmenlol impocts to

crilicol oreos, Pierce Counly, WA is combining the use of londscope
science ond geogrophic informotion systems to ossist iurisdictions in

identifying potentiol criticol oreos- Clossificotion ond regrassion lrees

ICART) were used to predicl the occurrence of potentiol wetlond oreos
in three Pierce County iurisdictions. Resulls were then mopped using

geogrophic informotion systems {GlS). Suspect wetlond oreos were
verified using orthophotogroph comporisons ond field reconnoissonce.
lnitiol resuhs show promise for predicling lhe occurrence of wetlonds on
vorying rurol londscopes.

A Hydrodynomic Simulqtion of o Conservotive Trocer to
Evoluote Dispersion of Out-Migroting Solmon in Sincloir
lnlet,WA
Roberl Johnslon *, U.S. Novy Spoce ond Novql Worfore S;zstems Center
PF Wong US Novy Spoce ond Novol Worfore Systerns Ceoler, Son

Diego CA
Doris Smolf Woslrington Deponment ol fish ond Wildli{e, Port Orchord,
WA
Kurt Fres6, Notionol Oceonic ond Atmospleric Administrotion Nolionol
Fisheries Science Cenler, Seotde, WA

A high resolution curvilineor 3-dimensionol hydrodynomic model
(CH3DI for Sincloir ond Dyes lnlets, Puget Sound, Woshinglon wos
sel up to simulote the hydrologicol ond tidol conditions present during
the releose of hotchery-reored, iuvenile Chinook solmon lrom the

Gorst Creek Hotchery (Moy 19 -Jun 30, 2002). The model wqs used

to simulole the solinity distribulion ond currents thot occurred during
o cotch ond releose out-rnigrotion sompling study conducted by the
Woshington Store Deportment of Fish ond Wildlif6 IWDFW) in Sincloir
lnlet. The model simuloted the releose o[ o conservolive "trocer" lhqt
corresponded to when the moiority of fie morked ffsh were releosed
inlo Gorsl Creek. Tha model simuloted dispersol ol the 'lrocer" plume

os o function of tide ond winddriven currents ond fresh wqter inllow
without ony biologicol interoctions. The model produced o time series

of trocer concentrotions in oreos o[ the lnlet ihot were sompled during
WDFW' s out-migrotion study. The model results were compored to fish

recopture rotes to evoluole differences betwe€n fish density ond lhe
hocer concenlrotions predicted by the model. The comporison indicoted
thot lhe outmigroting iuvenile solmon remoined in the lnlet obout 3 to 7
doys longer thon expected lrom dispersion due to mixing olone.

Adopting Decision Moking to Uncertointy ond Complexity
when Addressing Seo Level Rise R.esponse in Puget Sound
Alexonder Petersen t. University of Woshington
Edword Miles, Universtiy ol Woshington (Ihesis Choiy'Advisor)
Ifiomos lesclrine, Universily of Woshingion (Commitlee member)
Douglos Conning UW Climole lmpocfs Group (Comrnittee member)

It is difficult for decision mokers to deol with scientific uncertointy when
moking public policy choices. These difficulties become porticulorly
opporent os locol iurisdictions begin to oddress climote chonge ond its

reloted impocts. Preporotion ond incorporotion of climote predictions is

hompered by lhe complex non-lineor noiure o[ the climole system ond
the yoriobility of fulure climote scenorios. Additionolly, the surrounding
inslitulionol, legol ond policy system is primorily lineor. This difference in

ltruclure increosBs lhe complexity of oddressing climote chonge impocls
Seo level rise provides o relevont current forum with which lo oddress
lhese issues. This study will focus on the locol institutionol, legol, ond
regulotory structure o[ Woshington Stole, King County ond the City of
Seoftle in order lo idenlify the key impodiments to incorporoting sso
level rise science ond ils ossocioted uncerlointy inio decision moking.
Building on this ossessmenl, lhe study will determine the institutionol ond
regulolory contexl required to odequotely oddress the issue. Finolly, by
using o risklosed monogement opprooch wilhin the locol context, this

sludy will identify woys in which the impodiments con be overcoma, ond
leod to the creotion of o more robust {romawork copoble of odopting to
ond incorporoting the uncertointy ossocioted with seo level rise.
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Seosonol Voriobility of Circulotion in Hood Conol,
Woshington Due to Chonging River Dischorge ond Outside
Solinity: A Model Study
Mitsuhto Kowose *, lJniversily ol Woshington

Seosonol voriobility of the exchonge circulotion in Hood Conol,
Woshington is studied using o threedimensionol hydrodynomic model

o[ the circulolion forced with climolologicol seosonol river dischorge
ond solinity outside the mouth of the conol. River dischorge ond solinity
ore voried both individuolly os well os together to study their relotive
importonce in generoling voriobility. Deep inflow into the conol hos o
moximum tronsport in luly ond o minimum in Jonuory. With only lhe river
vorying, lhe moximum lronsport occurs in Februory h Morch, ond the

minimum in Oclober; while with the externol solinity vorying, the peok
is in August i September ond the minimum is in Jonuory. Both forcings
generote seosonol vqriqbilities of o comporoble mognitude- There ore
significonl seosonol chonges in the verticol structure o[ the inflow. The

peok infiow during August fr September is concentroted ot the bottom,
coinciding with the dense woter intrusion. ln November lhe inflow core
rises to middepth ond stoys lhere until the next August, while o weok

outword flow develops neor lhe bottom. This switch between two ond

threeJoyer circulotion ogrees with the observed rising oI the sequestered

oxygen minimum loyer to iust below the pycnocline in September, ond
the subsequent middepth vantilotion o[ the conol in winter ond the

spring.

Detecting the Pottern of the "Red Edge" of Absorprion
in Puget Sound from Sotellite Meosured Woter-Leoving
Rodionce
Rocfrel Ho/[hil/*, Miles logsdon, Leon Delwiche, University of
Woshington

The normolized difference vegelotive index INDVI) hos successfully

utilized the difference between red ond infrored raflectonce of plonts
to mop vegetolion on lond; however, remole sensing o[ primory
production in lhe open oceon hos been limited to chlorophyll-o estimoles

using shorter wovelengths ot o I km resolution- This spotiol resolution
is insufficient for the inlqnd woters o[ Pugel Sound. Using sotellite
meosured reflectonce of normolized red ond neor infrored wovelenglhs
ot o liner resolulion (250m], we compored in situ refleclonce ond
florescence meosuremenls. We investigote the link botween spotiol ond
temporol voriolion of lhe Red Edge Rotio (RER) to primory production
in Puget Sound where currenl remore sensing lechniques ore limited.

The spotiol ond temporol resolulion of lhe MODIS Aquo sensor in lhe
red ond neor infrored wovelengths con resolve potterns in the woter-
leoving rodionce in Puget Sound using RER os o normolized dif{erence
of the two wovelengths. ln situ meosuremenls o[ RER show o negotive
correlotion with sotellite derived RER ot high volues ond o positive

correlotion ol lower volues. There is o negolive relotionship between
florescence ond sotellita derived RER. Sotellite derived RER moy
prove uselul os o remote sensing technique o[ olgol blooms os better
otmospheric correction olgorithms ore developed.

Numericol Simulotion of Hypoxio in Hood Conol,
Woshington, USA
BoAyun EoAng *, Mihuhiro Kowosg Jon Neuon, Allon Devol, Wendi
Ruel, lJniversity of Woshinglon

Circulotion ond biogeochemicol voriobles in Hood Conol, Woshington,
were simuloled, using Regionol Oceon Modeling System IROMS). The

purpose wos lo hindcost lhe spoce.lime voriotion of dissolved oxygen
olong with o nulrienlphyoplonkton-zooplonkton subsystem (NPZO),

forced by river dischorge, lide ond solinity ot the open boundory, solor
rodiotion ond wind ot the surfoce of the Conol- Historicol observotion
doto were used to prepore seosonol climotology of lhe boundory ond
forcing conditions. The model wos initiolly spun up for 270 doys with the

physicol forcing condifions. Afterwords, the NPZO system wos spun up
for 125 doys, ond integroted fu*her for 365 doys. The simulotion results

compore well with observed dolo from ship cruises ond moorings.

The results indicote:

I - The surfoce outcropping of hypoxic woter moy occur ot some

locotions, due to circulqtion chonge thot is driven by o chonge in the

solinity grodient ond wind skess during the foll-towinter seoson.

2. The mognitude of hypoxic condition ot depth is likely controlled by
three mechonisms: nihificotion o[ orgonic nilrogen; sedimenl oxygen

demond; open boundory condition, in the order o[ decreosing
importonce.
3. The onset of the yeorly phytoplonkton bloom occurs lirst oround the
flow enkoinment regions, which moy couse o DO-minimum loyer ol
subsurfoce downstreom, due to odveclion, sinking ond re+ninerolizotion

4. The oddition of riverine nutrienls results in more oxygen demond ot
depth due to enhonced production ond sinking neor the surfoce.

Chonge in the Duwomish River Estuory: An Historic
Perspeclive
Nico/os Arcos, University of Woshington, College of Architecture ond
Urbon Plonning
Kotrino Hoffmon*, University of Washington, School of Morine Afforrs

Scott Stolnock, University o{ Woshington, School of Aquotic ond Fishety

Sciences

Londscope feotures ond ecosystem processes in the Duwomish River

estuory hove been significontly oltered by humon octivities lhol took
ploce between the mid-l9th century ond the present. Tronslormotions in

the Duwomish estuory ore explored using GlS, lond use dolo, historic
phologrophs, ond inquiries into public policy. Potterns of chonge ore
invesligoted in spoce ond time lo discover correlotions between public
policy, economic development, ond lond use.

Design Considerolions for o Porlicipotory Decision
Support Web Portol to Enhonce Puget Sound Neorshore
lmprovemenl
Timolhy Nyerges", L)niversily ol Woshington

Protection ond improvement of the Georgio Bosin Pugei Sound involve

lorge numbers of orgonizotions ond community groups ot multiple
spotiol ond temporol scoles - from internotionol to locol. Developments
o{ web'bosed inlormotion systems hove shown little progress to

suppo* brood-bosed onolytic-deliberotive decision processes os

port o[ coolition building. However, recenl informotion technology
developments, porticulorly those involving geospotiol web po*ols,
ore pointing in productive directions. A conceptuol fromework for
chorocterizing [our pervosive decision processes' strolegic plonning,

improvemenl progromming, project implementolion, ond emergency
monogement - ond their ossocioted spotiol ond temporol scoles

provides o guideline lor understonding the decision complexity thot
must be oddressed. Exomples of po*icipotory geospoiiol web porlol
copobilities developed for regionol honsportotion decision moking

{www.pgisl.org) ore presenled lo demonstrote onolyticieliberotive
decision supporl copobilities thot could be useful to the Puget Sound

neorshore improvement effort. Design considerotions for redeveloping
the web portol copobilities bosed upon lhe conclusions drown from the

conceptuol lromework lor chorocterizing the four pervosive decision
situolions ore presented ond discussed.

Effeas of lnverse Esluorine Circulqtion in Morginol Boys in
Greoter Pugel Sound
Skrp Alberhon *, Woshinglon Stofe Deporiment o{ Ecology
Jon New4on, UW Applied Physics lob

Most estuories hove fresher woter ot the heod ond soltier woter ot the

mouth, which drives o residuol estuorine circulotion. However, lorge
expulsions ol buoyont freshwoter down lhe moin longitudinol oxis of o
bosin {e.g., Moin, Whidbey, or Stroit of Georgio} con effectively pinch
o[[ morginol emboyments, inside which solinity ond density remoin
higher thon ot lhe mouth. This inversion in the density grodient cousesaa



the net tidolly<veroged residuol flow potlern to become inverse ond
increoses lhe residence time of the boy. Foctors leoding to the creotion
o[ on inverse solinily grsdient ore the mognitude ond timing of riverine
input from unfrozen precipilotion ond worming thol couses snowmeh.

lf the timing of o lreshet coincides with the kine]ic energy of o storm,

insleod of logging olter it, the flushing polenliol of the storm could
be nullified by inversion. Could this be hoppening more frequently
with globol worming since mid-winter precipilotion is not stored in the
mounloins os snowpock but insteod releosed immediotely os runoff?
Exomples ore given lrom Hood Conol, Sequim Boy, Discovery Boy
ond elsewhere within the inlond woters of Woshington Slote- This efrect
could ploy o role in stimuloting hypoxio or other woler quolity issues

relotad to flushing.

Low Cost Doto Collection ond Monogemenl
Dorcy V,lildermuth", Kris Cosfe/lo, WDFW

ln on ero of decreosing budgets ond stolf, detoiled doto sets ond
monogement of those doto ore ohen the first e{{ort to be socrificed.
Technologicol odvoncements, such os electronic meosuring boords
ond dolo loggers ore designed 1o olleviote these problems, but ore
costly, compounding budgetory issues. Woshington Deportment of
Fish ond Wildlile hos developed serrcrol systems designed to ollow
for the collection of lorge volumes of detoiled doto ot relotively low
cost. These syslems ore eosy to operote, rugged enough to withstond
the fteld envkonment ond require only o smoll qmounl of lob time to

monipulote inio o stondordized dotobose, These systems include: l) o
lob system thot electronicolly records length ond weight using colipers
ond scole which mointoins thol informotion in on E:rcel spreodsheet lor
the cost of the colipers ond scola; 2) o PDA bosed system Ior collecting
o voriety of field doto mointoined in Excel or Access for obout $ 100,
with on optionol geocoding leoture for on odditionol $250; ond 3l
on lntelligent Chorocter Recognilion flCR) sconner bosed system thot
compiles hond written doto into on Accass dotobose, lor obout $500.
These systems decreose errors ossocioted with doto enky ond tolol sloff
time without the increosed cost ond time loss of using professionol doto
entry stoff. In oddition the ICR bosed systom ollows for the inclusion of
doto by non-stoff members including the public. All o[ these systems ore
eosily modified to fit most dotosel.

Hob ol Conserwtion Plonning fror Woshington'i Stotc-
Owned Aquotic londs
Dovid Polozzi*, Corol Piening Lindo Wagoner, Corol Cloe4
WosAinglon Slote Dept oINoluro/ Resources

The Woshington Stote Deportment of Noturol Resources IDNR)is
completing on ecosyslem-bosed muhiple species Hobiht Conservotion
Plon IHCP)for the stole's oquolic londs under the Endongered Species

Act. ln support of lhe HCP, DNR hos developed scienfific informotion
thot choroclerized lhe potenfiol impocts of ils monogement oclivilies on
108 species of plonb ond onimols thol use stoleolyned oquotic londs

for breeding, foroging, ond reoring ond identiffed the locotion of certoin
hobitols, species use of hobitots, ond interoctions between oquotic
hobitot thot occur on sloteowned oquotic londs. This informotion olong
wilh o coorse synopsis of the locotion ol DNR outhorized octivilies ond

stote oquolic lond ownership wos integroted inlo o potentiol elfacts

model to eslimote where ond to whot extent DNR's outhorized octivities

ore effecting birds, Iish, morine mommols ond omphibions ond their
ossocioted hobitot. The model guided DNR to propose 2l species ond

seven oquolic lond use octivities for coveroge under the HCP Specific

conservotion ond dewordship octions will be developed ond odopted
to offsel the impocts of DNR's outhorized octivities. DNR's HCP hos

been identified by the Governor's Puget Sound Portnership os one o[
seven "key immediote priority octions" for protecting existing hobitot
ond preventing lurther hobitot Iosses in Woshington.

Poster Group 4: Ecosysfem lndicotors ond
Restorolion

Dom ond Culvert Removol in the PNW: Americon Rivers'
Experience
Ross Freemon *, Americon Riyers

Our nolion's rivers ore plugged wnh 80,000+ doms over 6ft toll ond
mony thousonds of smoller shuctures. Mony ore old ond obsolete,
some ore obondoned, olhers no longer serve lheir inlended purpose.
ln the PNW, undersized or mollunctioning culverts ore one of the mosl
common fish possoge borrier problems. Americon Rivers is deeply
involved in riyer restorolion ond proteclion notionwide lo benefit fish,

wildlife ond people; in the Northwest, we orgonize this work oround
solmon recovery. For l0 yeors we hove promoted the benefits of dom
removol, ond mony communities now employ the opprooch to reslore
heolthy function, ond implement fish possoge, on their locol rivers.

Whereos lorgescole dom removol con be conlentious, highly complex,
ond even involve litigotion, smoll removols typicolly generole minimol
opposition ond con be occomplished in months, not yeors. Since

2001, we hove porlnered with NOAA' s Community-bosed Restorotion

Progrom to remove doms, culverts, ond obstructions in slreoms ond
rivers thot block solmon, steelheod, olewife, Americon shod, ond other
migrotory species. To dote, we hove oworded $2Million notionwide
to help remove dozens of unwonted shuctures ond complste f6osibility
studies on mony more. ln 2005, we extended fi6 portnership to the
PNW, providing funding, technicol ossistonce, ond pormilting support.
This presentofion will explore severol PNW cose studies from ihe post
two yeors, ond oddrass moniloring efforts ond locol stewordship.

Current ond Hisloric Geomorphic Mopping of Centrol
Puga Sound Morine Shores with Conservotion ond
Restorotion Recommendotions
Jim Jolronnessen, Andreo MocLennon *, CoostolGeologic Services

Aundreo McBride, Skogil River Syslems Cooperolive

This study initioted by King County Deportment of Noturol Resources

ond Porks os porl ol o lorger solmon conservotion plonning effort.
It focused on 120 lineol miles of the lorgely urbonized morine
environment of King Counly ond southern Snohomish County. Currenl
geomorphic conditions were mopped in the field, followed by reseorch
into the historic condition of oll currently modifted shores. o. Comporison
of current condilions with historic conditions mopping reveoled thot
widespreod ond for reoching chonges to coostol processes hove
occurred the neorshore in the sludy oreo. For exomple, hisloricolly,
sediment source bluffs occounted for ot leost 50.3% of the study

oreo, compored to 18.r'% ol the study oreo under current conditions.
Following lhe completion o[ current ond historic conditions mopping
o study oreo wide prioritizotion of oll polenfiol reslorolion ond
conservolion sites wos performed ot londscope ond drift cell scoles.

These results con be used to chorocterize ecosystem processes (which

is required for current shoreline moster progrom updotes), quontitotively
prioritize restorolion ond conservotion proiects, ond [urther
understonding of the impocts thol development hos hod on coostol
geomorphic processes in this lorgely urbonized morine snvironment.

Long-Term Trcnds in Biotic Conditions Around the lonq
Outfoll in rhe Context of the Greoter BC Coost
Brendo Burd*, Ecoslot Reseorcfi tld
Sron BerroU, Greoler Voocouyer Regionol Dishict

Following the revision o[ the lono outfoll moniloring progrom bosed
on externol consultont' s reyiew in '1999, o detoiled, exlensive ond
consistenl 7-yeor dotobose o[ benthic inlouno ond reloted sediment
physicol, geochemicol ond contominont informotion is ovoiloble.
Trends in biotic responses lo the outfoll, primorily bosed on orgonic
enrichment, will be exomined. locolized chonges reloted to the outfoll
will be described, olong with observed effects lrom externol influences
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unreloted to iiie outfoll. The generol benthic biotic condition o[ the lono
receiving environment region will then be ploced in conlext wilh olher
oreos within fie Slroit o[ Georgio, ond the rest of BC, using on exlensive
coosl-wide dotobose for which common biotic thresholds hove been
ossessed-

An Ecologicol Risk Assessment of POP Exposure ond
Toxicity in FreeRonging Horbour Seols
Lizzy Mos*, Marc Comeron, Hemmero
Donno Cullon, lnstrtute oI Oceon Sciences

Ben Koop, Universily of Victotio
Peler Ross, lnslilule of Oceon Sciences

Morine mommols ore exposed lo elevoled concenlrolions of persislenl
orgonic pollutonts {POPs} thot hove been ossocioted with reproductive
foilure, endocrine disruption ond immunotoxicity. The complex mixtures

in which these contominonls circulote the environmenl, ond lherefore

expose wildlife species, often impede the evoluotion of heolth risks.

For this ecologicol risk ossessment, free"ronging horbour seol {Phoco
vitulino) pups (n:y'3) were sompled olong o grodient of contominonl

concentrolions in the coostol woters of Briiish Columbio, Conodo ond

Woshington Stote, USA, ond evoluoted os sentinels o[ morine mommol

heolth. Prioritizotion ol the POPs using hozord quotients indicotsd thot
polychlorinoted biphenyls (PCBs) represented the lorgest toxicologicol
risk. Estimoted dietory intokes of PCBs by seols, ond in nursing seol pups

in porliculor, exceeded mony regulotory guidelines for the prolection o[
fisheoting wildlife, suggesting lhot these contominonts moy odversely
o[[ect their heolth. A biomorker opprooch, documenling significont
correlolions between PCB concenhotions ond meosures of immune ond

endocrine [unction [urther supported this notion. Bosed on o stolisticol

opprooch integroting biomorker doto, we derived o guideline for the
prolection o[ morine mommol heolth, including its nursing li[B stoge
with greotly increosed exposure ond high s6nsilivity to PCB-ossocioled

developmentol effects- This novel refarence volue underscores

lhe vulnerobility of mony morino mommol populotions inhobiting

contominobd cooslol regions to increosed incidence of diseose ond
reduced reproduction.

Removing Creosote Wood Debris on Beoches in the
Northwest Stroits
Ginny Eroodhurst*, NorrAwest Stroirs Commission

liso Koufmon, Woshington Dept of Nofurol Resources

The Northwest Stroits Commission (NWSC) ond Woshington

Deportment of Noturol Resources IDNR) ore working to remove

creosole ond other teoted wood debris from beoches throughout the

Northwest Slroits. Wood debris nolurolly occurs on beoches throughout

the Northwest Stroils region. A significonl por]ion of this debris however,

comes from derelict piers, docks ond other struclures ond is heovily

loden wilh creosote. Whether freshly woshed up or buried in sond for
decodes, this wood leoches creosole continuolly. Creosote contoins
severol hundred chemicols, mony ol which ore known lo be hozordous.
lnitiol field surveys showed opproximolely 2G30% of occumuloted

wood debris ot some siles wos treoted with creosole. Further surveys

ond removol operotions hove produced dolo on octuol tonnoge of
creosote ond other heoted wood debris ot levels obove initiol estimotes.

Mops ore being produced lhot illustroie different occumulolions oi
different sites. Since 2002, this portnership hos removed over 600 tons

of contominoled moleriols from shorelines in o highly cost eff€ctivo
monner- Surveys hove utilized roined volunteers ond collected doto on

GPS units. Removol operolions employ work crews ond either borges

or helicopters to tronsport urood lo disposol contoiners- DNR is olso

removing creosote pilings throughout Puget Sound in order to eliminole
o moior source of this problamotic morine debris.

Monoging Ecosyslem Services for Puget Sound Reslorotion
- Muhi-resource Credit lroding ond Stocking
Jon Cossin 

*, Kevin Holsey, Kenno Holsey, Mork Ylohskis, Kanin Benck,

Poromelrix

Puget Sound restorotion foces signiliconl chollenges - increosed

competition for money, limited sites, consistent regionol prioritizotion,

ond multiple sometimes conflicting restorotion initiotives. Alternotive
mitigotion strotegies including mitigotion bonking, regionol wolershed
mitigotion, ond noturol resource olfsets or troding hove greot potenliol

for Puget Sound. The globol success of environmentol hoding systems

luggests the potentiol o[ morket opprooches, bul to ochieve ecosystem

reslorotion, koding systems musl occommodole multiple resources. We
discuss innovolive new tools for multi-resource bonking, ond ossocioted
policy chollenges: "doubledipping" o[ credits,regulolory complionce,
guoronleeing increosed environmentol beneffts. We locus on the

development of tools ond dotoboses [or implementing mitigotion of
multiple resource impocls (solmon, woter quolity, storm woter, wetlondsl

ot regionol bonks in Puget Sound using on innovotive occounling system

bosed on on index of hobitot integrity. This ollows wotershed.specific,

systemotic evoluotion of: mitigotion ond restorotion needs, exisling
frrnctionol condition, functionol restorolion needs, ond where reslorotion
will hove the greotest benefit. These tools con support the devalopment
of privote entrepreneuriol bonks ond focilitote innovotive public-privote

portnerships [or conservolion ond reslorotion plonning in Puget Sound.

Using Lorge Woody Debris ro Reslore Geomorphic Process
ond Floodploin Connecivity in o Reguloted River System
Abigoil Hook, Iulolp Iribes
Elizobert Ablow*, Seottle City tiglt
Tim Abbe, Herrero Environmento/ Conusliqnh
Scolt Powel/, Seoft e Cify Lighl
Dovid Chopin, Seottle Public Utilities

The presence of lorge woody debris in Pocific Northwesl streoms ond
rivers hos been shown lo creote ond mointoin hobitot processes through
providing storoge for grovels, promoting loterol recruilmenl o[ sediment

ond riporion wood, ond providing inslreom sJruclure ond complexity. As

o result ol reguloted flows ond depressed riporion recruitment potentiol,

current instreom limiting foctors for mony species con be linked directly
lo o poucity of instreom wood. We used engineered log ioms (EU) ond
skotegic plocement of individuol "key member" logs in o high energy
grovel-bedded reguloted river in western Woshington to increose the

frequency o[ grovel potches for solmonid spowning, oclivola historic

chonnels used for iuvenile reoring, ond ougment older noturol ioms wilh
high levels of decoy. This system hod been ohered by the interruption of

sediment routing from the upstreom dom os well os logging thot resulted

in the removol of instreom wood ond decreosed recruitment potentiol.

Wood plocement focus€d on sites where EUs could creote sufficient
hydroulic heod to reconnect floodploin chonnels ond where individuol
logs would remoin stoble ond lrop sediment ond orgonic debris. Resuhs

ofter one woter yeor indicote thot 498 m ond 298 m oI lolerol chonnel
hos been ociivoted ot eoch o{ the respective ELJ sites. ln 2006, focies

oround eoch of the instollolions hove been mopped in order lo creote
o boseline for monitoring future grovel relention. This technique shows

greot restorotion potentiol, porticulorly in dom reguloted syslams os

it requires neither odditionol flow nor ony costly grovel ougmenlotion
effort.

Milltown lslond levee Removol
Steve Hinton *, Greg Hood, Jeff Pan, Mike OIis, Skogit River Sfslem
Cooperolive

This presentotion focus on the plonning, implementotion ond monitoring
ol on estuorine restorotion proiecl inyolving the removol o[ o relic levee

system using explosives. The proiect is locoled on Milltown lslond ,

South fork of the Skogit River. Where over 30,000 lbs of explosives
were used to demolish iust under o mile of historic levee obondoned
oher 1976 flooding breoched lhe levee system. Owned by the
Woshington Deportment of Fish & Wildlife the 375 ocre islond hos been

left follow but hos shown limited progression toword noturol estuorine
morsh conditions. Relic levees ond droinoge chonnels ore belived to

90



impeed hydroulic processes lhot should drive tha developmant of lidol
chonnel networks ond notive vegetolion. The presentotion highlights
oclions loken to restore hydrology ond results from first yeor monitoring

efforts.

Fomsby Creek Restorotion Proiect: Self-Reguloting
Tidegotes ond Estuory Restorotion
Todd l(itchell*, Korcn Mitchell, Rochel LovellFord Soroi Akin,
SwinomisA Woler Resources

Steve Hinlon, Skogit River System Cooperotive

The Fornsby Creek Self-Reguloting Tidegote (SRT) proiect is o fish

possoge ond hobitot restorotion proiect locoled on the Swinomish
Reservotion olong the Swinomish Chonnel of the Skogit River delto in

Woshington Stote. This proiect seeks to strike o bolonce wilh currenl

ond luture ogriculturol lond use by promoting hydroulic connectivity

ond exchonge coupled with restorotion plontings to stimulote riporion
recovery. The politicol will to use tribol lond ond funds provided on
excellent opportunity to test SRT' s in the Skogil Volley. Given the

controversiol noture of instolling ond using SRTs ond possibly elfecling

odiocent ogriculturol production, this proiect hos implemented o very
robust woter quolity moniloring progrom to woluote the effects, i[ ony,
to formlond ond effectiveness of ffsh possoge ond riporion recovery.

This proiecl will reopen ond ollow occess to more thon fi'vo miles of
chonnel to iuvenile solmonids by replocing existing impossible tidegotes
with fish possoble SRT' s. Restorotion on 2 of the 5 miles ol chonnelized
ditches will increose woter storoge ond exchonge. Srody chloride
concenlrotions in groundwoter ond surfoce woler sompling sites hove

been reported since moniloring begon in December 2003. Averoge

moimum surfoce woter levels hove risen opproximotely I ft in elevotion

over the pre-proiect elevotion since the inslollotion of the born door SRT.

Strolegies lor Developing o Fish [riendly Shoreline on Loke

Woshingrlon
Ruth Howell', Grcgg Cosod, Scfiool of Morine Alloirc, University ol
Wosfiing,lon
Bryon Russo, Kelli Roberh, lMoteriol Science Engineerlng, UW
Dove Fries, Mosbr Progrom in Arts ond Policy, UtN

[ocoted within o mojor urbon oreo, Loke Woshington is the second
lorgest noturol loke in the stote of Woshington ot opproximotely 21,500
ocres. Ecologicolly, the loke serves on importonl role for severol runs

of solmon species, most notobly the run o[ the endongered Chinook
solmon on the Cedor River. Horrever, os o highly urbonized loke with
on estimoted 82% of the >8o-miles of shoreline hordened ond on
odditionol 2,500 docks ond piers, the current shoreline conditions

creote o non-functionol riporion hobitot detrimentol to migroting solmon

populolions ond porticulorly reoring iuvonile Chinook. ln the foll of
2006, o teom of University of Woshington groduote studenls ioined
representotives from NOAA' s Sond Point focility to ossess the sociol

borriers to fish-friendly restorotion proiects olong loke Woshington' s

shoreline. The teom creoted o spotiol socioeconomic choroclerizotion
of [oke Woshington, invenloried the regulotory fromework governing

shoreline reslorotion, ond interviewed privote proporty owners lo oss6ss

potentiol borriers io conducting fishlriendly restorotion. These inlarviews

focused on ldentifying poten ol borriers such os regulotory ond
permitting obslocles, in[ormotion osymmetry, perceived risks to proporty

lincluding property voluel, ond life<ycle costs of shoralin6 proiecls. This

reseorch serves os on initiol slep towords designing ond implemanting

on outreoch progrom intended to educote ond encouroge soft sho16lin6

restorolion in [oke Woshington.

Developing o Strotegic Frqmework to Guide Shoreline
Enhoncement ond Restorotion Along the SGottlcto-Ever€tt
Roilrood Grode
Huglr Shipmon *, Woshrngton Deporlment ol Ecology

The roilrood grode between Seottle ond Everetl represents o unique

opportunity lor nBorshore restoroJion - within the limited conslroints

of roilrood ownership ond axponding operotions. The roilrood, built
oround 1900, modified the geomorphic londscope ond conJinues lo
impoct geomorphic processes. Roilrood construction buried lhe upper

beoch, oltered streom moulhs ond borrier esluories, ond reduced

erosion of the coostol bluffs, remwing the primory sediment source lor
this rsoch of shoreline. Discussions of neorshore restorolion oftan involve
suggestions of using beoch nourishment seoword of the trocks to reploce
lost sediment supply ond to restore upper beoch [unctions. lsoloted

exomples of such opprooches olreody exist. We exomine foctors

influencing sediment delivery ond tronsport olong lhe roilrood, including
historic erosion, longshore drih, shoreline configurotion, ond sediment
size, ond how they inlorm decisions obout whgre ond how to potentiolly
ploce sediment in the future. We outline o conceptuol fromewo*.
for restorotion plonning olong this reoch of shoreline. Proiects will
conlinue lo be brought forword by property owners, locol communities,

restorotion orgonizotions, ond by the roilrood itself. Whot is needed
is o slrotegic, reoch*cole lromework for guiding ond evoluoling these

proposols.

Ihe Estuory ond Solmon Resloration Progrom for Puget
Sound
Rondy Cormon*, Woshington Deportment of Fisfi & W,dlife
Doug Myers, Puget Sound Action leom

A totol of $2.5 million wos provided to the Woshington Deportmenl of
Fish ond Wildlife (WDFWI in 2006 by the Woshington Stole legisloture
to fund shoreline rerlorotion proiects in Pugel Sound. Estoblished under
the Estuory ond Solmon Restorolion Progrom (ESRP), this funding
wos port of Governor Chrisline Gregoire' s Pugel Sound lnitiotive.
The focus of this lunding wos to support locol efforts to restore Puget

Sound esfuories ond preserve noturol shorelines to benefit solmon.
To delermine best use of [und1 select members of the Puget Sound
Neorshore Portnership (PSNP) lmplementotion Teom developed ronking

riterio ftot odhere to guiding reslorolion principles developed under
the Puget Sound Neorshore Ecosyslem Restorotion Proiect (PSNERP).

Aword recommendofions developed by the lmplementotion Teom

members were reviewed by select members ol the PSNP Science
Teom ond presented lo fie PSNP Steering ond Execulive Commitees
lor opprovol. PSNP is o cooperotive effort cochoired by WDFW ond
lhe U.S. Army Corps of Engineers with o membership thot includes

seven federol ogencies, tribes, locol governments, stole ogencies
ond nongovernmenlol orgonizotions. Unique to this progrom is lhe

ocknowledgement thot oll the phoses leoding to ultimote on{heground
reslorolion, such os feosibility studies, hydrodynomic modeling, ond
development of design ohernotives, ore necessory investments thot
improve the effectiveness of proiects. ln oddition, severol proiects

thot received funds through ESRP were improved beyond their initiol

scope wilh incrementol supplemenlol investments for development o[
monitoring plons or inclusion of educotion ond outreoch progroms.

Funds were used to molch other locol, stote ond federol funding to
implemenl nine estuory ond shoreline conservolion ond restorotion
proiects with o totol volue of more thon $20 million from Bellinghom to
Olympio. Proiects oworded funding represented o brood spectrum of
restorotion octivities including dike breoching, dike removol, ond morsh

reslorotion, os well os restorotion design, feosibility sludies, ocquisition,
ond moniloring plon development. The ronge of octivilies funded
through the ESRP provides on opporlunity to complele severol importont
restorotion proiects while odvoncing our knowledge of the Sound
through strong monitoring plons fiot kock proiect performonce ond will
inlorm future decisions.

Urbon Greenspocesr Mopping Protected Slotus ond
lndicotors oI Function to ldentify Opportunities ond Risk
Fronk leoneflir, Croig Young, Louro Audetle, Dorlo Boyer, Suzonne
Erunzell Snohomish County

Urbon greenspoces in North Creak, Snohomish Counry WA including
Notive Grodh Proteclion Areos (NGPAs), designoted Open Spoce,
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porks, conservotion eosemenls, ond other pertinant lond use codes,

were identifiad ond mopped using county-wide dotosets in ArcGlS.
Greenspoces locoled on unprotected priyote property were olso
mopped bosed on simple decision criterio. Doto included the

Snohomish County Assessor' s porcel loyer, Plonning ond Developmenl
Services (PDSI Deportment plot dotobose ond shopefiles bock to 1995,
ond the Snohomish County Audibr' s publicly recorded documents
reloting to plots, eosements, ond crilicol oreo site plons- Bosed on
these doto sources mony greenspoces nol encumbered in individuol
hocts were heodsup digitized. The {inol occumulotion of protected
porcels or boundories wos clipped in GIS for generol comporison to

unprolected porcels ond North Creek os o whole. We documenled

2036 greenspoce porcels or boundories totoling 4061 ocres or
opproximotely 22% of the wotershed oreo. The overoge greenspoce

oreo wos 2.8 ocres. Bosed on these mopping outputs, we will highlight

odditionol results reloted to mopping lond cover in urbon greenspoces

os one indicotor of lunctions ond volues present, evoluofe corridor
continuily or gops in prolection, ond estimote future risk to mopped

urbon greenspoces. We will ofler ideos for future monogemenl of
urbon greenspoces thot support solmon recovery/ NPDES ond TMDI"

complionce ond quolity of life for o voriety o[ end users.

Poster Group 5: Monitoring ond Evoluotion

An Evoluotion oI Shoreline Stobilizotion ond Erolion
Control Alternotives, Puget Sound, Woshington
Wendy Gerstel*, Applied Reseorch . priyote conpony
Jennifer Brown, JFB Environmentol, LLC

Adverse impocts of shoreline qrmoring, exceeding 75% in some

counties of Woshington Stote' s Puget Sound, hos leod to increosed

bulkheod permit opplicolion scrutiny by reguloting ogencies, ond
increosed inlerest in olternotive slope stobilizotion ond beoch restorotion
techniques. This study, invesligoling more thon l7 sites oround
Pugel Sound, is lhe firsl to systemolicolly evoluote these ollernolives.
Alternotive techniques included onchoring wood, imporling beoch

sediment, restoring beoch width ond grodienl, customized slope
engineering, ond plonting vegelotion. We investigoted $e geology,
geomorphic processes, ond vegetotion ol eoch sile. We interviewed

londowners ond controclors on the permitting hurdles, design ond

construction complexities, ond project obiectives ond performonce.

Londowners were generolly pleosed to hove implemented ollernotiyes,
olthough mony felt poorly inlormed on how ond why to use them.

Controctors believed they would benefit from betler guidonce on
moteriol resources ond design sp6cificotions. Proiecl instollotions were
generolly in good condition; however, where we noted inodequote

site chorocterizotion we [ound potentiolly unnecessory shoreline

modificotion. Observed slope instobility ot these sites might hove been

betler mitigoted, ond ot less cosl, with improved uplond groundwoter

ond vegetolion monogemenl. We recommend permits be conditioned

with existing slote ond county guidelines oddressing these issue.

Physicol Beoch Monitoring of Urbonized Puget Sound
Beoch Nourishment Sites
Jim Jof,onnessen, Jonotfion Woggoner *, Coostol Geologic Services

Soft shore protection through beoch nourishment is o{ greot interest in

lhe Puget Sound oreo with coostol property monogers ond regulotors.

Beoch nourishment projects hove bean instolled os environmenblly
occeptoble erosion control proiecls since the negotive impocts of "hord"

bulkheoding hove become more cleor. Despite the goining populority of
beoch nourishment little physicol monitoring doto exists ond ecologicol
monitoring dolo is neor noncxislent. This poster summorizes the results

ol quontitotive physicol beoch moniloring ot Iive Puget Sound beoch
nourishment proiocts. Proiects outlined include public beoch porks,

rood protection, ond bene{iciol reuse of dredge sediment, ond ore

locoted from Seohursl Pork in Burien, to Birch Boy Drive in Whotcom

County, WA. These beoch nourishment proiects typicolly rebuilt the
high-tide beoch to protect property ond homes. These proiects hove olso
benelited neorshore hobitots through the introduction o[ littorol sediment,

woody debris, revegelotion, shode, ond increosed shoreline complexity.
Physicol monitoring results hove documented relotively stobilily ot some

sites ond the need lor mointenonco ot olher sites. Beoch nourishmeni

offers one opprooch for monogemenl of urbonized shores in lhe context

of rising seo levels.

Performonce of Eenthic Coulions, Wornings ond Triggers
for the GVRD Morine Oufoll Receiving Environments
Brendo Burd*, Ecoslof Reseorch ltd
Albert von Roodseloor. Ston Eerfold, Greoler Voncouver Regionol
District

The submission of the exlensive Coulions, Wornings ond Triggers
progrom lor the GVRD outfolls in .lonuory of 2004 provided o
fromework for monoging the outfoll dischorges lo ensure thot no odverse
chonges occurred in $e receiving environment. However, lhis fromework
wos bosed on monitoring doto ond reseorch reports ovoiloble to thot
point, with the understonding thol il wos on odoptive process, to be

ossessed ond updoted os new informolion bacome ovoiloble. Since

lhen, the monitoring progroms for the morine outlolls hove conlinued.
An updote on the performonce of the coutions, wornings ond triggers
Ior detecting chonge in the receiving environments of lhe morine outfolls
will be described. This will include o rsevoluotion of indicotors, levell
ond how the indicotors hock the exlenl of known elfects reloted lo fie
outfolls, ond ony regionol shifts unreloted to the outfolls.

High-Frequency Reol-Time Water Quolity Doto Collection in
Elliott Boy
Bob Kruger*, Angelo Grouf, King County

A Multiporometer sonde wos inslolled olong the eostern shore of Elliotl
Boy {Cenkol Puget Sound) for o period of one yeor (November 27,
2005 to November 27, 2006l to meosure reollime woter quolity. The

sonde wos interfoced with o Doto Acquisition System which ollowed
for reol.time doto ocquisition, storoge ond review vio the internel. The

porometers onolyzed were temperolure, conductiviry solinity, depth,
dissolved oxygen, chlorophyll ond rurbidity. The doto were raviewed

weekly. Sondes were colibroted when required ond physicol woter
quolity control somples were collected on on intermittant bosis. The

moior gools of this proiect were to test the hordwore ond so{twore o[
ihe sy$em by evoluoling ihe following: Eose of selup, robustness of
the physicol hordwore ldotologger, solor ponels, cobling ond sonde
in o morine environment), power monogemenl, colibrotion frequency
requirements, ond doto monogement quolity (telemetry system, web
interfoce, dotobose reliobility). Aside from ihe moior testing gools,
the doto collected ollowed us to evoluote influances of the Duwomish
River, seosonol woter quolity trends in Elliott Boy ond helped the Seottle

Aquorium with their woter quolity monitoring progrom.

Avion Response to Estuorine Reslorolion Vio Dike Removol
Doniel Hull, Nrsguolly Reocfi Noture Cenler
Karen Myers*, USfWS Biologist

ln 2003, the Nisguolly Reoch Nolure Center begon o citizen science
bird moniloring progrom lo investigote how ovion populotions would
respond to estuorine r€storolion occomplished os port of o dike removol
proiect. As port of o phosed restorotion process, the Nisquolly Tribe hos

reconnecled o totol o[ 40 ocres of lormer posturelond to Red Solmon
Slough in the Nisquolly River Delto since 2002, with on odditionol 100
ocres reconnected in Septamber of 2006. The bird monitoring survay
doto wos collecied by Nisquolly Reoch Noture Cenler volunteers, ond
sponned from July 2003 to Augusi 2006. Over l6 individuols, mony of
them professionol or omoteur birders, collectively voluntsered over 730
hours for this tosk, moking consistenl monthly visits to th6 site throughout
the 2-yeor survey period. Over 97 species ol birds hove been observed
lo dote using the reslored estuorine hobitot, including wobrfowl,
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shorebirds, roptorl ond poss€rines.

A Discrete Simulotion Model of the lmpoct on the
Sustoinoble Level of Simon Froser University Porking
Service ot Burnoby Compus
Iim li*, Simoo Froser Univercity

Simon Froser University (SFU) Burnoby Mountoin compus hos been
6ought of running od of porking ovoilobility with constonlly increosing
commuler populotion growth ond compus extension in neor fufure.

This report will oddress this issue with o discrete simulotion model to
mointoin occeptoble utilityr/level of SFU porking service ot Burnoby
compus in response lo the increosing demond driven from compus
commuier porking during the impoct o[ compus conslruction in 2O yeors
by implemenling lwo monogemenl ohernotives; First scenorio increose
in number of residents on compus, ond secondly onnuol increose in size

of permonent porking lot. The boseline model revaolod thot in 20 yeors
the compus could ochieve sustoinoble level of 25%. The entire model
olso illustroted thot the level of porking service wos somewhot sensilive

to chonge in growth of resident populotion on compus os well os in stoll

populotion. The model overoll indicoted thot to ovoid hitting below the
minimum level 25% of porking s€ryice in long run, increose in resident
populotion will not ultimotely help in terms of mointoining obove the
occeptoble level, ln other words, the result o[ the model suggests thot
somedoy ofter 20 yeors the porking service will drop below thot level.

Therefore, for the long term sustoinobility of porking service, the model
with some degree of modificolions could be operoted with {inding out
more olher olternolives.

A Verticol Geologic Strip Mop ond londslide lrwentory of
the Tulolip Tribes Reservolion Shoreline of Puget Sound,
Tulolip, Woshington
Todd Zockq', Tulolip Tribes
Wendy Gerste/

This poster presents fie methods ond results of our ollempt to mop
both the geology ond locotion of londslides olong the shoreline o[ the
Tulolip Tribes Reseryofion in Woshington Stote. Our obiectives were

O identify ond choroclerize sediment input sources ond process€s

olong opproximotely 25km of coostol bluffs. Given the noture of
the neor.verticol bluffs, which commonly exceed 100 m in height,

occurote mopping hod lo ba corried out ot lorge scoles with detoiled
topogrophy. We first ussd [iDAR doto to generote proliles of the bluffs
ot exposed oreos- We then used o GPS linked to o loser rongefinder to
locole geologic conlocls ond londslides. The finol producl wos o verlicol
"ship mop" linked to londslide invsnlory dolo, photogrophl geologic
cross sections, ond previouslyinlerpreted well logs. This proiect wos porl

of o lorger, federolly-funded proiect to invenlory ond ossess neorshore

morine hobitot ond woter quolity. The informotion is being used by tribol
plonners ond regulotors in the development of lond-use ond hobitot
monogBment sFolegies on the reservolion,

Modelling ond Mopping Criticol 5 ond N Depostion Loods
Ior Forest Soils in the Georgio Bosin, BC
Poul Arp*, loe Ogilvie, Mo* Costonguoy, UN8

This poster illustrotes the opprooch token lo model ond mop criticol S
ond N lood (CL) ond exceedonces of forest soils within the Georgio
Bosin, bosed on on uplond.wetlond delineotion ot high resolution
(10 ml. This poster outlines the bosic modeling steps, ond shows the

composition o[ the vorious do]oloyers use for synthesizing lhe crilicol
lood mop, ond likely exceedonces incurred. lncluded is $e process thot

ollows lor o shorp ond systemotic delineotion o[ soils lhol ore generolly
well droined from soils thot ore not. Criticol N loods ore much offected
by soil droinoge stotus: poorly droined soils tend lo denilrify while

odding dissolved orgonic nitrogen (DON) to sheom wotrer; uplond soils

on sts€p lerroin tend not lo denifify, ond moy deliver DON to streoms,

but only during periods o{ sur[oce run off. The opprooch is bosed

on estimoting nutrienl supply ond demond of the growing loresl, in

equivolenls par heclore per yeor. This opprooch olso deols with steody-
stote ond dynomic C[ ossessmenls, with the lotter used to oscertoin
bose<olion deplelion rotes in response to octuol ond proiecled S ond N
emission ond deposition lorgets.

Assessing Climote-lnduced Thrcots on Alpine Biodiversity
in Southweslern British Columbio: Estoblishing the First
Conodion Sites of the Globol Observorion Reseorch
lnitiqtive in Alpine Environmenls (GtORlAl
Krislino Swerhun *, University o{ Viclorio

The oim of this proiecl is to ossess climote-induced threots on olpine
biodiversily on soulhern Voncouver lslond (Mount Arrowsmith Biosphere
Reserve) ond in lhe Whisder oreo lGoriboldi Pork). The reseorch

methods used will include the Georgio Bosin in on internotionol
proiect know os the Globol Observotion Reseorch lnitiotive in Alpine
environments (GLORIA). The GIORIA proiect wos estoblished in Europe

to stondordize olpine monitoring in order for it to be comporoble
oround the world for the ftrst lime. By contribuling to o strong globol
nehrork of long-lerm olpine monitoring sites (designed to exist in

perpetuity), this proiect helps develop o powerful tool for evoluoting the
implicotions of climoteinduced threots on high-mountoin ecosystems. Of
the 47 oclive reseorch sites globolly, these ore the first wilhin Conodo.
The study in the Georgio Bosin is port of o mosters of science thesis ond
included compiling historicol climote, geologicol ond biodivarsity doto,
estoblishing permonenl study plots on four summits in eoch sludy oreo,
craoting boseline vosculor plont i;wentories, documenting cover types,

selting up photo monitoring, ond olso inslolling temperoture loggers

oiming to document micro.climoles. Doto onolysis reveols whol foctors

might be conholling biodiversity in these olpine oreos ond olso give
insight to the type of plonl communities found.

Shoreline lmpod from Residentiol Development on
Voshon-Moury lslond
Juslin Boeverc ", Kohino lossiler, Mory Romireq University of
Woslrington

Voshon-Moury lslond (VMl) is on unincorporoted rurol communily in

centrol Puget Sound thot is included in o shoreline chonge onolysis
conducled through the Puget Sound Neorshore Ecos;rstem Reslorotion

Proiect. VMI contoins olmost 50% of King County's shoreline, with o
lower populotion density ond o slower populotion groMh role thon the

counfy oyeroges. The residentiol development on VMI hos remoined

mos y rurol ond is o defining choroclaristic of the islond. Conshoints
such os woter ovoilobility, difficulty of hovel to ond from the islond,

ond o desire to retoin o rurol identity hos limited growlh. However, os
ferry tronsportotion enobles more convenient commuting, technology
ollows for mor6 tol6commuting opporlunities, ond property volues
relotive to neighboring Seottle ore reosonoble, this once somewhot
isoloted communily is becoming more desiroble ond foces developmenl
issues thot olreody 6xisl omong mony olher cooslol communilies. This

onolysis concludes thot residentiol development is the primory driver of
shoreline chonga on VMl. Furthermore, the size ond shope of shoreline
porcels, resembling o conligurotion ol'piono keys,' is correloled to
the hequency ol shoreline ormoring. With on increosing demond to

live on VMl, residentiol shoreline development ond shoreline ormoring
should expond, resulting in increoiing negotiye impocts on neorshore
ecos)rslem processos.

Chonges ond Trends in Puget Sound Sedimentr: Results
of lhe Puget Sound Assessmcnt ond Monitoring Progrom,
r989-2005
Yolerie Porlridge*, Sondro Aosen, Morgoret Dutch, Woshinglon Stote

Deportment of Ecology

As port of the Pugel Sound Assessmenl ond Monitoring Progrom, the
Woshington Stote Deportment of Ecology sompled sediments ol len
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fixed monitoring stolions in Puget Sound eoch spring {rom 1989.2006
to ossess sediment quolity ond chorocterize benthic mocroinvsrlebrote
communilies. One gool o[ the progrom is lo determine chonges ond

trends in levels of chemicol contominonls ot s-yeor intervols. Berwean

I989-1996 ond 2000, humondriven chonges in contominonls included
decreoses in m€lols concenlrolions ond increoses in polycyclic oromolic
hydrocorbons IPAHs). Preliminory updotes of condition ond onolysas o[
hends bosed on the 2005 sompling for chemicol contominonts will ba
presented.

Woshington Stote's MooringrBosed Morine Woter Quoliry
Monitoring Progrom
Brion Gronthom *, Stephonie Joeger, WA Stote Dept of Eco/ogy

The Woshington Stole Deporlment o[ Ecology monitors morine woler
quolity using monthly floot plone-bosed sompling. However, olthough
these doto ore uselul {or exomining seosonol or longer trends, they

connot resolve high frequency fluctuotions in porometers such os

dissolved oxygen which con hove importont consequences for morine

ecosyslems. Recognizing the need {or greoter temporol resolution,
Ecology begon devalopment o[ o mooring-bosed moniloring progrom
in 1997 with the instollotion o{ four stotions in Willopo Boy. Ecology
currently hos 2 e[[or]s underwoy to dovelop ond expond its mooring-

bosed monitoring progrom - q NANOOS Pilot Proiect ond on Ecology
Urbon Horbors Monitoring Proiect- The NANOOS Pilot brings together
existing Oregon ond Woshington moniloring systems to develop
the Pocific Norlhwesl componenls of o nolionol integroted oc6on
obsarving syslem (lOOSl. The Urbon Horbors Monitoring proiect is

designed to demonslrote the feosibility ond utility of providing reol-time

monitoring of woter quolity in Hood Conol ond South Puget Sound

locotions experiencing, or ot risk [or, severe hypoxio. Both proiech
loke odvonloge ol the expertise ond lT infrostructure provided by the

Oregon Heolth ond Sciences Universiiy IOHSUI monitoring network for
lhe lower Columbio Rivar. This posler describes progress on both these

proiacts, os well os lhe currenl slotus ond future plons for Ecology's
complete mooring-bosed monitoring system.

Comporison of Morine Bird Populotion Estimotes Using
Morc Detoiled Strotificotion, Applied to PSAMP Wintcr
Aeriol Surveys Conducted in Woshington qnd Eritish
Columbio 1992-20(l,6.
Joseph Evenson 

*, Dovid Nysewonder, Woshingion Slote Deporlmenl ol
Fish ond W,ldlife
Glenn Ford, R.G.FonJ Consulting Compony
Bryon Murphie, Thomos Cyro, WA Dept of Fish & Wildlib
Andld Breouh, Environment Conodo (Conodion Wildlife ServiceJ

Georeferenced oeriol surveys of morine birds ore onnuolly conducted
in bolh the inner morine wolers of Woshington Stote ond naorby
portions of British Columbio. The output of these surveys is primorily
expressed os morine bird densities. Survey doto ore currently strotifiBd

into twodeplh zones (<:20 meters, ond > 20 meters) using 1978-79
hobitot polygons. While this method hos worked well in estimoting
relotive populotion density indices, the level of strotificotion hos not
worked well in estimoting populotions, ond provides lorger aslimole of
vorioncs thon desired becouse birds ore ossocioted with depth zones

ralotad to feeding strotegies. The two levels of strotificotion used do not

raprasent ocluol distribution ocross depth zones thol ore encountered
lor most species. To rectily these problems so more occurote populotion

estimoles ond vorionce could be estimoted, we r+strotified the

srofificotion usad for Woshington' s inner morine woters into hobitot
polygons bosed on sixdepth zones (GlOm, lG20m, 2M0m, 4O60m,
6Gl00m, ond >l00ml. ln oddi on, we split the l00m strip lronsect into

lwo seporote 50m slrips ond positioned them lo be more reflective of
eoch sfips' depth locotion. A computer opplicotion wos developed to

colculole populolon ond vorionce using fie six-zone depth stroto. We
compore the previous method of colculoting populotion indices with the

nawer method lor selected species.

Slotus ond Trends in Fecol Pollurion in Shellffsh Growing
Areos of Pugel Sound firough 2005
Timothy Determon', Woshingtoo Stote Deportmenf of Heolth

The Woshington Slote Deportment of Heolth (DOH) us6s o syslemolic
rondom sompling strolegy to monilor fecol coliform bocterio in shellfish

growing oreos in Woshinglon's morine woters. Stotistics (geometric

meons ond ninetieth percentiles) ore usad io clossify the growing oreos
to protect shellfish consumers. To support lhe Puget Sound Ambient
Monitoring Progrom (PSAMP), lhe slotistics were olso used to determine
stotus ond trends within ond omong 97 shellfish growing oreos in Puget

Sound lrom 2001 through 2005. A'Fecol Pollution Index" (FPl) wos

used to ronk the growing oreos occording to fecol pollulion impoct in

2005 ond to trock temporol trend in severol growing oreos lrom 1998
through 2005. The ralotionship o[ trends in selected shellfish growing
oreos with remediol octivities in uplond wotrersheds ore oddressed.

Survey of Breeding Pigeon Guillemots on Whidbey lslond
Fronces Wood', Whidbey Audubon Sociely
Phyllis Kind, lslond County Morine Resources Commillee

This study documents the breeding colonies of Pigeon Guillemols
(PlGUs) in the bluffs of Whidbey lslond ond records guillemot behovior
to ossess breeding success. Jointly supported by Whidbey Audubon,
Woshington Audubon ond the lslond County Morine Resources

Commitlee, fiis citizen science project troined 30 volunteers who visited
23 octive guillemot colonies ol leost six times during the breeding

seosons of 2004, 2005 ond 2006. The colonies voried in size from
l5 to 134 birds. There were o totol of over 900 PIGUs in the colonies
during 2006 but only l5O octive burrows, so roughly 'l/3 of the birds
ottempted to breed this yeor. ln lote Moy ond June the birds visited lhe

burrows frequently ond some were incuboting eggs. By the end o[ June

we begon lo see octiyities ossocioted wilh young in the burrows; i.e.,

odults delivering fish to the burrows. Since the young fledge ot night in

lote July ond August ond disperse beyond binoculor ronge quickly ofter
fledging, we sow very few iuvenile birds from the shore in 2004 ond
2005. ln 2006 we surveyed by boot in August ond September ond

observed 34 iuvenile PlGls. They were usuolly severol hundred yords
oflshore ol woter depths o[ 40 to 100 leet.

Posler Group 6: Neorshore

Son Juon County Soh Shore Reslorotion Blueprint
Jim Jolronnesseo Andreo MocLennon*, Tino Whitmon, Coostol
Geologic Services

The objective of this study \ /os to prioritize beoches with documented
or potentiol foroge fish (surl smelt ond sond lonce) spowning hobitot
for bulkheod removol ond soft shore protection in Son Juon County,
Woshington. To reoch this gool, the results of physicol, biologicol ond
londowner willingness ossessments were integroted into o GIS ond
onolyzed to delermine the besl proiects lo seek funding {or beoch
enhoncement. A threestep process wos employed to eliminote sites

bosed on chorocteristics thot influence lhe success ond sustoinobility of o
beoch nourishmenl proiect. lnitiolly o coorse Iilter eliminoted siles bosed
on existing quolitotive doto, followed by o secondory filter thot utilized
doto collected during field visits. The finol step in the prioritizotion
opplied o point system thot weighed the quontity o[ spowning hobitot to
be enhonced with the llkelihood of proiect success. Siles with the highesl
scores were o{ the highest priority for beoch enhoncement. Speciffc
recommendotions lor beoch restorotion ond enhoncement were mode
{or the top ronked sites. This study wos conducted by Coostol Geologic
Services ond Friends of the Son Juons, ond funded by o gront from the
Russell Fomily Foundofion ond the US Fish ond Wildlile Service.
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Clossifying Agriculturol Lond in on Urbon londscope with
Applicotion to Woterfowl Conservolion
Don Bulfettt, Ducks Unlimited Conodo

Agriculturol oreos provide key hobitots for migrotory birds ond
mopping of these oreos provide importont informotion [or ogriculture

ond conservolion plonning. This proiecl evoluoEs the technicol

considerolions, humon resource requirements ond opplicotion o[ remole
sensing o[ ogricuhurol lond within on urbon ogriculturol londscope. The

opprooch used o hierorchicol kee clossifier ond on 84 loyer dotoset

thot consisted of 6 individuol sqtellite bonds ond y' imoge tronsforms for
eoch of the four [ondsot 7 imoge dotes os well os 36 chonge vector
lronsforms. Using o 2,4 ond I ogriculturol closrilicotion scheme tha
Tosseled Cop tronsform {TC) hod significontly higher overoll occurocies

thon other tronsforms. For the 8 closs ogriculturol clossificotion scheme,

the TC tronsform hod o higher occurocy {75.lo6+ 1.6) thon the

normolized difference vegelotion index [60.6 + 1-8), second modified
soil odiusted vegetolion index (60.6 ! 1.81, or orctongenl lo the simple
rotio 159.4 + 1.8), ond hod comporoble occurocy to the doioset using

oll 84 doto loyers 177.6 + 1 .5). The decision tree clossificotion reploced

the requirement of roster bosed clossilicotion softwore ond reduced the
Iinonciol cost o[ clossificotion by 25%.

Son Juon Archipelogo Shoreline Proleclion Compoign: on
lntegroted Approoch
Tino Whitmon*. Shonnon Dovis, Jim Slocomb, Stepfionie Bu,lum Field,
Fnends of lhe Son Juons

With over 400 miles of morine shorelines, Son Juon Counly provides

significont feeding, breeding, refr.rge ond migrolory hobitot for ftsh,

seobirds, morine mommols ond their prey.,As development in Son Juon

County intensifies, sensilive neorshore ecosystems ore inoeosingly
ot risk. Protection of neorshore morine hobitst hos been identified os

ths most importont solmon recovery strotegy for Son Juon County.

Friends of the Son Juons utilizes o multi-pronged opprooch to improve
the prolection ond restorotion of criticol neorshore morine hobitot

ond oid ecosystem recwery efforh in fie Son Juon orchipelogo-
Fundomentol strotegies of Friends' neorshore hobitot progroms include

the inlerweoving of science ond policy, public ond privoto portnerships

ond regulotory ond volunteer opprooches. Methods ond results o[ the

following proiects will be summorized: I ) Shoraline Permit Dotobose

Anolysis, 2) County Neorshore lmpocl Ass€ssment 3) Soh Shore

Restorotion Blueprint,4) Solmon Eosemenh ond 5) Eelgross Restorotion

Assessment. Chollenges ond successes of the shoreline proteclion

compoign's integroted opprooch will be highlighted ond provide insight

for others working to ensure long term prolection o[ neorshore morine

hobitot in Puget Sound

Neorshore Lond Use Density Correlotes with Rcduced
Probobility of Herring Spowning
Roymond Wolh r, U.S. Geologicol Survey

Vivion Queijq USGS

Over lhe posl thirty yeors, the Puget Sound Bosin hos experienced

intense urbon growth thot hos resulted in the degrodotion of noturol

hobilot for oquotic species. Becouse of increosed toxic levels in

Puget Sound ond decreosed riporion hobitot, severol solmon species

ore now listed os endongered ond the residenl orco populotion os

threotened. lntegrol lo the diels of both solmon ond orcos ore severol

foroge fish species, such os herring, thot spown in the neorshore

zone of Puget Sound. Although uplond oreos, rirers ond dreoms,

ond their riporion oreos hove been investigoted for mitigotion efforts

ond restorotion proiects, greoter understonding of the neorshore

environmenl ond processer ore needed to connect lerreslriol ond

oquotic mitigotion efforts. This poper describes on initiol effort in o

long+onge interdisciplinory study by the U.S. Geologicol Survey ond its

portners lo explore the effects of urbonizolion on neorshore processes

ond ecosyslems. We exomine lond use potlarns olong the neor shore of

on emboyment of Puget Sound b delermine onthropogenic indicolors
ol stresses to foroge fish spowning. We use o spotiol onolysis of porcel

counb olong lhe shoreline to show fiol increosed urbon density neor
fie shore is positively correloted with reduced probobility o[ herring

spowning. Scientists in the USGS Coostol Hobitots in Puget Sound
(CHlPSl Proiect use resulls from this onolysis o[ ossociotions between

urbon ond ecologicol stotus, ond other similor onollnes, to locus
processbosed investigotions of couses ond eflects.

Oil Spill Exlenl ond lmpocts Along the South Coosl of
Voncouver lslond: A Simulotion Approoch
Seon Hollonds*. Cosla Moyciro, Universily o{ Victorio
Lyle Fotley. Conodion Forces Bose - Esguimolt

Oil spills oround the British Columbio coost ore regulor occurrences

despite oll precoutions ond rules in effecl. These oil spills hove dromotic

detrimentol elfecls on the oquotic ond oshore environment. Therefore
there is o need for the development o[ scientificolly bosed procedures to
minimize oil impocts on lhe environment. To do so, it is vitol io be oble lo
simulota the spotiol ond temporol dispersion of oil ot lhe time of the crisis

ond estimote lhe troiectory of the oil lo ollow interception before lhe spill

hils the shoreline- This eorly interceplion will significontly decreose lhe
incidentol domoge, cleon up cost, ond public relotion issues. ln this light,
lhe gool of this proiecl is to describe o potentiol system for forecosting

oil spill trojactories ond possible impocts on the British Columbio cooslol
zone. Specificolly, we perlormed simulotions of oil spills with mognitudes

of 3500 tons ond 7000 tons of oil, ot lour different locotions oround
Voncower lslond- The simulofions were performed with the oil spill

koiectory softwore, Crisis Monogement Syslem Mop (CMSMAP). Given

cerloin conditions of the environment ond oil viscosity, the results show
no signilicont difference on ihe oreo o[ shoreline hobitot impocted by
the different omount of oil in the woler. This is becouse o[ the slrong
currents, tide effects, ond wind conditions of our coost. These results

hove greot implicotions for the need of de{ining fosl interception o[ oil
spills even ot reduced omounl.

Thotcher Boy Neorshore Reslorolion Design: Developing o
Merhodology
Joel Breerns 

*, University of Woshingion
A/ison Studlef, Skogil Fisheries Enhoncment Group
fim Nelson, Seottle Pocilic Universily
Kern Ewing, Unr'versif oI Woshington
Joel Elliotl, Universir), of Puget Sound
Sondy Wyllie-Echeve rrio, Univenity of Woshington
Bob Worinner, WDFW

The Puget Sound Georgio bosin hos o history rich in the horvest

ond processing of timber resources. The legocy of this history is the

common occurrence o[ wood wosle in morine environments. Thotcher
Boy, locoted on Blokely lslond in the Son Juon lslonds, is one such

impocled oreo. ln resaorching potsnliol resiorotion ohernolives for
the sile it become cleor thot little work hos been done in developing
methodologies for restoring siles contominoted by wood woste. The

Tholchar Boy plon is on interdisciplinory opprooch to restorotion. ll
incorporotes locol history ond contemporory field doto inlo lhe science
which develops on oppropriole restorotion strotegy lor the Boy. This

opprooch lokes into occounl the historicol ond currenl condilions of
the impocled oreo to determine o reitorolion plon. Our objective is to

develop on ossessment methodology for Thotcher Boy leoding to o
reslorolion plon thot con be used os o templote for similor reslorotion
elforts throughout lhe Puget Sound Georgio bosin region.
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Chonges in Pqciffc Herring (Clupco polloriil Spowning
Ground Use by the Cherry Poinr, Woshington Stock, 1973-
2006.
Kurr Srick 

*, Adon Lindquist, WDFW

The Cherry Point, Woshington herring slock hos experienced o dromotic
decline in obundonce since quontitotive sompling begon in 1973. Once
the lorgest in Woshington stote woters, lhe Cherry Point stock decreosed
from o high of 15,000tonsin 1973roolowof 800tonsin2000,
followed by o groduol onnuol increose lo 2,200 tons in 2006. Wilh
the decreose in obundonce, o greoier proportion ol spowning octivity
hos occurred in the Cherry Poinl sub-oreo {beueen south Birch Boy
ond Sondy Point) of the stock' s documented spowning grounds. This

section of shoreline hos been the subiect ol plons for increosed industriol

development os o deepwoter port locility. These plons prompted these

onolyses to quontily observed chonges in spowning ground use by
the Cherry Point herring stock. Anolyses mode use of the dotobose o[
herring spown deposition survey doto collected since 1973. Spown

deposition ond eslimoled spowning elcopemenl resulls were shotified
inlo 50O meler sections of shoreline of the Cherry Point stock' s

spowning grounds, These doto were then mopped- Bofi generol ond
specilic chonges o[ spowning ground use ovar time ore eosily identified

by this technique,

Monitoring Shoreline Hobitot Reslorotion Sitee lor Foroge
Fish Use in Sincloir & Dyes lnlet, Woshington
Doris Smoll*, Woshington Depoament of FisA ond Wildlife
Rbhord Bozzell, Tyson livesey, Jon Povy, Ty Snyder, Western
Woshington Universi\
Chris Woldbillig, Woshington Deporlmenl of Fish ond Wildlife

An importont func]ion of the upper beoch in mony locotions in Puget

Sound is spowning substrote for two specias o[ foroge fish, surl smelt

(Hypomesus pretiosus) ond Pocilic sond lonce {Ammodytes hexopterus).

Mony of the former high intertidol oreos of Sincloir ond Dyes lnleh
hove been lost due to filling ond ormoring. Yat, foroge fish spowning
sites persisl in neorly oll pockets of beoch with intoct upper beoch
profiles. Restorotion o[ neorshore hobitots suitoble for foroge fish

spowning is proposed in mony locotions in Pugel Sound. Monitoring
ond documentotion of existing siles is useful to promote successlul

strotegies ond ovoid potentiol problems in hobitot restorolion design.
Urbonized settings pose porticulor chollenges, in thot beoch forming
processes ore often compromised. We monitored foroge fish use ond
physicol porometers ossocioted wilh Mo b€och restorolion sites built
in 2000 ond 2002 (Jockson Pork, Chorleslon Beoch) ond o neorby

noturol site (Ross Poinl). Beoch profiles steepened in the upper beoch,

mosl noticeobly ot one section o[ Chorleston Beoch which lost neorly

oll o[ the supplementol beoch moteriol. Foroge fish spowning density,

mortolity ond frequency voried by locotion, with greotest morlolity ot
lhe reslorotion siles eyen when densities were similor. Lessons leorned
through monitoring existing restorotion sites will help guide future

restorotion proiect design.

Protection, Restorotion ond Enhoncement of Aquotic [ondsl
Woshington Deportment of Noturol Resources Aquotic
Reserves Program
Kyle Murphy*, Dovid Polozzi, Wosfiington Deportment of Nolurol
Resources

The Aquotic Reserves Progrom is port of the Woshington Deportment of
Noturols Resource' s (DNR) efforts to protect importonl environmentol
resources on stoteowned oquotic londs through preservotion,

restorotion, ond enhoncement. Aquotic Reserves protect sensitive

hobitots for o wide ronge of oquotic orgonisms. The obiective ol
the progrom is to prolect ond support these oquotic systems ond
their functions obove other uses. There ore currenlly two estoblished
Aquotic Reserves in Puget Sound, ond two odditionol sites hove

been recommended [or Reserve stotus by the Commissioner of Public

londs ond ore in vorious stoges of the review ond estoblishment. The

Aquotic Reserve Progrom provides reseorch opportunities {or scientists

interested in sludying the Puget Sound ecosystem. Areos of reseorch

needs include noturol resource inventories, woter quolity impocls ond

mitigotion, hobitot r€stcrotion ond enhoncement. At the Puget Sound

Reseorch Conference, DNR will be soliciting opplicotions for Aquotic
Reserves for 2OO7 /2008. DNR will be looking for opplicolions thot

coplure sites lhot exhibit high ecologicol quolity ond con enhonce

monogement o[ oquolic resources. Applicotions should be for

oquotic londs of speciol educotionol or scientific interest, or speciol
environmenlol imporlonce. Appliconts ore encouroged to consult Priority
Morine Sites {or Consorvolion in Puget Sound developed by DNR, ond
similor documents thot identity high quolity hobitots ond ecosystems for
polentiol protection, conservotion ond restorotion.

Iemperolure ond Shoding Effeds on SurI Smeh,
Hypomesus Pretiosus, Egg Survivol
lindo Rossell*, Cedor Crest College, PA

Poul Dinnel, Wesrern Woshrngton Universily

Much of the vegetotive shoding on Puget Sound surl smell (Hypomesus

pretiosus) spowning beoches hos been losl to shoreline development.
As o result, sondgrovel beoches experience higher summer substrote

temperotures ond light intensity. Field ond loborotory experimenls were

used lo determine if shode ond temperolure hove on effect on surf

smelt egg survivol. Eggs were incuboted ol vorious temperotures in the
loborotory [or eight hours to determine lheir temperoture loleronce. A
field experiment used two shoded (screen mesh ond opoque plostic)

ond unshoded lreolmenls lo determine how shoding ond lemperolure
offecE egg survivorship. A porollel loborotory tonk experiment wos
set up to compore shoded ond unshoded egg survivorship under

controlled loborotory conditions. Our results showed thot there is o
strong relofionship betr,veen shode ond lamperoture ond the survivol of
summer-spowned sur[ smelt eggs. Egg survivol wos significontly reduced
following 8*our loborotory exposures to temperotures o.rer 2O JC

ond wos virtuolly zero ot lemperotures over 30 IC. ln on 8doy ffeld

experiment, egg survivol wos good in the shoded treolmenl, bul zero
in the shoded ond portiolly shoded treotments. Sediment lemperotures
reoched 40, 35 ond 30 iC in the unshoded, portiolly shoded ond full

shode lreolmenls, respeclively. Egg survivol in the SJoy loborotory
exposure tonks wos unilormly low due to design flows thot ollowed
temperotures to exceed 30 JC in both the shoded ond unshoded
treotm6nls.

Moking the link Visuolizing Neorshore Hqbitot Needs
Irom Juvenile Solmon Diet Studies
Michelle Licori*, Weslern WosAinglon University

Moking the Link: Visuolizing Neorshore Hobitot Needs Irom Juvenile

Solmon Diet Studies Ulilizotion of neorshore enyironments by iuvenile
Chinook sqlmon (Oncorfiynchus bhowykcho) wos lhe focus of on in-

depth study conducted by the Woshington Deportmenl of Fish ond

\Vildlife in 2001 ond 2002. lt wos found ihol luvenile solmonids
occupying Puget Sound shorelines enioy o diverse diet, including
prey lrom ]erreslriol sources, woter column, ond substrote. Shoreline
ond neorshore oreos ore oddilionolly used os refuge ond migrotion
corridors. The need to protect foroging hobitot of this Pugot Sound
specios, listed os Threotened under the Endongered Species Act, ond
the chollenge of convaying lhis informotion to the loyperson is fie
foundo on of this presentotion. To demonstrote diet diversity o[ juvenile

fish to o voriety of oudiences we olfer o prototype disploy unit using

individuol somplos to illushote temporol ond spotiol models of foroge
usoge in neorshore hobitots during this criticol lif+stoge. Bridging
gops in comprehension ond understonding complex scientific studies

ond results is of concern when hying to moke cleor lhe importonce of
proteclion of neorshore hobitot. lt is our intent to expond this prototype
model to further the viewer' s understonding of prey hobitots, life
histories, ecologicol structure ond funclion, thus moking the link to



brooden the scope of "neorshore" environmenls.

Resource Protoction in the Olympic Coost Notionol Morinc
Soncluory: A Pilor Projecf to Addrcss Derelic Fishing Geor
Kotrino Hofimon', University of Woshington, School of Morine Affoirc

ln 2004, the Olympic Coost Notionol Morine Sonctuory (OCNMS)

successfully opplied for funding from NOAA' s Office of Response ond
Reslorotion to initiole o derelict lishing geor pilol prolect in loco]ions of
geogrophic importonce lo the Sonctuory. The proiect wos initioted to

ossess the scope of the problem, odopt derelict geor techniques used

elsewhere, ond lroin divers to perform removol operotions. Scope of lhe
problem ond success of the pilot will be evoluoted to determine whefier
derelict geor removol should be o progrommotic locus of the Sonctuory.
Diver surveys ond side scon sonor were used to locote derelict geor.

Mops indicole the locotion o[ nets ond crob pots removed through this

effort. Biologicol specimens enlongled in recovered nets ond pots were
identified ond quontilied ond results ore presented in this poster.

Pocter Group Z Seogross & Orher Aquolic
Vegelotion

Assessment of Eelgross lZostl.ro maninol loss in the Son
Juon Archipelogo
Tino Whitmon*, Friends oI tfie Son Juons

Sondy WyllieEcheverrio, Universily o{ Woshinglon
Eric Grossmo4 Renee lokesue, Unrted Stotes Geologicol Survey

Tom Mvmford, Helen Berry, WA Deporlmenl of Norurql Resources

Moggie Dulch, WA Deportment of Ecology
Jon Newlon, Unrversily oI Woshington
Yictorio WyllieEcheverrio, Fridoy Horbor Lobs, LJnivercity of Vidorio
Anne Boencfier, Univercity ofSoutfi Alobomo
Jim Slocomb Friends of,Ae Son Juons

Ginger Iennont, Uniyersity of Wosfiingron

We con now verify thot between 1995 ond 2OO3/O4 morethon30
ho o[ the seogross Zoslero morino {eelgross) disoppeored within smoll

emboyments in lhe Son Juon Archipelogo. A progrom to ossess putolive

couses of this loss begon in 2004; howevel becouse no obvious

couse(s) wos identified we initioted on interdisciplinory progrom tro

invesligote severol possibilities. Our eflo involves colloborotion o[
scientisls from stote ond federol ogencies, universities ond NGO's.
The {irst phose included developmenl of on oppropriote sompling

design, saleclion of field sites ond evoluotion o[ suitoble ossessment

techniques. At o voriety o[ emboyment ond open wolor sitas we initioted

o survey progrom to ll ) ossess environmentol voriobility thot includes
woler column properties (temperoture, solinity, turbidity, chlorophyll

concentrolion, dissolved oxygen, submorine PAR) ond sedimenlotion

rotes, sedimenl groin size, redox ond sedimenlory contominonts ond
(2) monitor chonge s in Z. morino shoot density, Ilowering occurrence,
internode spocing ond diseose presence. ln oddition, we ore reviewing

Puget Sound Assessmenl ond Monitoring Progrom orchives such os long

term sediment monitoring, submerged oquotic vegetotion moniioring,

ond woter quolity meosuremenfs. We describe the geogrophic
distribution of our reseorch sites, summorize ossessment results ond
discuss implicotions of this work to guide eelgrosi restorotion ond
prolection plonning.

Community Eelgross Reslorotion in British Columbio
Cynlhio Duronce*, Precision ldenlrfitotion
Nikki Wright, SeoChonge Morine Conservolion Society

The success{ul eolgross (Zosaero morino) konsplont proiects thot

were compleled in British Columbio prior to 2000 were in response

lo developmenl pressure ond lo ensure No Nel Loss of these crilicol

hobitots. SeoChonge Morine Conservotion Sociely contocted Precision

ldenlficotion Biologicol Consultonls in 1998 for ossistonce resloring

eelgross in o site heovily impocted by o cement foctory on the Soonich

Peninsulo. Since then this restorotion tgom hos developed tools to ossist

communilies in selecting sites for tronsplonling ond provided troining

ond guidonce to communilies throughout British Columbio lo enoble
re€stoblishment of historic beds. ln oddition io creoting voluoble hobitot,
the honsplonts hove fostered respect for eelgross omongsl volunleers
from five to eighty{ive yeors of oge. The tools ond methods ore
described, ond severol o[ the community konsplont projects ore proliled
wilh lessons lhot we hove leorned olong the woy.

Mopping Eelgross Distribution Using Hyperspectrol
lmogery, Gulf lslonds Nqtionol Pork Reserve, British
Columbio
Jennifer O'Neill', Moyciro Coslo, University ol Viclorio
Toro Shormo, Porks Conodo
Nicfrolos Komick, Wote/oo Pereiro Filho, Universily ol Viclorio

Eelgross, on importont component o[ inter- ond sublidol ecosystems,

hos exhibited worldwide communiry decline in hypothesized response

to light ottenuotion imposed by eutrophicotion ond s6dimentotion.
Therefore, to ossess cooslol ecosystem slotus, there is o growing need
to cost ond time-effeclively monitor ealgross ond ossocioled subslroto.
This study seeks to remotely mop eelgross distribution oround Sidney
lslond, BC. Using remote ond in situ dob, h./o obiectives were explored.
The first wos to determine the optimol combinotion of spectrol ond
spotiol resolution for occurotely resolving bed locotion ond size. The

second wos lo determina o woter depth ronge within which eelgross
spectrol signoiures could be sufficienlly distinguished lrom surrounding
woter ond substroto. Two,melre resolulion hyperspechol imogery wos

ocquired over Sidney lslond with oirborne sensor AISA. Concurrently, in

sifu obovewoter hyperspectrol 16mots sensing rellectonce, underwoter
videogrophy, ond wobr rcmples for opticol conslituenl onolysis were
collecEd. Vorious spotiol ond spectrol resolulions were simuloted from
the dotoset, ond $e mopping occurocy of eoch product wos determined
using o speclrol mixture onolysis of eelgross ond other subshotes. The

desired product is o resolution ond tidol ronge combinotion offering the
mosJ occurote ond cosl-baneficiol eelgross locolion mop, ond will result

in recommendotions for remote ecosystem integrity monitoring ond pork
monogement.

CIR Aeriol Photomopping o[ lnteilidol Eelgross in PNW
Estuories
Dovid Young *, Potrick Clinton, Dovrd Specht, Henry tee ll, U.S.

Environ menlol Proieclion Agency

The obiective of lhis study wos to develop ond test o ropid, cost-

effeaive melhod o[ mopping the intertidol (ond surfoce-visible subtidol)
di$ribution of eelgross (Zosl,ero morino L.) meodows ond potches in

the turbid coostol estuories of the Pocific Northwesl (PNW). lnitiol

comporisons between true color ond folsecolor neor.infrored (color

infrored, CIR) film indicoted the cleor odvontoge o[ CIR film in oeriol
photomopping surveys of this region. The photosurveys musl be
conducted in cleor (or uniform high overcost) weothar during doylight
low tides, when substontiol portions o[ eelgross distributions in coostol
estuories ore tidolly exposed. The most relioble surveys ore obtoined
in lote spring before the summer blooms ol benthic mocroolgoe thot
con interfere with occurote clossificotion o[ intertidol eelgross ond bore
substrote hobitots. The technique reported here incorporotes o hybrid

opprooch toword digitol clossificolion o[ CIR photomop imoges, with
o minimum mopping unit of 2.5 m x2.5 m. Comporison o{ results with
lhose from ground surveys in four Oregon estuories yielded weroll
occurocies ronging from 83 to 100 percent. Best rasulls were obtoined
when troining surveys included GPS ground mopping o[ the upper
morgin of selected eelgross meodows. Applicotion o[ this technique
should ossist in the delineotion ond ossessment of inlertidol eelgross
dishibutions in the PNW, ond foctors thot moy stress this importonl
estuorine hobitot.
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Eelgross decline ond ldeholl5N rolios in lhe Hood Conol
Elizobelh Wheol*, University of Woshington
Peter Dowty, Wosfiington Stote Deporlment of Noturol Resources

Jennifer Ruesink, Unrversify of Woshington

Seosonol hypoxio couses locolized "deod zones", closures of moior
ftsheries, ond lorge scole fish kills. lt is o problem of growing notionol
ond internotionol concern. Hypoxio con be driven by mony foctors
or combinotions of foctors including long residence time, chonges in

oceonic conditions, deforeslotion, or eulrophicotion from onthropogenic
nutrienl sources. lncreosing nikogen levels hove been shown to initiote

seosonol hypoxio in mony esluories ond moy thus ultimotely be
responsible for fish*ills ond eelgross decline documented in the Hood
Conol, Woshington. Stoble isotope rotios, porticulorly for corbon ond
nitrogen, con be used to distinguish between morine, terreshiol, ond
onthropogenic nikogen sources. This study uses o poirsd somple
design to exomine spotiotemporol voriotion in stoble isotope rolios

{porliculorly 615N1 ol sites of eelgross decline ond stobility in lhe Hood
Conol. Nitrogen is of centrol concern becouse eutrophicotion con couse

shifts in primory producers ond concomitont chonges in the structure of
estuorine Iood webs. This study onolyses oyster, eelgrosl POM, ond
green olgol tissues lo ossess lhe source o[ nitrogen entering Hood Conol
food webs. Additionolly pore woter somples were gothered to ossess

inter-site voriotion in nilrogen concenlrotions. These doto will help us

understond if differences between sites in eelgross groMh rotes, density,

ond reproductive effort ore driven by nitrogen source ond oyoilobility.

Eslimoting Sufficient Somple Sizes lo Detect Chonges in
Eelgross Density
Kirk Krueger*, Timolhy Quinn, Rondy Cormon, Wosfiingtoa Stote
Deportmen, of Fish ond Wildli[e
Sondy Wylliefcheverrio, Fridoy Hor$or loborotories ond UW Eotonic

Gor,Cens

Tino WyllieEchercnio, Wyllie.Echevenio ond Associoles
Kurl Fresh, NOAA Fisfieries

Erion Willioms, Woshington Deportmen o{ fish ond Wildlife

Eelgross (Zostero morino) provides importont ecologicol services in the

neorshore, hos been designoled os criticol hobitot, ond is protected by
o none oss policy in Woshington Stole. When proiects ore proposed

thot moy impoct eelgross, such os instolling docks or underwoter cobles,
the stote ol Woshinglon moy require surveys lo monilor chonges in

eelgross density. The guidelines for survep required by lhe Woshington
Deportment of Fish ond Wildlife ore sufficienlly generol to ollow
rigorous monitoring. However, specilic auidonce describing sufficient
somple sizes ond onolyticol methods hos not yel been developed.
We use doto from o previous study to estimote the number of somples

required to reliobly detect o ronge of declines in shoot density using o
beforeoher<onhol.impoct (BACI) survey design. Sufficient somple sizes

vory with choice of crilicol volue ond stolisticol power, bul ore most

offected by the mognitude of density decline thot we wish to detect. Our
opprooch demonstrotes the necessity o[ developing sompling designs

specific to eoch study lo ensure resulls lhol meet the legol requiremenls
of resource monogemenf. Our results hove implicotions Ior most

monitoring proiect.

SeogrossNel: A Worldwide Seogross Monitoring Progrom
Frederick Short, Jel[rey Goeckle*, Jockson Esluorine Loborotory,
Universify of New Hompshire
Robed Coles, Queenslond Deportment of Primory lnduslries
Miguel Fones, Morine Science Insl'ttute, University o[ lhe Pfiilippines
Evomario Koch, Horn Point Loborotory, University of Morylond Center
for Environmentol Sfudies

SeogrossNet o globol seogross monitoring progrom, is now estoblished
in 20 counkies with 52 monitoring siles oround the world. Stondordized
protocols for scientific monitoring hove been developed ond ore
successfully implemented by troined leoms of in-country scientists ond
monogers. Quorterly fixed+ronsect sompling is corried out ot oll siles

for seogross speci6s composition, cover, density, biomoss, conopy
height, ond depth diskibution, os w6ll os temperoture, solinity, light

ond sediment type. A moniloring leom ot eoch site sends doto vio lhe
in16rnst to on online dolobose ond orchive ot www.SeogrossNet.org.
lnitiol results lrom the tropicol Pocific include new findings on species

dishibutions, seosonol chonges in species cover, ond evidence of
specias succession. SaogrossNet sites os close to the Equotor os the

Philippines (13."N1, Moloysio (8"oN), Brozil (8-S) ond Micronesio

l5ooNl show seosonolity in biomoss ond percent cover. Across the

Americos, SeogrossNet is documenting new species distributions

lin Belize) but, disturblngly, olso documenling widespreod seogross

declines. Now in yeor 6, the progrom is yielding o dolo streom thot

offirms dynomic chonge in seogross hobitot. Long term ond lorge scole

ossessment of seogross resources elevotes the visibility of this importont

coostol hobitot ond provides o borometer of direct onthropogenic ond
globol climote chonge impocts.

A Sporiol Model of the Effects of Seo Level Rise on Eelgross

Hobitot in Podillo Boy, WA
Peter Koiris t, John Rybczyk, Western Woshington Unvercrly

Subsidence, eustolic seo level rise (ESLR), ond occretion confol
the elevolion of the estuorine sedimenl surfoce relotive to seo level.

Predicted increoses in the rote of ESLR throoten the sustoinobility of
estuorine syslems ond would impoct both the plont communities ond the

orgonisms for which they provide hobitot. Subsidence ond ESLR must be
bolonced by occretion i[ relotive ele,zotion is to be mointoined. Podillo

Boy, Woshingl,on, is home to one of the lorgest eelgross meodows in

lhe Pocific Northwest. The volume of sediment delivered to the boy is
significontly less thon historicol levell potentiolly moking the eelgross
ol risk to submergence by ES[R. We used sediment elevotion tobles
ond Pb-210 doting of sediment cores to determine roles of occrelion

ond shollow subsidence in Podillo Boy. These doto, in coniunction

with eelgross productiyity ond decomposition doto, ore being used to
initiolize, colibrote ond run o spotiol relotive elevolion compuler model
for the boy. The model uses o sediment cohort opprooch to colculote

chonges in sedimenl elevotion over time. Using o GIS bothymetry grid
os inpul, the model will be run lo proiecl chonges in surfoce elevotions

ond eelgross stonding crop ocross Podillo Boy os o function o[ seo level

rise.

Poster Group 8: Porlnerships, Oulreoch, qnd
Governonce Approoches

Thc BC Coostol Environment 20O5 Prolecl
lindo Gilkeson *, lynne Bonner, Brirish Columbio M inistry o{ Environment

ln 2004, representotives lrom tuo federol ministries, two provinciol
minislries ond two universitios begon working on o report on the slote o[
Brilish Columbio' s coostol environment. A.t lhe outset o[ the proiect, the

li of desired indicotors wos developed through exlensive consultotion

with scientilic experls os well os represenlotives of torget oudiences.
The finol report wos comprised of six technicol popers: Populotion ond
Economic Activity, Climote Chonge, lndustriol Contominonts, Ecosyslem

Protection, Biodiversity, ond Fisheries. Eoch poper provides on overview

of the issues ond o set of indicotors, including doto ond methods of
onolysis (including coveoh ond ossumplions). The popers olso describe
whot is currenfly being done to oddress the issues os well os whot
individuols con do. Other proiect deliverobles include o web site, which
presenls summorized results os well os the full text ol popers ond doto
ot wwweng.gov.b c.co/soe/bcce/. A striking poster-brochure wos
produced os o meons of interesting the public in going to the web sie
to leorn more obout lhe issues. Posters ond CDs contoining the complete
reports ond doto sets were sent to BC schools ond public librories. To

guide future colloborotive proiects, o repori documenting doto gops ond
others issues wos olso produced.



BC School Bus Emissions Reduction Proiecl
Bohoreh loghioni Rizl, teigA Greenius *. Environment Conodo

Environment Conodo, in portnership with vorious BC School Districts,

supported the reduction of diesel emissions through three phoses of
the BC School Bus Emissions Reduction Proiect. The obiective of the
proiecl wos lo improye locol oir quolity in ond oround school buses,

which would reduce the impoct o[ diesel emissions, including porticulote

moter (PM), on children' s heolth. We intend io presenl o posler

summorizing lhe proiecl. Twenty-nine School Districts ond one privote

school porticipoted in the BC School Bus Emissions Reduction Proioct,

which wos completed in Morch 2006. Over 550 mechonicol ratrofit

devices were instolled consisting of diesel oxidotion cotolysts (DOC)

ond cronkcose emission reduction systems ICER). The lost phose of the

proiect olso consisted o[ on ongoing idle reduc]ion compoign with the

School Districls thot included the diskibution of over 1500 ontiidling
signs.

The Srroir of Georgio Ambient Monitoring Progrom: Resuhs

of o Multi?ortner Colloborotive lnvesligolion
Cynlhio A. Wrighl*, lnstrtule of Oceon Sciences

Sophio C. Johonnesse4 Robie W. Mocdonold, Fisheries ond Oceons
Conodo, lnstiiute of Oceon Sciences

Brendo $urd, Fcoslqt [td.
Ston Bertol{ Alben Yon Roodseloor, Greoier Voncouver Regiono/

Districl
Philip R. HilL Noturol Resources Conodo Pocific Geoscience Cenlre

Since 2003, scientists from Fisheries & Oceons Conodo ond Noturol
Resources Conodo hove colloboroled with lhe Greoter Voncouver

Regionol Diskict in on ombient monitoring progrom designed to

inyestigote environmentol conditions in the Stroit of Georgio. The

progrom hos encompossed studies o[ sediment occumulolion roles,

contominont distribution, biology ond lidol/current conditions thot

conribute to porticle dynomics. Seven sediment cores hove been

onolyzed for Pb2lO ond Ro.226 (for sadiment occumulolion
colculotions), metols, PCBs, PAHs, PBDEs, AVS, nonylphenols, orgonic
corbon, nitrogen ond stoble isotopes o[ corbon ond nilrogen. ln the

summer of 2004, moorings contoining ADCPs ond sediment trops were

ploced in the study oreo to investigole current dynomics ond porticle
flux to the sediments. This poster illustrotes our opprooch ond protocols,

ond highlights the success of the colloborotive opprooch. Results o[ the

corbn, nitrogen, contominonl ond isotopic meosurements ore shown.

Biologicol interoctions ond metodoto ore olso presenled. The results will
be used to prwide o context for tha influence of lhe lono lslond sewoge

outloll on.o voriety of physicol, chemicol ond-biologicol porometers in

the southsrn Stroit of Georgio.

HCDOP Citizens' Monitoring Progrom: lntegroting
o Volunleer Monitoring Efforr wirh the Needs of o
PorlnershipBosed Reseorch Progrom
Renee Rose*, Doo Honnotious, Hood Conol Solmon Enhoncemenl

Group
Jon Newton, Universif of Woshinglon
toleno Amiolie, Sko&omisfr Noturol Resources

Mork Worner, University of Woshingion

The condition ond foctors influencing the woter quolity ond bioto of
Hood Conol is curren y under increosed scruliny by reseorchers,

politicions, ond ciiizens. The multi-stokeholder Hood Conol Dissofued

Oxygen Progrom (HCDOP) wos implemenled in Morch 2005 to

determine fie sourcet processes ond impocts of low dissolved oxygen
(DO) events in Hood Conol. Prior to the HCDOP progrom becoming

fully estoblished, there bacome o need to supplement exisling morine

doto in order to provide o more comprehensive ossassmenl o[ lhe

s€osonol ond onnuol fluxes of the low DO processes. ln August 2003,
o citizen moniloring elfort wos initioted ond hos become on imPortonl

element o[ the lorger science plon. ln the summer of 200tr, rhe sompling

rouline wos integroted wifi the Skokomish Tribe Noturol Resource

Deportment. More recently, o monthly sompling routine wos odded
lor locotions used to colculote on inventory volue which compores
ths current DO trend to historicol doto. The Hood Conol Solmon

Enhoncement Group (HCSEGI continues to coordinote the weekly

collection of oxygen somples ond CTD costs in seven honsects wilhin

Hood Conol. Engoging locol citizens ond oiding in lheir understonding
of these locol issues, begins to moke conneclions between wotershed
heolth ond their individuol role os longierm stewords to lhe wotershed.

Shoreline Moster Progroms ond Morine Resource

Commifiees: Opportunities for Portnerships ond
Colloborotion
Gobrielle toRoche, Judy Surber*, Jeffercon County Morine Resource

Commiftee

Shoreline Moster Progroms (SMP) ond Morine Resource Commihees
(MRC) ore noturol portners for protecling neorshore resources. As
the locol government orm o[ o stotewide progrom, SMPs conhibule
o plonning fromework ond regulotory tools. As the locol government

orm of the Northwest Stroits Initiotive, the MRCs bring experience with

restorolion proiects ond voluntory opprooches. The study compores
gools ond benchmorks of the two progroms ond explores opportunities
for portnerships in shoreline plonning ond implementotion. Exomples

o[ how the SMPs ond rhe MRCs compliment eoch other sheng$s ond
weoknesses ore given. SMPs ore porticulorly odept ot deyeloping
long ronge plons, while the MRCs hove funding ond norrregulotory
tools n6cossory to effectively work toword "no net loss" ond neorshore
reslorolion. The oulhors shore their recent experiences with updotes
to the City of Port Townsend SMP ond the lefferson County SMP ond

their work with the Jefferson County MRC. Conclusions will be directly
opplicoble to the six olher counlies of norlhern Puget Sound thot ore
port of the Northwest Stroits lnitiotive ond will suggest o model for
governonce for southern Puget Sound ond Georgio Bosin.

Thc Hormful Algol Bloom Ropid Response Network
Amy G/oub Sprenger*, Fritz Stohr, Cfirisiion Soroson, Oceon lnquiry
Proiect

Oceon Inquiry Proiect, o morine science educolion non-profit, is

coordinoting lhe creotion of o HAB ropid response nelwork, o proposed

colloborotive efforl between citizens ond scientisls lhol will hove the

copocity lo golher doto on hormlul olgol blooms (HAB] os they ore
progressing in Puget Sound. The network oims to hove on orgonized
group of volunteers ond scienlists oble lo quickly mobilize ond get on
the woler to monitor o hormlul olgol bloom os soon os il is detected.
Using o fost mwing boot provided by Seottle Moritime Acodemy,
scientisls ond volunteers will be oble to somple o lorge spotiol oreo
in o short omount o[ time lhrough on evolving bloom. The HAB ropid
response network sompling scheme will complement current HAB
reseorch sompling schemes ond provide doto ot new spotiol ond
temporol scoles.

Puget Sound Moin Bosin Strotiftcotion, o Tim+Series
Comporison
friE Slohr*, Oceon lnquiry Proiect
rllihuhiro Kowose, Universif of Wosfiingion
Chrislion Soroson, Amy Sprenger, Oceon lnguiry Proiecl

As o portner in the Puget Sound Morine Environment Modeling group,
Oceon lnquiry Proiecr (OlP), o morine science educotion nonfrofiL
collects timeseries doto for model comporison ond olher reseorch. One
locolion in Puget Sound moin bosin [PRISM-28) is sompled on olmost

every OIP cruise, os well os during June ond December cruises of the
PRISM progrom. This study compores the meosured shqtificotion during
2004 to the Puget Sound numericol model ou[ut lor the some yeor
Further, trends in deep woler lemperoture ond solinity lor thot stotion will
be exomined oyer lhe posl 6 yeors to show interonnuol hends.
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Community Bosed Rostorotion Proiects in Squomish A Cose
Srudy
Edrth Tobe*, Sguomish River Wotenled Sociely
Mott toy, Fisheries ond Oceons Conodo
Froncesco Knrg6l, Dislricl oI Sguomish

Rondoll lewis, Squomish Nolion

For over o decode the town of Squomish hos discussed reopening o
portion of wotarwoy thot wos dyked bock in l92l to reconnect on
importont solmon spowning chonnel from the Momquom River through
lo lhe Momquom Blind Chonnel. ln 2005 opprovol ond funding
were received to initiote this proiect with support from the District of
Squomish, Fisheries ond Oceons Conodo, Squomish Fi.st Notion,
Ministry of Environment ond numerous community groups speorheoded
by the Sguomish River Wotershed Society. This poster presentolion

highlights lhe processes involved ond the spectoculor outcomes thot con
be ochieved. Only one yeor loter the solmon ore returning in record
numbers, o flood control route hos been reestqblished to help reduce
high woler events, ond on educotion progrom hos been developed
within the locol schools. This proiect highlights the inroods thot con
be mode through colloborotion ond the need to hove potience os this

proiect took well over I0 yeors of discussions lo become o reolily!

The Nexr Srep in Plonning lhe Future for Son Juon lslonds
ond Protection lslond Notionol Wildlife Refuges
Pomelo Songuinelti *, U. S. Fish ond Wdlife Service

The U. S. Fish ond Wildlife Service is developing o Comprehensive
Monogement Plon thoi will serve os o guideline for the future of the

Son Juon ond Proteclion lslond Notionol Wildlife Refuges. These

84 islonds, rocks, ond reefs support more thon 75% of the breeding
seobird populotion of Puget Sound. The plonning process provides on
opportunity to look ot th6 currenl monogement from fresh perspectives

over the next two yeors. U. S. Fish ond Wildlife Service's plonning teom
hos estoblished preliminory conservotion torgets, gools, ond obisctives
for monoging these morine Refuges. lntegroting scientilic ond locol
knowledge from Puget Sound,/Georgio Bosin stokeholders is cruciol to
the success of this eflort to protect criticol oreos for morine wildli[e.

Stote Growth Monogement ond the Effediveness of
Coostol Monogement Progroms: A Comporison of
Conneclicut ond Woshington Stole Experiences
Nolhoniel lrumbull', Universif oI Conneclicut

This reseorch provides o comporoiive focus in evoluoting fie
eflediveness of stote coostol monogement progroms in prolecting

estuories ond coostol wetlonds in Connecticul ond Woshington Stote.

The lotter hos become o notionol leoder in implemenling ils Growth
Monogement Ad (GMA) since 1990. The GMA hos ployed o role in

strengthening Woshington Stote's preexisting Shoreline Monogoment
Acl. Conneclicut hos proceeded in its stote cooslol mqnogement
lorgely in the obsence of stotewide growth monogement legislotion.

Conneclicut hos relied on its Cooslol Monogement Progrom, led by
the Office of Long lslond Sound Progroms within the Doportment of
Environmentol Proleclion, lo monoge ils coosts. The Connecticut Coostol
Monogemenl Act of 1980 provides the primory outhority for lhe stote's

comprehensive Coostol Monogement Pro!rom- The oulhor poses

the question o[ the relotive volue o[ stote-level growth monogemenl
legislotion os on essenliol ond inlegrol legislotive instrument for elfective
cooslol monogemenl bosed on lhe Connecticut ond Woshington
Slote experiences. Applying the evoluotive onolysis o[ Good, Weber,
ond Chorlond (1999), Connecticut ond Woshington Stole coostol
monogemenf progroms ore ossessed by meons of on indicotor-bosed
opprooch.

leorning Through Colloborotion: The Role oI Communities
of Proctice in Noturol Resource Monogement
Jilloyne Peers', Deporfment of Rurol Plonning ond Developrnenl

Wotershed plonning provides on integroted meons by which the

sustoinoble resource monogement process con be focilitoted. Wifiin
wolershed plonning, governonce slruclures ore evolving from ogency-
bosed monogement towords locollevel monogement. Voluntory
slewordship groups ore on imporlonl port of this shift. As with other
orgonizotions, stewordship groups rely on leorning processes in

procticol situotions in order to be productive ond ochieve gools.
Communities of proctice theory offers o perspective through which
stewordship groups con be onolyzed ond strive for improvement-

Communities of proclice ore centred on three core concepls: Domoin
refers to its focol issues ond the sense of members' identity with the

topic; Community includes its member relotionships ond the noture
of their interoctions6levels of trust, belonging, ond reciprocity;
Proclice consists of o repertoire of tools, methods, ond skills6os well

os members' leorning ond innovotion octivities. The gool o{ this

reseorch is to delermine how communities of proctice theory opplies
lo stewordship orgonizotions ond octivities. This raseorch focuses on

severol Streomkeepers groups in the Greoter Voncouver oreo. Reseorch

will be conducted (during the Ioll/winter of 2006) using semi.structured

inlervisws. This reseorch will contribute to understonding lhe sociol
[unctioning ond leorning processes lhol occur within Slreomkeepers
orgonizolions.

On-Site Sepric Syslem Repoir ond Replocement Finonciol
Assislonce Progrom
Potricio Btommer', Woshingtron Srote Deporrment ol Ecology
Terry Hull, Puget Sound Action Ieom

Poorly functioning on-site septic systems ore known to conhibute
lecol coliform bocterio ond excessive nutrien] loods to the morine
environment. ln oddilion to the humon heolth hozord, eutrophic woters
promote olgol blooms ond subsequent plont deteriorotion, which leod
to low dissolved oxygen conditions. With $7.5M in oppropriotions from

Governor Christine Gregoire' s 2005-07 Copitol Budget ond 2006
Supplementol Budget for the repoir ond replocement o[ foiling on.site

septic systems, the Deportment of Ecology (Ecology), colloboroted
with Puget Sound Action Teom (PSAT), Deportment of Heolth lDOHl,
ond county ond tribol governments, to develop ond implement on
On.Site Septic System Finonciol Assislonce Progrom (OSSI. The OSS
progrom provides loon ond gront money to Pugat Sound county ond
tribol governments to ossist with [unding options lor homeowners'
on-sile septic system repoirs. ln oddition to developing lhe region-
wide progrom, Ecology worked wilh PSAT, DOH, ond Hood Conol
Coordinoting Council to conceptuolize ond develop o Hood Conol
Pilot Progrom. This innoyolive porlnership will be bosed on on inter.locol
ogreemenl between Jefferson, Moson, ond Kitsop counties ond Port

Gomble S' Klollom ond Skokomish tribes ond utilize o privote non?rolit
community developmeni lending instilulion to provide o "one slop"
{inoncing progrom lo homeowners for oftsile septic system repoirs.

Educoting Reol Eslote Professionols obout Wqter R.esource

lssues
Koren Jonowilz*, Wosfiinglon Stote University Ihurslon Counly Exlension

Puget Sound's woter resources qre criticolly offected by lond
development ond individuol lond-use proctices. Reol estole professionols
inlluence these lond-use proctices, yet lend to hoy6 poor knowladge
of environmentol issues. ln 1998, o needs ossessment of locol
environmenlol educotors identified this oudience os o high prioriiy for
woter resource educotion. As o result, Woshinglon Stote Univ€rsity
Thurston County Extension developed ond implemented o Woter
Resource Educotion Progrom for Reol Estote Professionols. The progrom'
s obieclive is to educote reol estote professionols so they con moke

environmentolly suitoble decisions, os well os educote their clientele
obout lond stewordship, woter quolity, ond oquotic hobitot Courses

cover reseorch lindings, policy ond regulofions of woter resource
reloted issues such os shorelines, onsiles, solmon & streoms ond lorrr-

impoct development. Hondson leorning through field trips complement

roo



clossroom presenlolions. Afandees receive continuing educotion credit
toword lheir bienniol professionol license recertiricotion. Over o period
of eight yeors, over 840 individuols ottended ot leost one of 67 closses,

represenling over 1760 ottendonces. The vost moiority ore from Puget

Sound counties. Follow-up evoluotions demonstrote thot over 90%
o[ progrom porticiponh regulorly shore informotion lhey leorn with
clientele ond colleogues, such os the volue of nofive plonh, reosons

for setbocks, slope stobilizotion, seplic mointenonce, ond slormwoter
pollution prevenlion.

Hood Conol Wotershed Pledge
Emily Sonlord*, Roberf Simmons, WSU Moson Extension

To reduce onthropogenic nutrient looding to Hood Conol, Woshington
Slote University Extension implemented o sociol morketing bosed
compoign in 2004 to educote ond instill behovior chonges omong
wotershed residenls. The 'Hood Conol Wotershed Pledge Progrom"

continuer todoy rhengthened by continued porlnerships ond fie
efforts o[ volunleers. The Wotershed Pledge progrom developed ond
distributed o booklel thot highlighted noturol histories of Hood Conol,
ond helped residents idenlify ond commit to toking octions to help
mointoin Hood Conol' s heolth. The booklets were distributed through
personol contocts in o voriety of settings. Porliciponts were provided
o recycled gloss suncotcher. Contoct informotion is collecled in order
to provide porticiponts with odditionol ossistonce ond for progrom

evoluotio n.

The sociol morketing elements ond shotegies o[ these progroms include:

. ldentificotion of iorget oudiencey'issues

. Developmenl of desired behovior obieclives

. Developmenl of products to promote progrom obiectives

. Moking personol conlocts ond obtoining commitnents

. Meosurement of progrom oulcomes; chonges in oworeness ond
behovior

Telephone surveys of representotive somples of progrom porticiponts

were conducted to meosure the eflectiveness of these progroms in

encouroging behovior chonges. This poster provides on overview of
the progrom, conclusions derived from the most recent evoluotion, ond
future progrom direct

Killer Wholes ond Tron+Border Whole Wotching
Anno Holl*, Chris Hall, Whole Wotch Operotors Associolion NW
Our seorch for wholes hos evolved lrom centuries of lethol wholing
to the presentdoy pursuit of simply wotching wholes. Conlemporory
whole wotchers oim with comeros ond binoculors, rofier thon horpoons.
Though whole wotching is non<onsumpiive, it is widely recognized
fiot operoting guidelines ond minimum viewing dislonces ore key to
reducing humon impnct. Our gool wos to prwide o synopsis of the

6rst inlernolionol cooperotive elfort between resource monogers,

scientists ond the whole wotchers thot operote in fie inlond woters

of British Columbio ond Woshington. The soulhern resident killer
whole lOrcinus orco) populotion frequents lhese tronEborder woters

ond is the bosis of o seosonol whole wotching indusky. This closed
populolion is smoll In<'100) ond considered Endongered in Conodo
ond the US. More thon 6O commerciol ond countless recreolionol
vessels operote within core killer whole hobitot. The unique trons-

boundory ospect of the region inspired the formotion of the Whole
Wotch Operolors Associoiion Northwesl (WWOANW) in 1994 by
commerciol whole wolch operolors. Bosed upon on o principle of open
exchonge, the WWOANW provided o communicotive plotform for
goyernment monogers, reseorch scienlisls, enlorcemenl ogencies ond
commerciol operolors. This integrolive opprooch resulted in signiliconl

confict reduclion omongst compeling interesh (e.g- reseorchers,

commerciol operotors elc) ond improved orgonizotion ol commerciol
vessels. further ochievements include increosed rigor of whole wotch

guidelines specilying spotiol, behoviourol ond speciesspecilic operoting
procedures ond voluntory exclusion zones conhibuted to vesselJree

oreos. The WWOANW fromework olso provides on ovenue for
finonciol ond in{ind contributions lo lrons.boundory scienti{ic reseorch

trom lhis, we conclude thot the colloborotive process supplied lhe
incentive for signilicont indushy modificotions, which resulted in
nolewodhy conservotion octions. The WWOANW fromework is

dynomic ond ilerotive, ond it is hoped to provide o relerence for other
whole wotch communities, ond lhe monogers responsible for the

conservolion of cooslol cetoceons.

Posler Group 9: Stotus ond Distribution of
Plonls, Animols ond lnvertebroles

Wigeon qnd Pintoil Distribution ot Mulriple Scoles in the
Georgio Bosin - North Puget Sound.
Don Buf{etl*, Ducks Unlimited Conodo
Mork Petrie, Ducks Unlimited lnc.

Stuort Slottery, lnstiluE Ior Wedond ond Woierfowl Reseorch

The Froser River Delto ond the North Puget Sound form one biologicol
unil for migroting ond wintering woterfowl. Ducks Unlimited Conodo
ond Ducks Unlimited lnc. initioted o reseorch progrom in 2003 to better
understond woterfowl foroging ot multiple scoles of the Froser Delto ond
ot the scole of the Georgio Bosin Puget Sound. From the loll of 2003 to
2005,73 Americon wigeon ond 172 northern pintoil were fitted with
rodio bockpocks in lhe Froser River Deho. lndividuol birds were trocked
from December to April using oeriol ond ground telemetry ot the scole

of the Froser Dello ond ot lhe scole of Georgio Bosin fr Puget Sound.

Over oll 3 yeors, the moiority o[ wigeon ond pintoil were defined os

wintering birds (55y. - l90'/.ltond present within the study oreo in
Jonuory or Februrory. The remoinder of birds were migroting birds (not

detecled in the study oreo during Jonuory or Feburory but detected in

Morch or April), or unknown. ln oll firee yeors, the molority o[wigeon
remoined in the Froser River Deho, while the moiority ol pintoil used

both the troser River Delto ond North Puget Sound. Considerotion of
scole is on importont component lor conservotion plonning of wolerfowl.

Snow Geese Wintering on lhe Froser ond Skogit River
Deltos: Long-Term Populotion Dynomics ond Grubbing
lmpocls on Scirpus Morshes.
Seon Boyd *, Enyironment Conodo (Conodion Wildlile Service)

Wrongel lslond (Siberio) supports the lost remoining breeding
populotion of Lesser Snow Geese (Anser c. coerulescens) in Russio.

This populotion over"winters in two dislinct oreos of Norlh Americo: the
Froser River (8.C.) ond Skogit River (WA) deltos (northern oreo) ond
the cenlrolvolley of Colifornio (southern oreo). Since the eorly 1970s,
the proportion of Wrongel geese wintering in this northern oreo hos

groduolly increosed to the point where the Froser ond Skogit dehos now
support 6G65% of the entire populotion. Consequently, monogement
ogencies on both sides ol the B.C. - WA border hove on increosingly
importont (internolionol) responsibility to moinloin this populotion, ond
ils noturol hobitots, ot heolthy levels. Meosuremenh of Scirpus stem

densities in lhe lole 1980s-eorly 1990s suggested thot o lowJevel
steody-stote equilibrium existed between goose grubbing ond plont
regrowth rotes; i.e. plont biomoss wos relotively low but conslont ocross

yeors- However, food subsidizotion on lhe winter grounds combined
wilh unusuolly good weother condilions on Wrongel lslqnd in recent
yeors hove resulted in o 2Jold increose in goose obundonce. This

populotion increose hos coincided with o 50% decline in Scirpus slem

density on lhe Froser River deho. l[ this situotion coniinues, Scirpus moy
be impocled lo such on exlent in some oreos thot il moy nol recover. This

could put some Snow Geese ot dst os they ore still highly dependent
on the morshes for food during freezing spells- lt will be importont to
conlinue to monitor lhig interoction while re:ponsible ogencies discuss

woys to ollevioie lhe problem.
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Upper Skogit Wolershed Notive Chor: Stotus ond
Distribution of o Frogile, Tronsboundory Species in the
Greoter Georgio Bosin Ecosyslem
Iroy Nelson *, LGL Limited environmeniol reseorch ossocioles

A biotelemetry-bosed field proiect lo collect stock stolus, life history,

ond distribution inlormotion for notive chor in the upper Skogit River

wotershed ocross the Conodo-US border commencgd in lhe loll ol
200l ond wos completed in the winter of 2004. The four-yeor, iointly
prescribed, Conodion.United Stotes proiect included stock oge/
obundonce estimotes ond hobtot ulilizolion ossessments. A totol of 67
individuol chor were coptured in the BC Skogit River ond fitted with

surgicolly implonted rodio togs prior to releose. ln oddition, o totol

of 29 chor were rodiotogged on the Woshington side of the border.
Con[irmed survivol (lrom telemetry detectionsl following raleose wos
100%. Tog lile spon ond reliobility were very high, with some togs

operoting for over lhree yeors. The moiorily of Upper Skogit chor
thot frequent the Skogit River in BC utilize both sides of the border on
on onnuol bosis; virtuolly oll togged chor resided in Ross Reservoir

(Woshington) during winter monlhs. Chor obundonce surveys suggest

thot the populotion o[ chor in the BC Skogil is low (likely less thon 300
subodults ond oduhsl. Distribulion informotion suggests the Sumollo
River (BC) is both key ond criticql to the integrity of the overoll BC

Skogit River chor populolion. Progrom studies in British Columbio were
conduclad by LGL Limited (Sidney, BC), ond odministered/supported
by the Ministry of Woter, Lond ond Air Protection, wilh signiftcont
conlribufions from Seottle City Light.

Stotus ond Trends of Puget Sound Greol Blue Heron
Breeding Colonies
Ann Eissinger", NoAkeeto Northwesi W/dlife Services

The Greot Blue Heron (Ardeo herodios) is o lorge fomilior woder thot

resides yeor-round throughout the coostol lowlonds o[ the Solish Seo.

As on environmenlol indicotor species linking morine, freshwoter ond
terrestriol hobitots, the Greot Blue Haron wos selected by the Puget

Sound Neorshore Reslorotion Portnership os o Volued Ecosyslem

Component. As o resull, o synthesis o[ existing informotion wos
prepored including, the stolus ond trends of Pugel Sound' s Greot
Blue Heron breeding populotion. Dolo ovcr o len yeor pariod, 1995-

2004 provided o profile o[ the known heron colonies within the Puget

Sound region. During this period, the heron breeding populotion
oppeored to increose slightly, while colonies shifted significontly into

lorger consolidoted breeding concentrotions. This shilt hos resulted

in 80 percent of the breading populolion coolescing into eleven
colony sites. The consolidotion o[ the heron breeding populolion
poses new questions regording this species' response lo o ropidly
chonging londscope, predotion ond possible shifts in prey ovoilobility.
Vulnerobiliiy of the breeding populotion hos olso increosed with
consolidotion, requiring o reexominolion of monogement guidelines qnd

the conseryolion of colony sites ond their supporting hobitots.

Greot Blue Herons of the Solish Seo: Stotus ond
Conservotion.
Ann Eissinger", Nohkeelo Northwest Wid/iIe Services

The Solish Seo represents the gresler ecosystems of Puget Sound, Stroit

of Georgio ond Shoit ol Juon de Fuco. This biologicolly rich coostol
region is represented by few specias os completely os the Greot Blue

Heron lArdeo herodios fonninif . Although Greol Blue Herons ronge
throughout North Americo, the Solish Seo horbors o distinct resident
populotion ond the highest concentrotion of breeding herons on the
wesl coost Reseorch ond conseryolion o[ this importont populotion is

ongoing in both Woshington ond British Columbio. The current stotus

ond conservotion of the Solish Seo Greot Blue Herons will be presenled

by the konsboundory Heron Working Group. The Heron Working
Group is dedicoted to th6 cooperotive scientific sfudy, conservolion ond
stewordship o[ the Greot Blue Heron. Biologists ond conservotionisls

ore working together to collect ond shore bolh technicol ond biologicol
informolion to guide the protection ond perpeluolion of this unique
populolion.

Effectiveness of o Commerciolly Avoiloble Dog ond Col
Repellent in Reducing River Otter Delecolion On Docks
Robert RorobougA*, Eric Eisenhordt, Josepfr Goydos, SeoDoc Sociefy,

UC Dovis Wildiife Heolth Center

River ollers (Lonlro conodensis) ore widely distributed firoughout tha
morine woters of the Georgio Bosin Puget Sound where they primorily
feed on numerous species o[ morine fish ond invertebrotes. They hove o
high metobolic rote ond defecote ot lotrine sites on shorelines, ploying
on importont role in the tronsfer o[ nitrogen ond phosphorus from morine
to terrestriol ecosystems. Otters olso use docks ond boots os lolrine

sites ond offended privole cilizens hove resorled lo illegol tropping or
shooting o[ otters in some oreos. A commerciolly ovoiloblo gronulor
dog ond cot repellenl wos tested for its ellactiveness in reducing or
eliminoling river otter delecotion on docks. Three docks thot contoined
river otler scol were heoled with the repellent ond three proximol
docks thot contoined river otter scol wore used os conhols. River oller
scot deposition wos meosured immediotely before ond weekly for
lour weeks following opplicotion ond dillerences between treoted ond
unlreoled docks were compored- Deposition on treoled docks wos
significontly lower thon on nonJreolad conlrol docks, howeyer lreotmenl

did not eliminote river otler defecotion on docks. Treotment with this

commerciolly ovoiloble repellent could be suggested os on option to
privote dock owners frustroted by river otter defecolion on docks.

Red Octopus Drills Cloms
Ro/ond Anderson *, Seottle Aquorium
Oovid Sino Universily oI Iosmonio
Jenniler Mother, Universil of Lethbridge

Sinca the clorificotion of its species nome {Berr, 
'1953) 

there hove
baen o number of behoviorol studies on the red octopus lOctopus
rubescens), but few sludies on its prey or predotors in spite of being the
mosl common octopus on lhe Americon wesl coost. There qre o few
cosuol studies on it food in the wild ond one study thot suggested red

octopuses keep their middens inside thsir dens {ound o yoriety of food
items, including cloms. lnformol observotions of its food in coptivity
showed it oble to open ond eot the commerciollyovoiloble Monilo clom
(Venerupis philippinorum)- Such observotions spowned $is current study
on how red octopuses open cloms. Live Monilo cloms were obioined
from o locol fish morket ond fed od libitum to l0 red octopuses lmeon
weighl 73 g). The opened cloms were exomined for method of entry.
Most cloms were drilled by the octopus' s rodulo in combinotion
wilh o solivory popillo thot dissolves shell moteriol like o moon snoil

drills. Oclopuses drill their bivolve prey in order to iniect o venom thot
porolyzes o clom' s muscles. The drill holes were primorily locoled
over o clom' s odductor muscles 1667"; n - 'l7l 

) thot hold clom shells

logether, ond the moiority 152%) of the drill holes were drilled over the

onterior odduclor muscle. ll is likely the octopuses were torgeting the

odductor muscles to drill ond iniect venom inlo these moior muscles thot
hold o clom together. lt is nol known yet whether on octopus leorns lo
drill o clom over lhe odductor muscles or whether this knowledge is

inborn; studies on olher octopus species suggesl it is o Ieorned behovior.

The Relotionship Between Oceonogrophic Conditions ond
Terrestriol Hobitot for Morine Use, Nest Site Selecrion ond
Breeding Success oI Morbled Murrelets: lmplicotions for
Reserve Design ond Monogemenl
Jenniler Borretl*, Dr. Kristino Rotfrley, Scfrool of Resource ond
Environmenlol Monogment, Simon Froser Universily

Reserve design, in ony system, musl relote to fie ecology, nolurol
behovior ond life history of the torget species, os well os the voriobility
of their hobitot. ln designing reserves howevel plonners often oim to
oplimiz6 consarvolion either on lond or ot seo, withoul considering the
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relotionships thqt moy exist between the two londscopes. This con be
porticulorly detrimentol for species with lifecycles thot ore tied to both
ecosystems. The Morbled Murrelet (Brochyromphus mormorotus), o
smoll seobird thot depends on both terreshiol oldgrowth hobitot ond
cooslol morine oreos Ior survivol ond reproducfion, is on exomple
o[ such o species. While huge odvonces hove been mode in our
understonding of murrelets over the post decode, signiticoni doto
gops slill remoin. ln porticulor, ihere oppeors to be o lock of doto
oddressing the role of morine focbr! in mointoining o heolthy murrelet
populolion, ond how fiese fociors interoct with lhe terreskiol londscope
lo produce "good nesting hobitot". The oim o[ my reseorch is to relote

oceonogrophic conditions to the morine diskibution ond breeding
success of Morbled Murrelets, ond, by integroting my findings with
terrestriol londscope models, to identify criticol oreos thot should be
considered in the monogemenl ond recovery of this species. My posler
will presenl this work in progress.

Swinomish Review of EMAP Methods for First Order Non-
Fish Beoring Slreoms in the Puget Sound Lowlond Region
Soroh Akin *, Todd Mitchell, Rocfiel lovellFord, Swnomish lndion Tribol
Community

The Swinomish Streom Bioossessment survey wos initioted to
chorocterize ond trock chonges in the physicol ond biologicol condition
of fie three perenniol firstorder, non-fish beoring sleoms locoted on
lhe Swinomish Reservotion, Woshington Stote. To ossess lhe ecologicol
stote, lhis proiect is using melhods derived from EMAP Surfoce Woters:
Western Pilot Study Field Operotions Monuol for Wodeoble Streoms
(Peck et o1.,2003). The slreoms on lhe Reservotion present unique
geomorphologicol ond ecologicol chollenges for the opplicotion of
EMAP methods os well os the development ol o Swinomish Biologicol
lndex. The streoms ore smoll, wetlond droinoges (welted widths less thon
one meter) supported by groundwoter inputs ond roin events, with low
summer flow ond floshy winler events. The three wotersheds ore forested

ond sporsely developed, with little indicotion o[ persistent onlhropogenic
disturbonces. Recommended doto onolysis melhods (Koufmonn et ol-,

1999) suggest thot the streoms exhibit high quolity riporion hobitot, low
quolity in-streom hobitot, ond low invertebrote obundonce (Wissemon,

2005). Current indices [or comporing the biologicol ond physicol
inlegrity of Puget Sound Lowlond streoms hove proyen to be inodequote
rulers for slreoms o{ this scole. Prominent feotures of smoll lirst order
slreoms were given little weight. With further re{inement, o smoll streom

index con be derived to creale numeric biologicol criterio for the
Swinomish Woter Quolity Stondords.

The Pocific Coost Ecosystem lnformqtion System lPCElSl:
Creoting o Boseline for the Fulure
De6oro[ Reusser*, U. S. Geologicol Survey

Henry Lee ll, U. S. Environmenlol Prolecfion Agency

Coostol reseorchers ond monogers hove o growing need for reody
occess to o diversity of doto types, including estuorinespecific lists

of notive ond nonindigenous species ond estuorine/londscope
chorocteristics. These doto ore key components in ecologicol risk

ossessments in generol ond in eorly detection fr ropid response

slrotegies for invosive species in porticulor. However, this inlormolion is
scottered in the peer-reviewed ond groy lileroture os well os Stote ond
Federol dotoboses. To oddress this problem, the U.S. EPA ond USGS

hove developed o dobbose, Pociftc Coost Ecosyslem lnformotion

Syslem IPCEIS), synihesizing biologicol ond londscope chorocteristics
for the estuories of Oregon, Woshingion, ond Colifornio. Currently,

PCEIS conloins georeferenced informotion on 219 esluories ond more

thon 600 subestuories ond tribulories. Occurrences of notive ond
nonindigenous species of benthos, fishes, ond seogrosses for eoch

estuory olong with physicol informolion on lhe ossocioted wotershed
such os percent intertidol oreo, wetlond, on lond use potlerns ore

summorized ond con be disployed or exported for modeling or other

reseorch needs. Presently PCEIS contoins over 7800 species of notive

ond nonindigenous species thot provides the obility to ronk estuories

by relotive percenl invosion or generoting boselines of notive species

to eyoluote impocts o[ invosive species on indigenous founo. This

informolion will be distributed in o stondolone ACCESS dotobose.

Diel otolith increment volidotion in lorvol lingcod
(Ophiodon elongotust
Joke Gregg", Morrowslone Morine Field Sblion, USG$ Biologico/
Resource Drscipline

Kennetfi Mossee, Rod Compbell, Neil Ashton, lMoncAesrer Reseorch

Stotior, Nodhwest Fisheries Science Center, NOAA Fisheries

Lingcod eorly life history chorocteristics, including lorge octive lorvoe,
long pelogic phose, ond seporotion of iuvenile ond odult hobitots,
could eosily confound spotiol monogement schemes (i.e. MPA s).

Otolith increments, os o proxy meosure of time, would be o voluoble
iool for estimoting the durotion of the lorvol phose ond potentiolly the
mognitude of dispersol in this species. A volidotion study wus conducted
lo determine whather groMh rings in lingcod ore deposited with diel
periodicity. lingcod lorvoe from o single egg moss lsynchronous hotch)
were reqred in six 9300 l. flooting mesocosms ot the Monchester Field

Stotion in centrol Puget Sound- Three feeding regimes {once every
other doy, once doily, ond twice doily) were utilized to conhol for the

polentiol e{{ect ol feeding periodicity on diel rhythms. Lorvoe were
sompled {rom oll treolments on doy-O, doy-1, doy-2, ond eyery even

doy through doy-24. Weekly somples were lroken through doy67.
Otoliths were removed, mounted, ond exomined using stondord bright
field microscopy. Sogittol growth increments were eosily distinguishoble
ond spoced well obove ]he resolution limits of light microscopy. Otoliths
from lorvoe older thon 45 doys become too thick to reod withoul
grinding ond were therefore not included in lurther onolysis. Rote of
increment formolion wos 0.964 doy-1 for sogitoe combined from oll
lreotmenls. Sogitlo increment counts ore o good predictor of oge in
lorvol lingcod.

Genelic Biomorkers of o Leukemio-like Diseose in Mussels.
Ekolerino Vossilenko *, Annelte Mullroy, Suson Eoldwin, Univercity ol
Eritisfr Columbio

The mussel Mllus ssp. develops hoemic neoplosio, underlying couses

o[ which ore still under investigotion. lt hos been shown fhot the protein
p53, on importont lumor suppressor, is involved in the diseose. The

wild type protein p53 responds to DNA domoge in cells by reguloting
the normol cell cycle leoding to cell cycle orrest ond DNA repoir, or
to progrommed cell deoth. We previously isoloted severol isolorms of
the p53 fomily in lMllus which ore slruclurolly very similor to p53 in

other loxo. Some of the isoforms ore not oble to perform the tumour
suppressor function. We ore currently quontilying expression of p53
isoforms. Preliminory doto suggest thot p53 is expressed ot higher leyels

in leukemic hoemocytes o{ diseosed mussels. The increosed expression
of p53 in leukemic hoemocles leods us lo investigote whether this p53
is functionol. Therefore we hove initiolized sequencing experiments
of p53 in normol ond leukemic mussels. Preliminory doto show thot
leukemic mussels hove more frequent mutotions in p53 fion normol
mussels. One of the mutotions observed codes for lruncoted ond non-

functionol p53 protein. Further mechonistic studies ore required to verify
thot p53 gene muiolion ond expression level onolysis con be used os

eorly.worning biomorkers of the diseose.

Assessing the Role of Microhobitot Associotions in
Producing Among-Toxon Congruence
Shonnon Tuley*, Universiry o! B ish Colunbr'o
lMelisso Hogg, Simon Froser Universily
John Ricfrondson, University of Brifisfi Columbio

Observotionol studies hove demonstroted significont weok correlotions
in diversity ocross muhiple toxo, but hove generolly [oiled to find
widence of stong ocross"loxo congruence. However, exomples of
experimentol studies testing [or ocross-loxo congruence os o result of on

!Erl

o
m

r {,:
illll

'3-i,i'
l.!','.
[,I
I{,'r,,o,l
Il1' .7
-{
H:
-lrrt 

_

'O'.'z'L
tO,, 

'



o
z
o
-F
f,
z
tdo
IlI
g,
0.
E,
IIJ
Fo
o
0-

underlying ecologicol mechonism ore lorgely locking. One mechonism

lhot moy produce congruence is use o[ o common hobitot element by

savarol toxo. Downed wood lDWl is obundont in the Pociffc Northwesl
ond is utilized by smoll mommols, omphibions, ond inverlebrotes for o
voriely of ecologicol funclions. We hove used experimentol odditions of
downed wood to riporion oreos in o BACI (before-ofter, control-impoct)

design lo tesl for congruence in diversily ocross siles between smoll

mommols, omphibionl ond ground beetles due to their common use of
downed wood os o hobitot resource. The relotionship batween lhese

toxo ond downed wood volumes will be ossessed, ond tha presence or
obsence of cross-loxo congruence will be evoluoted. The resuhs of this

study will be relevont to riporion monogement ond to on evoluotion ol
lhe ef{ectiveness of biodiversity monitoring progroms thot utilize speciee
l6vel indicotors or indicotors o[ hobitot quolity.

lnfounol lnverlebrote Assembloge Struclure in Hood
Conol, WA 11989 - 20051

' Morgorel Dufc6 *, Sondro Aosen, Edword Long, Kodty Welch,
Woshington Sfote Deportment of Ecology

The structure o[ invertebrole ossembloges in Hood Conol sediments

wos exomined by Ecology' s Puget Sound Assessment ond Monitoring
Progrom Sedimeni Monitoring Teom os port of on effort to ossess

the effects o[ low dissolved oxygen on benthos in Hood Conol for
the Hood Conol Dissolved Oxygen Progrom. Exominolion of benthic
indices, colculoted from oll ovoiloble doto collected from 1989
through 2005, reveoled o number of spotiol potterns. lJnique infounol

ossembloges were distinguished for nine sulregions o[ Hood Conol.
lnfounol obundonce, diversily, ond dominonce decreosed lrom north

to south olong the conol' s moin oxis ond in the deepest stotions, os

levels of neor-bottom dissolved oxygen decreosed ond sedimenh
increosed in silt{loy ond orgonic corbon conlent. Slotions in northern

Hood Conol ond in shollow, neorshore locotions, wilh reloiively low
percent fines ond TOC volues, hod the most diverse ossembloges, with

o well$olonced mix of onnelids, orthropods, ond bivolves. less slres*
toleront orthropods, echinoderms, ond miscelloneous toxo generolly
become rore or obsent lrom north to soulh, ond in the deepest locotions,

v/hile mor6 slress-ioleronl polychoetes ond severol ubiquitous bivolves
(Axinopsido serricoto, Mocomo corlofensis, ond Mocomo sp.) become

. dominont. Existing temporol dolo were limited ond were insufficient to

indicote trends.

Noahern Anchovy Spown Observotions in the Puget
Sound Bosin
Kurl Perry*, Don Penltilo, Woshington Deportmenl oI Fish ond Wildlite

Northern onchovy {Engroulis mordox) ore o smoll, pelogic, schooling
fish ronging lrom Bojo Colifornio to cenkol British Columbio, Conodo.
Three distinct stocks (northern, cenkol, southern) exisl wilh the northern
populotion ronging from northern Colifornio to cenlrol British Columbio

This species is on importonl prey for mony species of seobirds, morine

mommols ond fishes. Northern onchovy eggs ore pelogic ond typicolly
drift in the upper l0m of the oceon current for 2-4 doys before
hotching. Although well documented in Colifornio ond Oregon, doto
p6rtoining to northern onchovy spowning behovior within the Pugel

Sound Bosin is scorce. ln order to better document the disribution of
northern onchovy spowning octiyity wilhin the Pugel Sound Bosin, we

collected 73 plonkton somples from 53 distinct locolions ronging from

Bloine, WA (north) to Olympio, WA (south) between 6/21,/06 ond
8/21/06. Ol the* somples, 54 (24 %) contoined norlhern onchory
eggs, Additionolly, Woshington Deporlmenl of tisharies plonkton

doto collected from '1971 to 1987 wos onolyzed {or presence ol
northern onchovy eggs. Sompling sites depicting presence or obsence
o[ northern onchovy eggs ore presenEd. Resulh indicote o wide
diskibution of previously undocumenled northern onchovy spowning

octiyity throughout the Puget Sound Bosin.

Blood Analysis ond Discose Screening on Free Ronging
Steller Seo Lions (Eumctopios iuborus)
Dyonno Lombourn", Sreven Jel#ie5 Monigue lonce, Woshinglon Slote
Deporment of Fish ond Wildlite
Peter Olesiuk, Deporlmenl ol Fisheries ond Oceons
Sleplron Roverty, A nimol Heohh Cenlre
Andrew Trites, Unverstty of Btilish Columbio

Steller seq lions (Eumetopios lubotus) disperse from breeding rookeries

in southern Oregon, British Columbio ond Alosko, ond begin to onive
in the inshore woters of soulhern Voncouver lslond ond Woshington

during AugustOctober. All oge closses of Steller seo lions oppeor lo
undertoke movemenh ossocioted with the ovoilobility of prey while on

the wintering grounds, until onimols begin to deport in April-Moy. These

inlond woters ore foirly protected from odverse weother, ore eosily

occessible ond provide on ideol opportunity to develop ond tesl new

field techniques for copturing ond hondling heolthy, hee ronging Steller

seo lions ond conduct detoiled studies on foroging ecology. lt olso
ollows for blood ond tissue collections from these Sleller seo lions. Sao

lions were coptured, using o flooting trop onchored off of Norris Rock,

British Columbio os port of o colloborolive study between Woshington

Deportment of Fish ond Wildlife, Deportment of Fisheries ond Oceons,

Conodo, ond the University of British Columbio. ln the post, Stellor sao

lions hove olso been occosionolly coptured on o similor flooting trop ot

Shilshole, Woshington. Coptured seo lions were moved into o squeeze

coge, where they were physicolly immobilized ond generol populotion
chorocleristic dolo collected. Seo lions receiving telemotry insFuments

(ARGOS sotellite tronsmitters, time depth recorders ond stomoch sensor

pills) were sedoted wifi volium ond then were onesthetized using
isoflorone gos onesthesio ond closely monitored. We were oble 1o

copture, hondle, colleci tissue ond blood somples ond ottoch o voriety
o[ inslruments oll closses ronging from yeorlings to odult sized onimols
waighing up lo 580 kg. Bosic serum chemistry ond hemotology were

conducled 1o estoblish boseline ond provide o generol indicolor of the
condition ond heolth of onimols. Blood lor Generol Diognoslic Ponel

(Complete Blood Count [CBC] ond serum chemistries) wos completad
for 33 Steller seo lions, Serum wos screened for the presence of
onlibodies to Brucello obortus onligens using troditionol methods (BAPA,

Cord ond Rivonol tests). No seo lions hod positive titers for Brucello,

but 9% hod suspect titers. leptospirosis screening included testing with
[. pomono, L. hordio, L. grippotyphoso, [. iclerohemorrhogioe ond [.
conicolo using MAT (Microscopic Agglufinotion Test), ond lourteen
percent hod suspect 12/281or positive l2/28) tilers to Leptospiro
pomono.

Uring Diognostic Genetic Morkers lo ldentify Hybrid
Sebostes in Puget Sound
Piper Schwenke *, lorenz Houser, University ol Woshinglon, SAFS

Lindo Pork, Norlhwesl FisAeries Science Cenfer

Hybridizotion is o mojor conservotion ond monogemenl issue in mony

freshwoter ond brrsslriol species, but hos so for received little ottention

in morine species. Nevertheless, lhe implicotions [or species ol concern
moy be consideroble, in porticulor where onthropogenic influences
moy of{ect the frequency of hybridizolion. The purpose o[ this proiecl
is to expond our knowledge of hybridizotion between copper rockfish

{Sebostes courinus), quillbock rockfish {S. moliger), ond brown rockfish

(S. ouriculotus) in Puget Sound. Although these species ore found in
sympofry olong the Pocific Coost ond in Puget Sound, lhere hos only
been avidence of hybridizotion within Puget Sound, (documented

by L. Seeb, V. Buonoccorsi, ond others). This proiect will use severol

species-specilic genetic morkers to determine the geogrophic ex]enl of
hybridizotion plus the direaion o[ hybridizolion in Pugel Sound. Our
somple collection contoins opproximotely 4OO somples of copper,
quillbock, ond brown rockfish from Puget Sound IWDFW ond AFSCI

ond 90 reference somples from coostol populotions (SWFSC). Our
initiol results conlirm thot hybridizotion is in loct present in mony oft04



our Pugel Sound somples. These genetic morkers ore fixed lor eoch
species, ore Bosy lo ossoy, ond ore independent tests lor hybridizotion;
fierefore, we hove implemented o strong copobility to evoluote the level

ond incidence of hybridizolion in these Puget Sound rockfish.

Gorry Ook lGlucrcur gorryonol Plont Communilies in
British Columbio: A Guide to ldenlif,cotion
Woyne Erickson*, Del Meidinger, BC Ministry of Forests ond Ronge

This field guide corers the nolive plont communities with o component of
Gorry ook (Quercus gorryono) in British Columbio. lt is to be releosed in

Morch 2007 os BC Minstry of Forests ond Ronge Technicol Report 040.
The purpose of ihis guide is to stondordize the use of plont communities
in conservotion ond recovery ol the Gorry ook hobitot, ond thus to
move loword on Bcosystem opprooch. Stondordized communilies con
provide o bosis for mopping ond inventory. The guide ir olso intended
lo provide torgets for Gorry ook hobitot reslorotion, ond could help
identify reference communities, which ore lhen monilored to deEct
longterm ecologicol lrends. Compored with previous work, this guide
inlroduces fie plont ossociolion os o new, simplifted level. The seven

plont ossociotions (see below) ore subdirided into l6 plont community
types ond 6 subcommunities. Mosl ore similor trc lhose in Erickson
( I996, I998), with chonges moinly in the level of clossificotion.
Cotegories ore mointoined [or bedrock outcrop ond colluviol, eorly
ond lote seoson (phenologicoll, grossy, ond shrub thicket communities.

Notive communilios from eoch of $ese cotegories ore included in

one-poge descriptions. Saclions include o generol descriplion of sites,

soils, stonds, ond vegototive composition; o chort with geogrophic oreo
ogoinst site moisture regime; comments including equivolent communities

ond succession lo nolive or invosive olien communities; o chort wifi the
relolive importonce volue of the moior understorey plonl species; ond
o chort with monogemenl ronkings. lt is hoped fiot this guide will be
updoted ond relined over time firough use ond tesling, together wi]h lhe
incorporotion of locol knowledge on plont communities.

Poster Group lO: iligrotion, Behovior, ond
Phyciology

lmpocts ond Adoptotion Responses of Solmon on Eosl
Coqst Voncouver lslond of Climote
Mork Johonnes*, Universtty of Victorio & Golder Associofes

Jennifer Chow, Asil Mozumder, University of Yictorio

Climote voriotion ond chonge is one the lorgar prevoiling issues strongly
linked to the success ond condition of solmon populotions, hobihls
ond wotersheds in Brilish Columbio. Plonning ond implemenlotion ot
the streom ond wotershed level, should incorporote on underslonding

of present ond futuro climote issues ond recognize present ond future
vulnerobilities ond on solmon populotions ond hobitols. We exomine
the hobitot use o{ odult spowning chum, chinook ond coho solmon

ond subsequent post spowning corcoss deposition in smoll eost

coost Voncouvar lslond streom in ossociotion with seosonol roinfoll
ond chonges in the hydrogroph ond woter ond oir temperoturss.

We olso presant o seriss of cose studies to highlight the historic ond

recent potlerns o[ chonga in wotersheds ond the condition of hobitot
which hos led to rocovery plonning for solmon populotions. We use

these exomples to explore opprooches for understonding o climote

context for solmon populotions ond hobitots ond how lo reconstrucl

llow ond lemperolure pollerns ond build proieclions into future plons.

The consideroble onnuol voriotion ond chonging impocts of climote

on solmon ond hobitots, suggests thot our plons ond restorolion

implementotion we will need to be responsive to chonge ond odiusl our
proctices ond processes lo refect the lwel of risk ond vulnerobilily to
climote.

Urbqn Prcdolors: Polterns of Movement of Sixgill Shorks
Hexonchus Griseus in Puget Sound.

Kelly Andrews*, Phillip Lein, Stepfien Kotz, NOAA Fisheries

Debbie Forrer, Greg Borgmon4 Woshrngton Deponnenl ol Fish &
Wildl'tr,e

Greg Willioms, NOAA Fisheries

Understonding life histories of opex predotors is cruciol lor
understonding how morine ecosystems respond to humon perturbotions
os well os for effectively conducting ecosystem$osed monogement.
Even so, we lock bosic knowledge of mony lorge predotory fishes. ln

Puget Sound. we ore investigoting movemenl polterns ond hobitot use of
sixgill shorks, o lorge, obundont predotor in the region. We ocousticolly
togged 25 sixgill shorks wilh pressure sensor tronsmilters ond monitored
their movemenl potterns vio possive ond octive ocoustic receivers olong
o 70 km stretch of Puget Sound. Movement polterns ond hobitot use

diflered by shork size ond omong siles. Howevet shorks cleorly occupy
relolively smoll oreos for weeks ol o time, indicoting the pofentiol for
slrong, locolized topdown effects. Shorks showed some diel differences
in behovior, but these differences were complicoted by site, gender
ond size reloted effects. These doto lorm the bosis o[ empiricolly-bosed
movement ond bioenergetic models.

Coho Solmon Movemcnts in the [ower Elwho River:
lmplicotions Ior Rccolonizotion Following Dom Removol
Ki nsey Frick*, NOAA/NA4 FSINWFSC
Brion Burke, Norlhwesl Fisheries Science Center, NOAA Fisheries

Service
Roymond Moses, lower Elwho Kollom Tribe

Pocific solmonid (Onco/rynchus spp.l populotions in the Elwho River

ore currently depressed. These historicolly strong runs of solmon ore
either extinct or supported primorily by hotcheries, portly due to the
exisrence of two doms thot hov6 blocked occess to lorge portions of the
riwr since lhe eorly 1900s. These doms ore scheduled to be removed,
providing solmon occess lo 79 km of pristine spowning hobimt in the
Olympic Notionol Pork. Using rodiolelemetry we monitored migrotion
ond behovior of coho rclmon in the lower Elwho River in relotion lo
environmentol cues. We togged, releosed, ond hocked '14 

odult coho
solmon in 2005 ond 45 in 2006 using o combinotion of ffxed receiver
sites ond mobile trocking. We followed 6sh movements ond identi{ied
ess€ntiol hobitot types used. Fish moyamenls yoried from olmost none
to severql kilometers up ond downstraom os fish seorched for suitoble
spowning locotions. ln 2005, mony fish settled in the togging oreo,
which wos soturoted with lorge woody debris ond grovel, known to be
high quolity hobitot for coho solmon spowning. ln 2006, we togged
closer to the river mouth where lish were octively migroting to beier
ossess movemenl to other polentiol spowning locotions in fie river.

Orcinus Orco: No Porollel Ourside Humons
Howond Gorrelt', Orco Nehrori

Recenl lheoreticol studies of culture in wholes ond dolphins hove
reviewed experimentol reseorch on coptive onimols ond poferns
of behoviorol voriolion found in wild populotions. Coptive studies

of cognitive processes in dolphins hova provided indicolions of the
copocity for culture in dolphins. The ethnogrophic opprooch, bosed
on evolufionory ecology, hos lound evidence thot the vocol ond
behoviorol troditions of killer wholes (Orcinus orco) oppeor to hove
no porollal outside humons. To dote, howwer, no published theory
hos provided o synlhe3is thot occommodotes both the experimentol
findings ond the ethnogrophic evidence ond cloriftes the form of sociol
leorning thot underlies bolh. The theory of symbolic interoctionism,
borrowed ond odopted hom sociology, prorides o conceptuol
fromework for integroting lhe experimenbl "processoriented" ond the
ethnogrophic "producl.orienled" perspeclives- Symbolic interoctionism
moy help occount for the divergent ond complex culturol hoditions
lound in sympotric orco populotions. Prevoiling theorelicol porodigms
(behoviorism, wolutionory ecology, cognitive ethologyl do not discuss

the possibility thot ony non.humon onimol uses symbols extensively in

normol everydoy communicotion, or thot the use of symbols substontiolly
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ollects behovior. The theory of symbolic interoctionism synthesises the
experimenlol ond lhe ethnogrophic observotions thol indicole thot there
is good evidence for cullurol tronsmission in severol celoceon species.

Reproductive ond Slre5s Hormone levels in Coptive Giont
Pocific Ocropus (Entcrocfopus Dofleinil
Shown lorson ", Rolond Anderson, Seott/e Aguorium

Giont Pocific octopuses (Entaroctopus do{leini) ore held in mony oquorio
worldwide. The Seoltle Aquorium hos held them on exhibit since

opening in 1977- Coptive husbondry ol this species is well underslood
but lhe endocrine mechonisms reguloting reproduction ond stress ore
not well documented. The moior reproductive hormones found within

femole vertebrotes (progesterone ond eshogen) ond mole verlebroles
(testosterone) ond the skess reloled hormone (corticosterone) ore
relotively well known. lt is thought thot the endocrine syslem controlling
reproduction ond the stress response within vertebrotes evolved first

within invertebrot€s. How6ver, very few sludies hove been done to dote
on invertebrole reproductive ond shess reloled endocrine voriobles.
Here we reporl longitudinol doio on non-invosively collected fecol
reproducfive ond stress hormone metobolile levels wifiin five coptiye
fomole ond four mole giont pocilic oct'opuses held ot The Seottle
Aquorium. Reproductive ond stres hormones were meosured within

oclopus fecol somple extrocts using siondord immunoossoy techniques.
longitudinol somples were exomined indicoting seosonol reproductive
cycling within both mole ond femole octopus with one observed moting.
The doto documented chonges in relotive lecol reproductive hormone
metobolites similor to thot found within reproductively octive vertebrotes.
ln oddition to chonges in reproductive hormones, lhe oclopuses
olso exhibited o vertebrote like endocrine stress response (elwoted
corticosterone) lo o slressor. These results suggest lhot hormones found
in octopus feces con be used to determine ociopus life sloges ond stress

levels in coptive onimols.

Posler Group I I : Wqter Gluolity ond Gluontity

Contominont Concenlrotions in Slorm Woler Entering
the Sincloir/Dyes lnlet Subosin of the Puget Sound, USA
During Storm Evenl ond Boseflow Conditions
Jill Erondenberger *, Chris Moy, Yolerie Cvllinon, Bottelle Pqcific

Nortlrwesl Nolrbnol Lab oratory
Robed Johnsion, Spoce ond Novol Worfore S;rstems Cenier
Dwigth Leisle, Bruce Beckwith, Yictorio Whitney, Pugel Sound Novol
Shipyord & lntemediote Moinlenonce Focility
Dovid Mettolo, Ryon Pingree, Brion Ruperl, The Environmentcl Compony

Conlominont concenlrotions in represantotive slreoms ond outfolls
dischorging into Sincloir ond Dyes lnlets were evoluoted during
l8 storm events ond wet/dry boseflow condilions between Nov.
2OO2 ond Moy 2005. A combinotion of time<omposites, flow-
composites, ond grob composites olong with fow meosurement
were collected ond somples were onolyzed for melol contominonls
(mercury, orsenic, codmium, chromium, copper, leod, silver, ond zinc),
orgonic contominonts (polycyclic oromotic hydrocorbons (PAHs) ond
polychlorinoted biphenylsl, ond nurients {totol inorgonic nitrogen ond
totol phosphorus) to determine evenl meon concentrotions (EMCs) os

o function of totol even] roinloll ond upstreom lond use. Somples were
olso onolyzed for oluminum, totol suspended solids, ond totol ond
dissolved orgonic corbon to exomine relotionships with porliculote
moller ond orgonic corbon. The results showed fiot EMCs for outfolls
were oflen ftve times higher thon streoms for the metols ond 24 times

higher for PAHs; howeveq colculoted loodings from outfolls were lower
thon streoms due to $e greoter volumes dischorged from streoms. EMCs

for totol copper, leod, zinc, ond mercury in streoms w€re positively

correloled with storm size, but on inverse relotionship lor outfolls wos
found suggesling o dilution elfect with lorger storms. The doto were

used to develop slotislicol estimotes o[ conlominonl levels in sireoms ond

ou#olls os o funclion of upstreom londuse ond $orm inlensity.

Sediment Redox Trocers qnd Metols in Stroit of Georgio
Sediments - Con They lnform Us oI The toodings of
Orgonic Corbon from Municipol Wostewoter?
Robie Mqcdono/d*, Fis6eries ond Oceons Conodo
Soplrio Johonnessen, Deportment of Fisf,eries ond Oceons
Cho/es Gobeil, INR$ Quebec
Cynthio W nghl Conlrocior
AlSert von Roodseloor, Greoter Voncouver Regionol Districl

Seven box cores hqve been collected lrom the Stroit o[ Georgio from
regions neor the lono municipol outfoll (off the Froser River) ond from

bosin ond distol locotions. Sediments hove been doted using 2lOPb ond
onolyzed for orgonic corbon, redox elements ond kocers lRe, Mo, Mn,

Cd, AVS) ond selected heovy metols (Zn, Pb, Cu, Hg ond Ag). The doto
will be exomined for evidence of the source ond strength o[ orgonic
corbon looding ond burndown in eoch core bosed on redox trocer

diskibutions, ond the source of conlominonts bosed on the other metols.

Toxigenic Pseudo-lfitzrhio Species in Pugel Sound ond
the Outer Woshington Coosl
Keri Eouglr', Sfielly Nonce, Shuk Isui, Brion 8ill, Nico,ous Adoms, Vero

Iroiner, Norffiwesl Fisfieries Science Cenler

The Ecology ond Oceonogrophy of Hormful Algol Blooms in the
Pocific Northwest (ECOHAB-PNW) proiect wos designed to study the
physiology, toxicology, ecology, ond oceonogrophy of the pennote

diotom genus Pseud+nitzschio, severol species o[ which produce the

toxin, domoic ocid (DA). Determining the environmenlol condi ons

under which Pseudanirzschio produce ond releose DA is imporlont in
ossessing the species thot pose the greotest fireot to the sofe horvest of
coostol shell6sh populotions. To goin on understonding of the species

of Pseudenitzschio thot ore the moior loxin producers in the Pociftc

Norlhwesl coostol woters, representotive isololes from the ECOHA&
PNW study site were grown os clonol cultures. Both porticulole ond
dissolved DA were meosured ot vorious stoges of growlh using on

enzymelinked immunosorbent ossoy. By comporing the relotive toxin

levels in cuhured isolotes wilh toxin meosured in seowoter somplas

collected during ECOHAB cruises ond in beoch somples from Puget

Sound, we were oble to estimote relotive toxicities o[ Pseudonilzschio
from Woshinglon Stote coostol woters.

Genetic Differentiotion of Pscudo-{\lirzschio Prrng.ns
Irom the Pocific Northwcat ond lhe North Seo
Nicolous Adoms ", NOAA/NMFS/NWFSC
Russell Herwig, Lorenz Houser, Gobrielle Rocop, University of
Woshington
Ye ro Troiner, NOAA-Fisheries

Using microsolellite doto, the populotion genetic slructure of Pseudo-

niEschio pungens in the Pocific Norlhwest ond the North Seo
wos compored. The Pocific Northwest somples showed signilicont
deviotions from Hordy-Weinberg ond linkoge equilibrium wheraos
the North Seo somple hod none. The Pocific Northwest somples were

significontly differenlioled from lhe North Seo somple both when
considered individuolly ond os o pooled somple, but the individuol
Pocific No*hwesl somples were not signiffcontly di{{erent from eoch
other. However, clustering olgorithms were oble to seporote lhe Pocific

Norfiwest somples inlo fwo saporole populotions thot exhibited
few deviotions from Hordy-Weinberg expectotions ond no deviolion
from linkoge equilibrium. The degree of differenliotion between the
subpopulotions in the Pocific Northwest indicoted thot there moy be
cryptic speciotion of P. pungens os lhese subpopulotions were more
divergant thon aither wos from fie North Seo somple. This opprooch
will be used in the luture 1o compore oceonic slroins of Pseudonitzschio
species to those responsible for domoic ocid events in Puget Sound.
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Depleted Oxygen Lryels in the Neorshore Wolers oI
Nodhcrn Woshington
/r1ory Sue Eroncolro 

*, lindsey rMilonos, Dovid Kiner, Olympic Coosf
Notionol A4orine Sonctuory

ln 2004 the Olympic Coost Notionol Morine Sonctuory (OCNMSI
initioted dissolved orygen (DO) monitoring to determine the timing,

severity, ond extent o[ depleted oxygen levels olong the Olympic
Coost. In 2004 ond 2005, CTD-DO cosls ware token off the RV

Totoosh biweekly between June ond eorly Octobar olong three cross-

shell tronsects ot Cope Alovo, Teohwhit Heod ond Cope Elizobeth. ln

2006, OCNMS deployed moorings with continuous CT-DO recorders
opproximotely I meter off the seo {loor olong tvvo o[ thesd tronsects ond
conlinued costs olong the lhird. No meosured oxygen levels recorded in

2004 or 2005 could be chorocterized os hypoxic l<Zng/ll. However,

in 2004, neor hypoxic condilions (<3mg/L) were routinely maosured.

ln 2005, o few "neor hypoxic" events were meosured ot >50m depths
off Cope Elizobeth in Moy-July. ln 2006, hypoxic conditions occurred
in Moy ond June os for north os Cope Alovo ond os {or south os Cope
Elizobeth. Hypoxic conditions were more exlensiye ot Cope Elizobeth,

extending into shollower ond deeper woters ond for longer durolions.
Doto cooccurring with ihe reported fish ond crob morlolity events

in lote July neor Cope Elizobeth ore supported by dissolvad oxygen
concenlrotions thot got os low os O.O2 mg/L between l6 ond 30July
2006. No observotions o[ in€rEbrote or lish mortolities were reported

during the Moy, June, or August hypoxic eventt which could be due to
o voriety ol reosons, e.g., the wents ware short in durotion or limited in

extenl, no observers were on the beoch ot the fime, etc.

Development of Norrinvosive Methods lo Monitor
Environmentol Pollutonts in Coostol Rivcr Otters of the
Puget Sound/Georgio Bosin
Doniel Guerlin*, Ahon Horestod, Simon Frqser University
John Elliotl, Environmenl Conodo (Conodion Wldlife Service)

Pollution o[ oquolic ecos]rstems is o moior threol to river ofler (Lontro

conodensis) populotions, y€l little effort hos been mode to monitor
environmenlol conlominonl levels in wild otters. Due to their elusive
nolure, river ollers ore difficuh to study in lhek noturol surroundings,
ho,,rever, odvonces in noninvosive sompling hos opened opporlunities
for gothering informotion on the species. ln o pilol proiect, scol somples

obtoined {rom morinCoroging riyer ollers neor Victorio, BC in the
Puget Sound/Georgio Bosin (PSGB) hod elevoted levels of industry
produced polychlorinoted biphenyls IPCBs). Bosed on lhese results,

we hove undertoken o novel opprooch to exomine the significonce o[
PCBs on the region' s river otter populotion. We identified I80 river
otler lotrine sites sponning 86.5 km of coostline on soulhern Voncouver
lslond, BC. A totol of 893 fresh scots were collected from Dec l3 - 18,

20O5 ond lune \ - Aug 22,2006. Fecol DNA genotyping will be used

to determine lhe obundonce ond distribution of river otters in the study
oreo. River olters in which genetic profiles ore obloined will hove their

rot onolyzed for toxin levels ond prey remoins. Results ore pending.

Due to thek top predotor stotus in the neorshore environment, high

site fidelity, ond long life, river otters ore on ideol species to monitor

locolized environmentol conlominonls in morins ecosystoms such os the

Pocific Northwesl.

Troce Elements os frocers of Physicol Processes
Anthony Poulsoo*, U.S. Geologicol Su rvey, Woshington Woler Science

Cenler

Troce elements ore noturolly occurring, olthough potenliolly toxic to

living orgonisms ot high concentrolions, ond con be used os hocers

ol physicol ond biologicol processes. A lroce elemsnt' s usefulness

os o trocer doBs not depend on whether the element originotes from

noturol or onthropogenic sources. Nickel ond cobolt doto ore used lo
distinguish omong woter mosses in lhe lower New York-Roriton Boys

originoling from the Arthur Kill, lhe Roriton River ond the Hudson River.

Ukewise, codmium dolo ore interpreted to exomine mixing o[ Froser

River woler with oceonic woler in North Puget Sound.

Yord Trimmings Composl os on Erwironmenbl Buffer in rhe
Over-Winter Field Storoge of Poultry litter
Erico Milligon*, A* Bomte, Woyne Temple, Universrty of Brtish
Columbio

One mojor non-point source of {reshwoter pollulion is livestock monure
used os o fertilizer or soil omendmenl on ogriculturol fields. ln British

Columbio' s Froser Volley intensificotion of poultry forming hos led to on
overcbundonce of poultry monure in lhe region. The solution hos been
to move €xcess monure lo more monurepoor oreos, such os the Froser

delto, to be used os o soil omendmenl. Howavec ihere ore significont
ecologicol ond lood sofety concems ossocioted with the importotion of
o high nutrienf moteriol into o region subiect to intensive winter leoching.
The obiective of this reseorch wos t'c exomine the obility of the City of
Voncouver yord trimmings compost (YTC) to oct os o bulfer in the over-
winter field storoge o[ poultry li]ter. Over the winter of 200506 four
experimentol monure storoge piles were conslruct€d in formers' fields

in Delto, BC to ossess the olfects of o YTC covering, bose pod, ond
combinotion of the two on the leoching of soltl nutrients ond heovy
metols from the poultry litter. Results indicot€ thot both the YTC bose pod
ond corering hove o positive impoci on reguloting fie leochole ond run-

ofl quolity emonoting lrom the stored monure.

Sill Dynomics ond Deep Woler Renewol - tdeolized
Numericol Experiment
Dmitri Leonov*, MiEuhiro Kowose, University of Woshingnon

Sensilivilies ond time scoles of odjustment of fiord-type estuory
circulotion to different [orcing mechonisms ore exomined within on
ideolized numericol experiment. The model domoin is chosen os on
ideolizotion o[ Puget Sound's Moin bosin, o chonnel with o double.sill
entronce prolile token from o tholwog cross.seclion lhrough Admirolty
inlel. The experiments ore sel up on o zJevel grid with portiolly filled
cells using MlTgcm. The model is lirsi run with conslonl externol
condilions (river dischorge ond oceonic solinity) ond no wind lorcing
until o sleody forhightly cycle hos been reoched. The phosing of
fortnightly cycle ond its properties ore consislent with observotions
(Geyer ond Connon, 1982; Brehchneider et ol., 1985). The model then
undergoes severol obrupt chonges in externol conditions seporoted by
long (severol fortnightly cycles) time intervols, during which odiustmsnt
is monitored. Adiustment to chonges in solinity shows strong osymmetry
with respect to the sign of solinity chonge, odiustm6nl to o decreose
in solinity being o 2-stoge procass. Adlustmants lo river dischorge ore
morg symmetric, produce moderole chonges in totol solt content ond
hove overoll shorler odiusimenl lime scoles. lncreose in river dischorge
enhonces the reversed circulotion signol thot peoks oround spring fde
ond weokens the dense woler intru3ions.

Hydrologic Effects of I20 Yeors of Lond Cover ond Climote
Chonge in the Puget Sound
lon Cuo *, University of Woshington Deportment ol Civi, ond
Envi ronme ntol En gin eering
Morina Alberli, UW Deportment o[ Urbon Design ond Plonning
Dennis lellenmoier, UW Deportment ol Civil ond Environmenlol
Engineering
Je$rey Richey, UW School oI Oceo nogrophy

lond cover hos chonged dromoticolly in the Pugel Sound region since

tha firsl Europeon setdement in the mid-19fi Century. These chonges
hove consisted lorgely o{ urbon growth in the lowlond oreos, ond
removol o[ old groMh timber ond replocement with forests hoving o
rongo o[ moturity over most of $e uplond oreo, olong with construction
of forest roods. We use the Distributed Hydrology-Soil-Vegetotion
Model (DHSVMI run over on 88-yeor period with current lond cover,

ond reconstructed lond cover representotive ol conditions eorly in

the posFEuropeon sefilement ero, lo ossess the efiects o[ lond cover
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chonge on the timing, ond mognitude of freshwoter fuxes to Puget

Sound. Reconstructed lond cover is bosed on eorly 1880' s sefilement
exlent, ond 18 83 Density of Forest fi Woshington Terrilory Mop {rom

Deportment of lnlerior. To ossess the effects of climote chonge over the
period ol fie climote record ( 88 yeors) we first odiust the entire record

to hove lemperolures similor lo those of the most recent two decodes,
ond then odiust the entire record to hove tempsrotures similor lo those

ol the eorly inshumenlol record. Through comporison of 88 yeors of
hydrologic predictions for combinotions o[ historic ond current lond
cover ond climote, we ore oble lo ossess their relotive contributions to
long{erm chonges in frashwoter fluxes to Puget Sound.

Overview of the Soulh Puget Sound Dissolved Oxygen
Study
Mindy Roberts*, Julio Bos, Greg Pellefier, Storrs "Skip" Alberton, Korol
Erickon, Corol r14oloy, Woshington Stote Deportment of Ecology

South Puget Sound, including Budd, Corr, ond Cose lnlets, hos low
levels of dissolved oxygen thot do nol meel slote woter quolity stondords

ond impoir morine life. Excess nihogen enhonces primory productivity

ond couses olgoe growth. As the olgoe die, microorgonisms thot

decompose the olgoe deplete oxygen levels in the neor-bottom woters,
creoting zones o[ low dissolved oxygen thot moy be hormful to Iish

ond other oquotic orgonisms. The first phose ol the study indicoted
thot both point sources from wostewoter lreotment plonts ond nonpoint

sources from wotersheds ond rivers contribute significont nihogen
loods. The current proiect [urther refines those loods. Doto collected
from 80 morine stolions will enhonce underslonding ol how nitrogen

moves oround South Puget Sound ond the relotionship with dissolved
oxygen levels. Threadimensionol circulotion ond woter quolity models
will simulote present conditions in South Puget Sound, bosed on the

extensive dolo collection progroms. The colibroled models will be

opplied to o voriety of monogement oclions to delermine how much

poinl ond nonpoinl source nitrogen loods must be reduced to meet
woter quolily stondords. The South Puget Sound dissolved orygen study
is po of Governor Chris Gregoire' s long-term ef{orl to help restore ond
preserve Pugel Sound.

Stotus ond Trends in Porlytic Shellffsh Poircning IPSPI in
Puget Sound through 20O5
Timothy Delermon*, Wosfiington Stote Deportment of Heolth

The Woshingon Stols Deporiment ol Heolth IDOH) monitors levels

of porolgic shellftsh poisoning loxin (PSPTI in mussels token every two
weeks from sentinol siles locoted throughout Woshington Stote morine
woters. Resulls from thirty two sites in Puget Sound were exomined to

determine spotiol pofierns ond temporol trends os port o[ the Puget

Sound Ambient Monitoring Progrom (PSAMP). Resulh of the onolysis
through December 2005 ore presentod.

Long-lerm Monitoring of Puget Sound , Gro/ s Horbor ond
Willopo Boy: Stotus ond Trends in Woter Quolity from
2001-2005
Corol Moloy', Brion Gronthom, S[rp Albertson, Julio Bos, Adrienne
Sfufes, Woshingion Stole Deporlmenl of Ecology

The Woshington Stols Deportment o[ Ecology hos baen monitoring the

$/otar quolity of Woshington's estuories lor 35 yeors, more recently os

port of the Puget Sound Assessment ond Monitoring Progrom. As humon

populotions in the Puget Sound region continue to increose, woler
quoliiy will be offected. Atmospheric conditions ond climote chonges
olso offect woter quolity. Ecology scieniists hove developed indices os

o woy of syslemolicolly ossessing lhe conditions ond trends in morine
woter quolity. The lndex of Sensitivity to Eutrophicotion includes fie
voriobles ol dissolved oxygen IDO), dissolved inorgonic nitrogen lDlN],
ond the degree ond durotion of strotiftcolion. Areos showing the highest

sensitivity lo euhophicolion hove nery low DO, low DlN, ond shong ond
persislent slrotificolion. The Woter Quolily Concern lndex includes the

odditionol voriobles o[ fecol coliform bocterio (FCB) ond ommonium

[NHl), where high FCB ond high NH4 would cous6 ]h6 most concern.
We present 5-yeor kends in these voriobles ol40 long-lerm moniloring
stotions. os wsll os results of lhe indices. Areos showing the highesl
sensitiyity to eutrophicotion ore Sorotogo Possoge, Possession Sound,
Penn Cove ond Hood Conol. Areos of highest wotar quolily concem
include Possession Sound, Penn Cove, Budd lnlet Hood Conol, ond
Groys Horbor. This onolysis wos recenlly published in the 2007 Puget

Sound Updote, by the Puget Sound Aclion Teom.

Posler Group 12: Toxic Conlominontg

Woter-Bome Looding of PCBs ond PBDEs to the Stroit of
Georgio: Rivers ond Wosteurolers.
Potn-ck Show*, Environment Conodo
rMork Sekelo, Environment Conodo,Voncouver

elisso Gledhrfi Enyironment Conodo
Slon Bertold Greoler Voncouver Regionol Dislrict, Voncouver
Celine Lorose Dovis. Copitrcl Regionol Dislricl,Victorio

A legocy of historicol polychlorinoted biphenyl (PCB) ond, more
recently, polybrominoted diphenyl ether (PBDE) contominolion
is evident in tissues of oquotic orgonisms in the Shoit of Georgio
ecosystem, An effort is underwoy to choroclerize looding of these

contominonls by potenliol sources. To this end, we hove conducted
sompling to understond the conhibution of woter-borne sources to
the Stroit, both from rivers qnd from the mojor municipol wostewoter
effluents. Meosurements hove been collected over 2004-2006. PCBs

ond PBDEs in the Froser River were sompled quorterly ol three sites

using o dischorge-weighted composiling scheme ond pre<oncentroted
using XAD-2 resin before onolysis. Lorgevolume somples (40-l20Ll
were collected quorterly {rom three odditionol river sites in the bosin
using on lnliltrex ll submersible pump fitted with on )(AD-2 resin column.

Effluent somples were collected quorterly ot dischorges in both Greoler
Voncouver ond Victorio. Four-lilre 24 hour composites somples were
collected ond extrocted in btol. All somples were onolyzed for PCB

ond PBDE congeners by highresolufion gos chromotogrophy-rnoss
spectromelry. Totol PCB ond PBDE loodings ond congener potlerns,

seosonolly ond between sites will be presented ond reloled to other
similor somples on the wesl coo$ ond elsewhere.

Fonofos Poisons Roptors ond Woterfowl Severol Monlhs
After Gronulor Applicotion
tourie Wilson *, Anno Birminghom, Environment Conodo
Molcoln McA&e, British Columbio A4inistry of Environment
Pierre Mineou, Suzanne Trudeou, John Ellioft, Environmenl Conodo

Froser Delto formlond supports intensive ogricullure ond provides

importont hobitol for birds. Poloto produclion requires monogemenl
of wireworm lAgriotes spp.), on introduced pest; in 1994, {onofos
becqme the recommandad inseclicidol option. Over the ensuing five
yeqrs? we confirmed l5 roptors, including l2 bold oogles lHolioeetus
leucocepholus), found deod or debilitoted in the Delto hod severely
inhibited cholinesterose oclivity ond [onofos residues in ingesto.
tourteen roplorc contoined duck ramoins. Another saven bold eogles
hod severe cholinestsrose inhibition, but without evidence of fonofos
residues. During the 2 winters of 199698,420 ho o[ potolo fields, holf
treoted the previous spring with fonofos, ond the remoinder untreoted,
were seorched weekly for wildlife remoins. Woterfowl outnumbered
other species in field-use counts ond birds found deod. Of the 2l I

wildlife remoins observed, most hod been scovenged. Thirty-five intoct
corcosses were suitoble [or posl-morlem exominolion ond,/or toxicology
onolyses; of those, 30 broins were ossoyed for cholinesterose levels,

with 5 of l8 woterfowl being severely depressed. The ingeslo ofo
mollord found in o fonofoskeoted fteld contoined 49 pg/g {onofos
residuel linking woterfowl mortolity with lobelled use of the product.
The findings demonstrote the risk of poisoning by onticholineslerose
where non-lorgel wildlile foroge intensively in formed fields.toa



Currcnt Use Peslicides in Froser River Solmon Hobitot
Kole A. Horis *, lnslitute ol Oceon Sciences

kith Tierney, Simon Froser University
Neil Dongerfield lnstilufe of Oceqn Sciences
Million Woudneh, AXYS Anoly'icol Services
Iom G. Brown. Pocific Eiologico, Sfotion
Chris Kennedy, Simon Froser University
Peler S. Ross, lnst;tuie oI Oceon Sciences

The use ol currenl use pesticides (CUPS) repros€nts o growing
conservotion concern lo Froser River solmon hobitot. We corried
out o study of CUPs in lwo solmon-beoring hibutories of the Froser

River, ond one reference site on British Columbio' s cenlrol coost,
comprising urbon (Musqueom Creek). ogriculturol (Nothon Creek),
ond remota (Koaye Riverl oreos. Woter, sediment, oir, ond coho solmon
(Oncodrynchus kisuich) smolt somples were collecied from eoch site.

Tolol pesticide concentrolions in three of the four motrices were highest
ot the ogriculturol site (woter: 162 ng l--1, sediment: l/75 ng L-1, oir:
1285 ng L-1 ), while concenlrotions detecled in bioto were highest ot the

urbon slte (51.5 ng L-l ). Correlotions between log Kow qnd obseryed
woter:sediment rotios (ogriculturol 12 = O.36, urbon 12 - 0.6/) ond
between Henry's Low coefficients ond oir:woter rolios logriculturol r2

- 0.55, urbon r2 - 0.09) reveoled $e importonce of physicochemicol
properlies in determining the fote o[ different pesticides in oquotic
environmenls. lnter-site differences Iikely reflecl the heovy ogriculturol

use of CUPs neor Nothon Creek, o legocy of orgonochlorine
contominotion in Musqueom Creek, ond otmospheric delivery of
pesticides to the Koeye River. Dilferences in concenrrolions ond potterns
of CUPs in diflerent environmentol comportments underscore the
complex noture o[ deftning Eexposure' ond ultimotely of ossessing risk

of odverse heohh effects in sensilive solmonids.

PCBr ond PBDEs in thc Georgio Bosin Woter Column
Nei/ Dongerfield., Normon Crewe, Robie Mocdonold, Fisfreries ond
Oceons Conodo
Pol S6ow Environment Conodo
Peler Ross, Fisheries ond Oceons Conodo

We collected woler somples ol h^,o stolions in the southern Slroit ol
Georgio oboord the CCGS Vecl,or lo meosure concenlrolions ol PCBs

ond PBDEs ond to eslimote exchonge. Somples were collected ot both
neor surfoce flOml ond neor bollom (vorioble depthsl seosonolly over
o one yeor period. ln on effort to copture movoment in ond out o[ the
system, o minimum of one tidol cycle wos somplad with lnfilkexTM in.situ

somplers. Cunent speed ond direction, conductivity, temperolure ond
solinily were rccorded ot timed intervols during sompler deploym6nt.
PBDEs were onolyzed ot the lnstilule of Oceon Sciences lwo troclions,
representing dissolved ()(ADl ond porticlebound (0.7 um GF,/F). PBDEg

portitioned preferentiolly into the dissolved phose, which comprised
63 +/. 1O'/. in shollow woter on4 54 +/-2.1 % in deep woter. This

portitioning wos in port reloted to chemicol properties of the PBDEs, wilh
the 6heovier' decoBDE more reodily ossocioting ihelf with porticles.
Principol components onolysis (PCA) further reveoled o congener-
reloted pottern difference between the dissolved ond fie porticle-bound
froctions, highlighting the importonce of both porticles in the wqter
column ond sompling methodology. Given the increosing presence of
unreguloted PBDEs in the environment, portitioning in the woter column
rapresants on importont prelude to food web occumulotion of these
endocrine disrupting chemicols.

Effech of Six Airborne Shorr-Choin Aldehydes on Alveolor
Mocrophoges
Roymond Poon *, Eosson Eloine. Chu lh, Heolth Conodo

Aldehydes ore ubiquilous oirborne conlominonts originoting
from onthropogenic ond noturol sources, ond photooxidotion of
hydrocorbons. Use of oxygenoted fuels ond biofuels olso co ributed

contribule lo increosed lewls ond chonging polterns of oldehydes.
Formoldehyde ond ocetoldehyde ore the most obundonl short<hoin

oldehydes [ollowed by ocrolein, ond crotonoldehyde. Rocently, glyoxol
ond methylglyoxol hove olso been detected. While doto on oldehyde
levels ond exposure is ore ovoiloble, there is ore significont doto gops
on the odyerse effects of mony oldehydes. These doto gops homper the
comprehensive risk ossessment/monogement of oldehydes. We studied
the cytotoxicity of 6 shortchoin oldehydes on olveolor mocrophoges

- lung cells in direct ond eorly conloct with oirborne conlominonts.
Rot olveolor mocrophoges were incuboted in 96-\4€ll plotes for up
to 4 hours in culture medium contoining oldehydes ond then ossoyed
for cytotoxic indicqtors: cell viobility (LDH leokoge), cellulor function

{secretion of TNF. a), ond glutothione depletion. Acrolein wos the most

cyiotoxic, deploting cellulqr GSH ot 5 pM, ond cousing cell deoth ond
suppression of TNF- ct secretion ot 50 pM . Crotonoldehyde suppressed
TNF- a secretion ot 5O pM ond cell deoth ot 5OO pM. At 5O0 pM.
methylglyoxol, formoldehyde ond ocetoldehyde olso suppressed TNF. o
secretion. Aldehyde elfects on zymoson-induced chemiluminescence
(phogocytic octivity) in blood leukocy'es wos olso exomined. Acrolein
ond crotonoldehyde suppressed chemiluminescenca ot 5 ond 50 pM,
respectivaly. These results indicotad indicota thot the relotive cellulor
ioxicity is: ocrolein>>crotonoldehyde >methylglyoxol, formoldehyde,
ocetoldehyde>glpxol; ond the experimentol design moy be opplied to
the comprehensive toxicity/risk ossessment of oll oirborne oldehydes.

The Effecs of Diesel Exposure on Survivol ond Gene
Expression in Roinbow Trout
Lizzy Mos*, Hemmero
Glenn Cooper, Universily o{ Victotio
Chrisline lussie6 Hemmero
8en Koop, Universily ol Viclotio
Morc Comeron, Hemmero

Eoch doy, neorly 3 billion gollons of oil ore used in the world, of
which 12000 tonngs were spilled in 2005 olone. Mony of the events

consisted of inlond diesel spills, which moy hove impocted freshwoter
ecosystems. ln this study, o diesel spike tost with iuvenile roinbow hout
(Oncorhyncfius myliss) wos corried out to simulote exposura during
spills. Chemicol onolysis wos used io identify individuol compononts,
ond survivol wos monitored over 7-14 doy exposures to ostoblish
lethol concenlrotions. Subsequently, trout livers were used in micro
orroy experiments to screen for moleculor chonges thot could indicote
subtle toxic effects ond identify mechonisms o[ oction. Trout survivol
wos olfected ot diesel exposures of 40-100 mg,/|. (33-100% mortolity).
Gene expression wos oltered ot oll doses testsd (0.8*40 mg/L), but
only ot the highest dose clusters o[ genes were up ond dovrn+eguloted.
Downregulobd gene clusters included those involved in oxygen binding
ond tronsport, os well os olher corrior proloins. lmmune system ond
detoxiftcolion {metobolising enzymes ond electron corriers) genes were
omong the mosl obundont upreguloted genes. Furthermore, indicotions
thot diesel moy serve os on endocrine disruptor were documented.
Since relotively little is known obout the toxic effects of diesel, this study
provided on importqnl ftrst step in identifying the short- ond long-lerm
risks ossocioted with diesel spills in freshwoter ecosystems.

Moleculor Approoches for Understonding Oil Spill lmpocts
on Neorshore Spowning Fish
Heother D oy 

*, NOAA/NM FS/NWFSC
Mork Corls, NOAA/Alosko Fisheries Science Center
Trucy Collier, Noi Schola Jofin lncordono, NOAA,/Nortfiwesf Fisfiaries
Science Cenler

Coostol oil spills con hove severe ecologicol effects on intertidol ond
shollow subtidol zones, which provide crilicol spowning ond nursery
hobitot lor numerous species. Severol imporlont nor]heost Pocilic loroge
fish species daposit demersol, odherent eggs in these zones including
Pocific herring (Clupeo pollosi), sond lonce (Ammodytes hexoptarus),

ond surf smelt (Hypomesus pretiosus). The sensitivily of teleost embryos
to crude oil wos demonstrobd by the Exxon Voldez oil spill, which
coincided with the spowning of Pocific herring in Prince Wlliom Sound.
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Studies following the spill showed thot embryonic exposure to polycyclic
oromotic hydrocorbons (PAHs) in crude oil induces o common suite

of developmentol defeas including pericordiol ond yolk soc edemo,

croniofociol ond body oxis defects. Moreover, significont sublethol

effects result in the obsence of obvious molformotions. Our bosic studies

of PAH toxicity in the zebrofish model identified the developing heorl os

the primory torget of the hicyclic compounds most obundont in crude
oil- Using the sophisticoted genetic ond moleculor tools ossocioled with

the zebrolish model, such os gene knockdown techniques ond DNA
microorroyt we ore working to identify potentiol condidote genes

expresed in the developing heort thot ore misregulotad in response to

PAH exposure. Toword the ultimote gool of developing physiologicolly
relevonl biomorkers [or PAH exposure, we ore groundfuthing these

findings in Pociffc herring embryos.

Environmentol Portitioning of Phtholole /flono Esltrs
Srinivos Suro 

*, MET Progrom, 8io/ogicol Sciences, Simon Froser

Universily
Victorio Otfrcn, Fronk Gobos, Scfiool of Resource ond Environmentol
Monogement Simon Froser Unr'versity

Joel Bot, Michoel lkonomou, Deporlmenl ol Fisheries ond Oceons,
lnsiitule of Oceon Sciences

Environmenlol Portitioning of Phtholote Mono Esters Phtholole di-

esters IPDEs) ore synthetic chemicols produced worldwide in lorge
volumes (5 M rones/yr) for use in medicol ond consumer producls.

PDEs ore ropidly hydrolyzed to form phtholote moneesters IPMEs),
which ore thought to be the more toxic [orm. The behovior ond lote

o[ these PMEs in lhe environmenl is lorgely unknown. This poper
reports on loborolory ond field studies to determine the sedimenl-woter
portitioning {Kocl chorocteristics of PMEs. Sorption coefficients for 8
different PME congeners in soltwoler ond freshwoter ot neutrol pH levels

were meosured in sterilizcd morine ond lresh woter sediments in the

loborotory ond in noturol sedimenls in field studies. Sorption coeflici6nts

ronged between 47 ond75 L/Kg, while sorption coelficients in field

sediments ronged batween lO27 ond 2568 /Kg. The sorption
coefffcients from loborotory studies were lower fion expected from

their Kow volues ond olso lower $on those meosured ot morine field

locotions. We conclude lhot PMEs porlilion ropidly between woter ond

sediments with equilibrotion less ihon 24 hrs ond thot ot neutrol pH
portilion coafftcients ore much lower thon expected lrom their reported
Kow.

Posl-Horvest Aluminum Toxicity in Podzolic Soils of the
Sunshine Coost B.C.
Stephonie Grond', Les Lovkulich, Uniyersit'/ of Bitish Columbio

Most forest soils in the Georgio Bosin - Puget Sound oreo ore ocidic
ond noturolly high in ovoiloble oluminum. Aluminum is toxic to most

lerrestriol bioto, ond ofter leoching into droinoge woters, to oquotic
bioto. This study invgstigotes the chonges in oluminum geochemishy

following lorest horvesting. We colleded soil somples from undisturbed

plots, ond compored them to somples from neighbouring plots ]hot were

cleor-cut I to i5 yeors ogo. Geochemicol onolyses reveoled thot the

soils ore very ocidic ond ot risk for oluminum toxicity. There is no chonge

in pH {ollowing logging. The soils ore podzolic ond exhibit o thick lup
to 15cm) Ae horizon. lmogoliteJype moteriol llTMl is widespreod in

the sub-soil horizons. ITM is o very reoctive, omorphous minerol rich in

oluminum. l[ dissolved it moy releose toxic oluminum ions to soil ond
droinoge woler. Forested plots of this study contoin up to 4Og lTMrrkg

soil. ln logged plots the soil ITM content decreoses to o low of l2g/kg
in the 5 yeors horvested plot. We observe only weok signs of ITM

pool recovery ot l5 yeors post disturbonce. Forest horvesting seems

to couse o losling disruption of lTM. ln logged plots we olso obsarve

o slight increose in exchongeoble oluminum. However, axchongaoble
colcium levels olso increose ofter horvesting ond moy help olleviole
oluminum toxicity in these soils. The Co/Al molor rotio, o useful prediclor
of oluminum toxicily in soils, is remorkobly constont {oround l.l ) in oll

plots.

Environmenlol Contominonts in lhe Morine Foods of
Voncouver lslond First Notions; o Community-Orionted
Risk Evoluorion
Ihomos Childt, Noncy Turner, University of Viclorio
Peler Ross, lnstilule of Oceon Science

Troditionol morine foods ploy o cruciol role in the food security ond

culture o[ cooslol First Notions in British Columbio. Growing concerns
regording the continued sofety of these foods hos orisen from reports of
high contominont levels in solmon, crob, ond horbour seols. Currently,
there is little quontitotive informolion ovoiloble on dietory prelerences

ond consumplion potlerns o{ cooslol Firsl Notions, moking il impossible

to ossess the risk posed by these contominonts. Our sludy hos hwo

elements: 1) dietory surveys of up to 60 respondents ot eoch o[ five
portnering First Notions communities on Voncouver lslond (Guotsino,

Ahousoht, Compbell River, Snuneymuxw, qnd Pocheedoht First Notions);

ond 2) Contominonl onolysis of lour sentinel food species collected
from eoch of the ftve communiiies (horbour seols, sockeye solmon,

Dungeness crob, ond butter cloms). Preliminory dietory survey results

indicote o heovy relionce on trodifionol seo[ood1 including solmon ond

crob. Anolyses for polychlorinoted biphenyls (PCBs), polybrominoted
diphenylethers IPBDEs) ond orgonochlorine pesticides of 78 somples

ora currently underwoy. Through porticipotory r6s€orch, our gool
is lo increose understonding of the integrity of coostol troditionol
food systems, ond of the heolth benefits ond risks ossocioted with the

consumption o[ troditionol food resources.

Levels of Chemicol Contominotion ond Toxicity in
Scdiments from Hood Conol, WA 11952 - 20051
Sondro Aose4 Morgoret Dulch*, Edword Long, Woshingfon Stote

Deportmenl of Ecology

Levels of chemicol contominotion ond toxicity meosured in Hood Conol

sediments were exomined by Ecology' s Puget Sound Assessment ond
Monitoring Progrom Sediment Moniloring Teom os port of on ellort
io ossess the effecls of low dissolved oxygen on benthos in Hood
Conol for the Hood Conol Dissolved Orygen Progrom. Exominotion

of oll ovoiloble dotq collecled from 1952 through 2005 reveoled o
number of spotiol potterns. Chemicol conlominoiion ond toxicity were
generolly low in Hood Conol ond were usuolly confined to Port ludlow,
Port Gomble, ond Dobob Boy. Metols were detecled more frequently
(81% of somples tested) thon orgonic pollutonls (0'l"44% of somples
rsted). Chemicols rorely exceeded Woshington Stote Sediment Quolity
Stondords, but did for o suite of metols, PCBs, ond benzenes ot slotions

collecled in 2000 in Port Gomble; for nophtholene (on [PAH) otone
stotion in 1999 in Port [udlow; ond for butylbenzylphtholote ot one

stolion in 1990 in Dobob Boy. Severol toxicity tesh {omphipod survivol,
seo urchin [ertilizotion, bivolve lorvol morphologicol development,

cytochrome Pr'50 RGS) indicoted toxic sediments in Port Ludlow Port

Gomble, Dobob Boy, iust south of Dobob Boy, ond in southern Hood
Conol neor Lilliwoup. Existing temporol doto were limited ond were
insullicienl to indicote trends.

Polybromiaotcd Diphenyl Ethers (PBDEsl ln Puget
Sound Sediments - A Boseline Updote
Morgorel Dulch", Sondro Aoseo Woshington Stote Deportmenf oI
Ecology

Polybrominoted diphenyl ethers (PBDEs), synthetic flome retordonts
inhoduced in the lote l9Z0s to reduce the flommobility of household
ond commerciol producb, ore o new pollution concern focing Puget

Sound. Structurolly similor to polychlorinoted biphenyls (PCBs), it
is now known thot PBDEs breok down ond enter lhe ecosystem,

biooccumuloting in humons ond other orgonisms, cousing serious heolth

concerns. ln 2004, the Woshington Stote Deportment of Ecology' s

Morine Sediment Moniloring Teom odded PBDEs to the lisl of chemicols
meosured in sediments collecled for the Puget Sound Assessment qnd

tIo



Monitoring Progrom (PSAMP). Five congeners, including BDE.47, 99,
100, 153, ond '154 were meosured lor 30 sedimenl somples collected
from Hood Conol in June 2004. These, ond 7 odditionol congeners,
bDE49, -66, -71, -138, -183, -184, ond -209, were meosured ot l0
long-term sedimenl monitoring stotions collected throughout Puget

Sound in April 2005. ln June 20O6, PBDEs were sompled ot 40 spotiol
sediment monitoring stotions in Georgio Bosin. levels of PBDEs in these

sediments ore reported here, updoting the boseline of doto indicoting

current levels ond the dishibulion of PBDEs in Puget Sound sediments.

lnorgonic Arsenic Concenlrolions in Seofood Species from
the Lower Duwomish Woterwoy lSeottle, WA) ond Puget
Sound Bockground Areos
fqd Deshler*, Kothy Godt{redsen, Windword Environmentol tlC
Doug Hotchkiss, Port of Seottie
Jeff Stern, King Counf
Skip Foa Ihe Eoeing Compony
Jennie Goldberg, Cif of Seot e

The Lower Duwomish Woterwoy (tDW) in Seottle, WA wos designoted

by EPA os o Superfund site in 200'1. ln support of the humon heolth
risk ossessment, fish ond shellfish species potenliolly eoten by people
were collected ond onolyzed [or inorgonic orsenic. Arsenic noturolly

occurs in lhe eorth' s crust ond is olso found d elevoted concentrolions
in soil lrom cenfol Pugel Sound, including oreos neor lhe [DW, os

o result of induslriol oclivity ol the former Asorco smeller in Ruston,

WA. Consequently, bockground somples of [ish (English sole ond
shiner sudperch), crob (Dungeness ond slender), ond cloms (Eostern

softshell ond Mocomol were collecled for use in on incrementol risk

ossessment. lnorgonic orsenic concenlrolions in perch, English sole,

ond crob were similor between LDW ond bockground oreos. lnorgonic

orsenic concentrotions in LDW cloms, however, were mony times

higher thon inorgonic orsenic concentrolions in cloms from bockground
oreos. Concentrotions of inorgonic orsenic in soltshell cloms lrom the

LDW ronged from O.'13 2 to 3.27 ng/kg wet weight, compored to

inorgonic orsenic concenlrotions in cloms from two bockground oreos,
which ronged kon 0.047 to O.227 ng/kg wel weighl. The LDW

concentrations ore much higher thon inorgonic orsenic concentrotions
reported in the scientific literoture for other norlhwest shellfish.

Hypolheses to exploin the unusuol results ore evoluoted.

Atmospheric Tronsport of Persistent Orgonic Pollutonts
(Popsl in Southern British Columbio: lmplicotions for
Coostol Food Webs
Morie Noel*, Neil Dongerfield lnslilufe o[ Oceon Sciences

Woyne Belzer, Pot Show, Environmenl Conodo
Peter. S. Ross, lnsilufe of Oceon Scrences

Environmentol contominonts come from mony sources ond con enter

the morine environment in o voriety of woys. The high concentrotions

o[ persistent orgonic pollutonts {POPs) reported in morine mommols
inhobiting 6pristine' oreos support the notion thot otmospheric tronsport
processes con reodily deliver contominonts of concern to remole lood
webs. However, the propensity of o given conlominont lo undergo

long ronge otmospheric tronsport depends on the inleroction between
its physicochemicol properties ond numerous environmentol feotures.

We investigoted the levels oI vorious POPs (including polychlorinoted
biphenyls (PCBs), polybrominoted diphenyl ethers lPBDEsl, ond
orgonochlorine pesticidesl in oir somples collected from southern

British Columbio. Somples wera collected weekly ond pooled inlo

seosonol somples for onolyses during o I2+nonth period in 2004. Two

sompling stolions were used, comprising I ) Georgio Bosin (Soturno

lslond), in close proximity to locol industries ond urbon centers, ond 2)
the west coosl of Voncouver lslond (Ucluelel), o remote locotion which

receives oir mosses from Asion sources. Some of our previous work hos

suggested thot o combinotion of €locol' ond aglobol' contominonls

is contributing to the heovy contominotion o[ morine mommols,

including horbour seols (Phoco vitulino) ond killer wholes (Orcinus

orco). The presenl study sheds some light on the imporlont role thot
otmosphericollydelivered contominonts ploys in contominoting coostol
lood webs.

Feeding Roles of Benthic Suspension-Feeding
Mocroinverlebrotes in Woshington Stote on the Toxin-
Producing Phytoplonkton PseudoNitzschio
Evo Dusek*, Clrorles Simenstod, Micoelo Porker, Andre Punl, Megon
Dethier, Universily of Woshingron

ln Woshington stote, blooms of the toxin-producing phytoplonkton
Pseudo-nitzschio hove coused numerous beoch closures [or shellfish

colleclion. Severol species of Pseudo-nitzschio produce the neurotoxin
domoic ocid, which biooccumuloles in lhe soft tissues of suspension-

feeding shellfish ond con couse deoth in vertebrote predotors. Since

1991, beoch closures [or rozor clom collection hove occurred regulorly
olong the Woshinglon coost. ln Puget Sound, however, beoch closures

for domoic ocid hove been less frequent, ond only first occurred in

2003. One hypothesized reoson for the higher {requency o[ beoch
closures olong the Woshinglon coosl relotes to differences between

suspension.feeding ossembloges on sond/cobble beoches in the two

locotions: specificolly, Pugel Sound hos o more complex ossembloge
of suspensionJeeders lhot consume Pseudo-nitzschio, whereos olong
the Woshington coosl, consumplion of Pseudonitzschio is concentroted
in fewer ond more horvestoble species. To test this hypothesis, feeding

copocity on Pseudo-nitzschio wos ossessed in l3 species of shellfish

lound in Woshingion. Generolly, oysters ond mussels consumed Pseudo-

nitzschio ol subslontiolly higher rotes thon cloms, ond bivolves [ound
in Puget Sound consumed Pseudonitzschio [oster lhon rozor cloms

found on the Woshinglon coost. These doto will be presented with o
generolized model lo ossess the copocity of Woshinglon's neorshore

ossembloges to [ilter Pseud+nitzschio from lhe woter column.
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Julion Aheme
Conodo Reseorch Choir in Environmcntol Modclling
Trent University
Environmenlol ond Rssource Studies

Peterborough Onlorio

iulion.oherne@ucd.ie
Conodo Reseorch Choir in Environmentol Modelling, Trent University

Skip Albertson
Oceonogropher
Woshington Slote Deportment of Ecology
EAP

Olympio WA
olberts@oceon.woshington.edu
Skip Albertson is o licensed engineer wilh MS degrees in engineering IUC-
Berkeley) ond oceonogrophy (UWl who works wilh hydrodynomic models

ond hydrogrophic doto for the WA Dept of Ecology loword o greoter
unded,onding o[ wotor quolity in greoter Puget Sound.

Jomie Alley
Director
British Columbio Ministry of Environment

Oceons ond Morine Fisheries Bronch

Victorio Eritish Columbio
Jomie.Alley@gov.bc.co
Jomie Alley is o geogropher by hoining wilh degrees in nolurol resource

monogemenl hom Simon Fmser University ond the University of Victorio.

Jomie begon his coreer with lhe BC provinciol Government in '1977 
ond

hos held o voriety o[ positions in noturql resource ministries os well os

the lnlergovernmenlol Relotions Secretoriot ond the Cobinet Office. He
is currently the Director of the new Oceons ond Morine Fisheries Bronch
of the Ministry of Environment ond hos responsibility for morine fisheries

monogemenl seofood indusky developmenl ond oceons resource

mqnqgement.

loreen Allphin
Director
Dept. o[ Plont ond Animol Sciences

Brighom Young University
Provo, UT

Eloine Anderson
Wildlife Progrom Coordinotor
Longley Environmentol Portners Society

Longley British Columbio
eonderson@tol.bc.co
Elqine is the Wildlife Progrom Coordinotor lor [EPS. She is olso o PhD

student ot UBC. She hos o Moster of Science in Environmentol Plonning

degree (UBCl, o Bqchelor of Science in Agriculture degree (UBC), ond o

Bochelor of A*s degrae {UBCI. She is o registered Pro{essionol Plonner

{MCIP) ond o Prolessionol Agrologist lPAg.). She hos wo*ed os on
Environmenlol Plonner with the Greoter Voncouver Regionql District ond the

Township o{ longley.

Eric M. Anderson
PhD Student
University of Wyoming
Dept. of Zoology ond Physiology

loromie WY
emonder@uwyo.edu
Eric Anderson received q BS from the University o[ Puget Sound in 1994

ond on MS lrom lhc University o[ Wyoming in 2002. He is currenlly o PhD

condidote ot the University of Wyoming ond is studying the influences ol
coosbl resources on scoler condition lhroughout the onnuol cycle.

Rolond C. Anderson
Biologist
Seottle Aquorium
[ife Sciences

Seottle WA
rolond.onderson@seottle.gov
Rolond C. Anderson, Ph.D., is q biologist ot $e Seoflle Aquorium where he

hos worked lor 29 y6ors. He is porliculorly interested in the noiurol hislory

ond behovior of Puget Sound cepholopods. He hos published numerous

orticles on morine invertabroles of the Pocilic Norlhwest in scienfific iournols
ond the lrode press. He hos porlicipoled in numerous conferences, giving
tolla on the behovior of cepholopods ond other mollusks.

Peler Arcesc
Pro{essor
University of British Columbio
Centre for Appliad Conservotion Reseorch

Voncouver Brilish Columbio
peter.orcese@ubc.co
Peter Arcese is FRBC Chqir o{ Conservotion Biology ond Director of the

Centre for Applied Conreryotion Reseorch, UBC, ond hos much experience

working with the ecology, genetics ond conservotion o[ bird, mommol ond
plont populotions in WA, BC ond A[ricq.

Poul A. Arp
Profcssor
Universi[ o[ New Brunswick
Foculty of Forestry ond Environmentol Monogement
Fredericton New Brunswick
orp2@unb.co
Reseorch interesls: lorast soils, lorest hydrology, foresl biomoss ond nulrienl

cycling, ecologicol modeling, soil-bosed GIS opplicolions ond reloted field
studies

Coroline Astlcy
W dli{e Biologist
Modrone Environmentol Services ltd.
Abbotsford Brilish Columbio
coroline.ostlay@modrone.co
Coroline Aslley is o Wildl{ie Biologist with more lhon {our yeors of
experience with rora species ond wildlile hqbitot inventory in the Froser

Volley. Previous lo Modrone, she wos lhe Wildlife Coordinotor for l-EPS.

Amondo L. Bobson
University o{ Woshington
School of Oceonogrophy
Seotle WA
bobsono@oceon.woshinglon.edu
Amondo Bobson hoils lrom Gloucester, Mossochuse]ts. She moiored in

physics ot Corleton College in Norlhffeld, Minnesoto. She received her

M.S. from the University o{ Woshington School of Oceonogrophy in 2002
ond will receive har Ph.D. kom the sqme inslilution in December 2006. Her
reseorch hqs focused on questions of circulqtion voriobility in Puget Sound

using simplilied ond ideolized modeling tcols.

Peter F. Bohls
Director
Northwest Wotershed lnstitute

Port Townsend WA
peler@nwwotershed.org
Peter Bohls is Director of Northwest Wotershed lnslitule, o nonprolit
orgonizolion bosad in Port To,nnsend, WA. He eqrned on M.5. in Fisheries

Science ond Aquotic Ecology from Oregon Stot. University ond hos worked
on wotershed ossessment, proteclion, snd reslorolion in Oregon ond
Woshington for over l2 yeors.
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Suson A. Boldwin
Associote Profesror
University of British Columbiq
Chemicol ond Biologicol Engineering
Voncouver British Columbio

sboldwin@interchonge.ubc.co
Sue Boldwin is on ossociote professor in the Deportment of Chemicol

ond Biologicol Engineering ol th6 Universily o{ British Columbio. Her lqb
works on developing genetic biomorkers for hqemic neoplosio in mussels

which ore used for environmenlol monitoring. Sha olso does work on

bioremediotion ond biomonitoring o[ contqminoted sites.

Lcrlic B. Bonigon
Environmentol Hcohh Spcciolisr
Kitsop County Heolth District

Woter Quolity
Bramarton WA
mlbonigon@lscnet.com
leslie Bonigon is o Registered Sonitorion with the Nolionol Environmentol

Heolth Asociqtion ond o cenified On-Site Woslewoter lnspeclor vrith

Woshington Slote Deporlment of licensing. She is lhe Pollution ldentificqlion
ond Correclion (PlC) Progrom Coordinqtor ot the Bremerlon-Kihop County
Heqlth District ond hqs been with the Heolth District's Woter Quolity
Progrom since 1996. Since 1996, Leslie hos worked on vorious pollution

identificotion ond correclion proiects throughout Kitsop County including
Port Gomble Boy, Gorst Trocylon, long [oke, Burley Logoon ond the Upper
Hood Conql. Her eflorts in Pod Gomble Boy ond Burley Logoon were key

in lhe identilicotion ond correction o[ sources of [ecol coliform pollution thot

eventuolly led to the upgrode o[ commerciol shelllish growing oreos. She is

cofounder of the PIC Protocol ond Priority [isl. ln oddition, Leslie developed
exleniive experience in wotBr quolity monitoring lechniques while ossisling
with the Heolth Districi's Slreom ond Mqrine Woter Trend Monitoring
Progrom.

Corric Boron
Droinogc & Environmcnt Monogcr
City of Surrey

Engineering
Surrey Brilish Columbio

coboron@surrey-co
Corrie Boron is the Droinoge & Environmenl Monoger lor the City ol Surrey.

She is o Woter Resourccs Engineer with over 2l yeors of experience in

this field lrom both o municipol ond consuhing percpective. Her scction's

responsibilities include werseeing the function of the nqturol ond monmode

droinoge syslems within Surrey ond the Enginearing componant of ihe
Nolure Molters Progrom.

Russcl Borsh
Dirsctor
KWIAHT
Centre for the Historicol Ecology of the Solish Seo

lopez lslond WA
RLBorsh@gmoil.com

Russel Bqrsh studied humon ecology ond low ot Horvqrd, then tought ot the

University o[ Woshington | 1974841, University of Lethbridge (1993-99] ond
New York University (200O20021, ond odvised on lndigenous peoples ond

environmenlol issues ol the United Notions 11984.20001. He now direcls

KWIAHT, o nonprolil consorvotion loborolory in the Son Juon lslonds with o

locus on humqn ond climole forcing o[ long lerm ecosystam chonge.

Corinnc J. Bossin

University of Woshington

Applied Physics [oborotory
Seottle WA
cbossin@opl.woshington.edu
Corinne Bossin hos o Mosiers in Morine Science from University of
Coliforniq, Sonto Borbqrq

Hcnrielte BosrrupBirk
Rcscorch Arsociote
Cotholic University of [euven, Belgium

Educotionol Science ond Leorning

Brussels Copitol Region

h.b.b@skynet.be
After two yeors in the Donish Ministry for Foreign Affoirs, Henrieie Bostrup
Birk worked {or more thon len yeors in the EU Commission (Brussels) on
community development ond collqborqlive ecosystem monogemenl in cross.

border regions. Behueen I998 ond 2005, she undertook len study tours lo
the PS,/GB region in order lo goin beter understqnding o[ lond use plonning

ond ecosyslem restorolion in this region, meeting o voriety of ocbrs north
ond south of the border. ln 1999, 2OOO ond 2003, she spoke ot scminors
ond conferences in the region. She is currently reseorch ossociota ol the

Deportment lor Educotionol Science ond Leorning, Colholic University of
leuven, Belgium. She will be o visiting scholor ot UBC in spring 2002

Eric M, Beomer
Reseorch Diredor
Skogit River System Cooperotive

Reseorch

[o Conner WA
ebeomer@skogitcoop.org
Eric Beomer hos worked os o scientist {or lhe Skogit River System

Cooperotive since 1984. He is the principle invcatigotor on severol Skogit
wotershad proiects, including moniloring Chinool rclmon in the fidol dello
& neqrshore, studies o{ the use of non.notol estuories by iuvenile Chinook
solmon, ond recenl reseorch thot directly links estuorine & neorshore hobilot
to recovery o[ wild Skogit River Chinook solmon populotions.

Richord J. Beomish
Senior Rcreorch Scicntist
Fisheries ond Oceons Conodo
Nonoimo Brilish Columbio
beomishr@poc.df o-rnpo. gc.co
R. Beomish is the Senior Scienlist ot the Pocilic Biologicol Stotion in

Nonqimo. He is o member of the Order o[ Conodo qnd the Order of
British Columbio ond q Fellow ol the Royol Society o[ Conodo. His currenl

reseorch exqmines lhe loctors thot regulole the obundonce of PociJic solmon
in the Oceon.

Hclcn D. Bcrry
Coostol Ecologist
Woshington Stote Deportment of Noturol Resources

Neorshore Hobitot Progrom

Olympio WA
helen.berry@wodnr.gov
Helen Berry is o cooslol ecologist who studies lhe stqtus ond trends in

interlidol ond shollow subtidol hobltots for the Neorshore Hobitot Progrom in

tha Woshington Deportment of Noturol Resources.

Rcbccco J. Bcsl
Universily o[ British Columbio
Foresl Sciences, Cenfe for Applied Conservotion Reseorch

Voncouver British Columbio
rbes@interchonge.ubc.co
Rebecco Best is complating her M.Sc. ot the Centre lor Applied
Conservotion Reseqrch qt UBC. ln September, she plons to begin Ph.D.

resgorch on lhe ecology ol invosive species in Pocific Northwest eelgross
beds-

Chicf Dorrcn Bloney
Homolco First Notion

Compell River British Columbio
dorrenb@telus.blockberry.net
Chiel Donen Bloney is serving his 2nd 3 yeor term os Chief of Homolco First

Notions ond hqs qlso served 6 yeors os thc Council President of Bule lnlet
Devclopment Coryorotion. He received o Bochelors in Fir$ Notions Studios

in I998 from Molospino.
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Gino Bonifo.ino
Air Quolity Plonner
US EPA Region l0 Office
Gino Boni{ocino (ponel moderotor) is on Air Quolity Plonner with the US

EPA Region l0 Office which hos iurisdiction in the Pocilic Northwesl slotes of
Woshinglon, Oregon, ldoho, ond Alosko. Prior lo coming to EPA, Gino wos
o lisheries volunto€r with th6 LJS Peoce Corps in lhe Philippines. She holds o
B.S, in Erwironmentol Resource Monogemenl from Penn Stqte Uniyersity qnd

on M.S.E.S. ond o Moster of Publlc Affoirs (M.PAI from lndiono University,

lynne E. Bonner
Scicnce Plonning Advisor
British Columbio Ministry of Environment

Stote of Environmenl Reporting
Victorio British Columbio
lynne.bonner@gov.bc.co
Lynne Bonner hos been working in the British Columbio Ministry of
Environment's Slote o[ Environment Reporling unit for the posl 4 yeors. Over
the post 18 yeors with the provinciol governmenl in Victorio, BC, she hos

worked in hobitot enhoncemenl, monitoring ond inventory progroms ond
wos instrumentol in developing slondords for wildlife hobitot rotings opplied
to terrestriol ecosystem mqpping. Currenlly, lynne is working on updoting

the EnvironmentolTrends in Brilish Columbio report lor proiected releose in

lote 2OO7.

Julio K. Bos
Oceonogropher
Woshington Stote Deportment of Ecology
Olympio WA

ibos46l @ecy.wo.gov
Julio K. Bos, Environmenlol Speciolist lV, Environmentol Monitoring ond
Trend:. Julio Bos hqs been working ot the Deportment of Ecology since

I 999. She servos os coordinotor ond doto collection monoger for lhe

Morine Woters Monitoring progrom which includes PSAMP-funded long-

lerm morine woters monitoring, lhe South Sound Dissolved Oxygen Study
ond coordinotion with rhe UW PRISM proiect. She received o B.S. in

Oceonogrophy from the University of Woshington in 1999.

Joshuo V, Boumo
Groduote Studcnl
University of Woshington
Aquotic & Fishery Sciences

Seottle WA
boumoi@u.woshington.edu
Joshuo Boumo is o Mostar's degree condidole in the School of Aquotic &
Fishery Sciences ol the Universi! of Woshington studying pinto obolone
recovery in lhc Son Juon lslonds. He is on ovid divar whose lovorite dive

destinotions include lhe Son Juons, Neoh Boy ond Port Hordy. When not

cqrrying o slote, colipers ond tope meosure in lhe wqter, Josh con usuolly be

found wilh on underwoter cqmero in his honds,

John L. Bower
Associote Profesror
Western Woshington University
Foirhoven College
Bellinghom WA

ibower@cc.wwu.edu
John teoches field biology, noturol history, evolulion, environmentol issues,

ond lolk music perlormonce ol Foirhoven College o[ lnterdisciplinory Sludies

ol Weslern Woshington University. His currenl reseorch centers on chonges

in NW Woshington morine bird obundonce. His posl reseorch includes

studies on bowheod wholes ond ocoustic communicqlion in songbirds. Most
recently, John ond his lomily lived 500 miles off the coost of Chile on lslo

Robinson Crusoe lor live months while studying endongered hummingbirds

ond seobirds.

Motthaw T. Bowcs
University of Victorio
Geogrophy
Victorio British Columbio
motthewbowesZl @yohoo.co
I om o UVic PhD condidoto in gaogrophy with o bockground in culturol
onthropology, environmentol studies ond ouldoor recreotion. My reseorch

interests include porl.s ond prolected oreoi, resource issues, recreotion

politicol ecologT locol knowledge ond communily colloborolion

Seon W. Boyd
Reseorch Scientist
Environmenl Conodo
Conodion Wildlife Service
Delto British Columbio
seon.boyd@ec.gc.co
MSc, UBC 1978. PhD, SFU 1995. Biologist with Conodion Wildlife
Service from 1980 to 1998, Reseorch Scientist wilh Conodion Wildlife
Service since 1998 hD presenl.

Motthcw Boylc
Senior Biologist/Principol
Grette Associotes, LLC

Tocomo WA
motthewb@gretteo ssocio les.com
Motthew Boylc is o Principol ond Senior Biologist ot Grotle Associotas. His

proclice in oquotic neorshore hobilot studies, reslorollon ond monitoring

include intertidql hobitots ond aelgross.

Jill M. Brondcnbcrgcr
Reseorch Scicnticl
Bottelle Pocilic Northwest Notionol Loborotory
Morine Chemisky

Sequim WA
Jill. Brondenberger@pnl.gov
Ms. Jill Brondenberger is o morine chemisky reseorch scientist. She monoges
progroms focusing on lhe biogeochemicol cycling o{ hoce matols in

morine ond lreshwoler environmenls. Recent reseorch progroms locus on

correlolions between slorm woEr looding of contominonts qnd lond use

clossificotions, wotershed scole contominont moss bolonces, woluoting
hisloricol fends in hypoxio in the Pugct Sound, biofic uptoke ond depurotion

of uronium, ond the dissolution ol borile ond releose of qssocioled rqce
metols in lhe morine environmenl.

Michocl T. Brctt
Associotc Profcssor
University of Woshington

Civil Env. Eng.

Seottle WA
mtbretl@u.woshi n gton.edu
Michoel Brett obtoined his PhD in biologicol limnology from Uppsolo
University in Sweden ond is current on Associole Professor in Civil qnd

Enyironmentol Engineering ot the University of Woshington,

Scott Brewer
Hood Conol Coordinoting Council
Poulsbo WA
sbrewer@hccc.wo.gov
Scott Brewer is currenlly lhe Solmon Recovery Progrom Monoger with the

Hood Conol Coordinoling Council. Scott hos o BA degree in Urbon ond
Mekopolilon Studies/Policy Anolysis from Michigon Slote University ond
Mosler of Science from the UW School of Fisheries. Scotl olso worked os o
Senior Ecologist for King County on solmon recovery plonning for the Loke

Woshington/Cedor River wotershed. Sco[ hos olso served qs lhe Director

of the Poa Gomble S'Klollom Tribe's Noturol Rasources Deporlmanf; on
Ecologist with Americon Rivers; ond Fisheries Monoger with the Skokomish

Tribe.
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Kevin H. Britton-Simmons
Rcscorch Associole
University of Woshington
Fridoy Horbor Loborolories
Fridoy Horbor WA
oquomon@u.woshinglon.edu
Current position: Rescorch Asrcciote {Postdocl, Fridoy Horbor loborolories,
University of Woshington. Educotion: Ph.D. Ecology, The University o[
Chicogo, 2003; B.S. Zoology, University o[ Woshington, I998,

Ginny Broodhurrt
Morinc Progrom Coordinotol
Northwest Shoits Commission

Mount Vernon WA
broodhurst@nwstroits.org
Ginny Broodhurst is lhe Morine Progrom Coordinotor for the Northwest
Stroils Commission. She monoges regionol morine conservolion ond
reslorolion proieas ond provides technicol support lo seven Morine
Resources Commiltees. Ginny hos o BS in environmenlol conservolion from

Univonity o{ New Hompshire ond on MMA in mqrine offoirs from University

o[ Woshington.

lrene B, Brooks
Commissioner lo lhc U.S. Section
lnternotionol Joint Commission

Woshingion, DC

brooksl@woshin gton.iic.org

lrene B. Brooks wos oppointed os Commissioner to the U.S. Section,
lnternoliono I Joint Commission, by President George W. Bush ond ossumed

olffce on December 3, 2002.

ln on ero of unique chollenges, lrene Brooks hos corefully ond thought{ully

feod on impressive polh os odminislrotor, negoliotor ond leoder- She

wos oppointed by Gwernor Tom Ridge to rapr€ront Pennsylvonio on oll
int6rslote river bosin commissions of which the Commonweolth is q member.

Ms. Brooks served os Pennsylvonio Commissioner ond Execulive Direclor,

Pennsylvonio Deportment of Environmenlol Protection, Office for River Bosin

Cooperotion from 1995.2002. She coordinoted with the Secrelory of the

Deportmentond ttre Governor's Office on o vqriety of inteBtols issuct
including the development of long+onge plons ond odoption of policies, os

well os regulolions oflecting the woter of millions of cilizens within fifteen

slotos ond two Conodion Provinces. She served os Chqir of the Greqt lqkes

Commission from 1998-2000 ond Vice Choir from 199&1998.

ln 1989 she wos oppoinled by President George Bush to serve os lhe

United Stotes Commi$ionar lo ihe Delo' rore River Bosin Commission, o five-

member regulotory ond quosijudiciol ogency monoging tho wotor rosources

within the l3,O0Gsquore.mile Delowore River Bosin. She helped lormulote
federol policy, coordinoting o consensus qmong oll lederol ogencics ond
working with Congressionol commillees, individuol Congresmen ond slofl
members plus stole ond lederol represontotiv6s.

Previously, Ms. Brooks wos oppointed by unonimous vote o[ ths Court of
Common Pleos io complale o term os Chester County Commissioner ond
wos subsequently elected to thot position. She dweloped ond implemented

o comprehensive countywide plon to help protect ond preserve lhe

environment, {ormlond ond open spoces, the {irst of its kind in Pennsylvonio.

The Chesler County Open Spoce Progrom hos been odopted by other

counlies ocross lhe country ond hos won scvcrol Presidentiol Awords.

Ms. Brooks groduoted cum loude with o Bochelor's degree in politicol
scicnce,/public odministrolion lrom West Chester University. She hos

received the Mory H. Morsh Medol [rom lhe Americon Woter Resources

Associotion,lhe Stewordship Aword from the Delowqre River Bosin

Commission, recognilion for her outstonding service lrom the Grcot [okes

Commission, the Leodership Aword lrom the lnterstote Council on Woter
Policy ond the Outstonding Service to Conservolion Aword from The Noture
Conscrvoncy, omong others. She enioys fy fishing, cnnis ond exploring ihe

ebbs ond flows ol notoble Americon tributqries.

Dqrrrcn Brown
Environmcntol Coordinotor
Abbotsford British Columbio
Dorrcn Brown is on Environmenlol Coordinotor wilh the City of Abbotsford.
Previous to his position with the City, he wo*ed in tho privote sector both
nolionolly ond inbrnolionolly corering o wide voriety of environmentol
issues ond disciplines.

Don Buffett
Rcaionol Biologist, BC Coost
Ducks Unlimited Conodo
Surrey British Columbio

d-buffett@drcks.co
Don Buflstl is th€ regionol biologisl for the BC Coost Office of Ducks
Unlimited Conqdo ond is responsible for conservolion plonning ond
reseorch. He is port of o multiogency teom thol secure ond restore esluorine

hobitot olong the BC Coost. Don recenlly receivcd his Mosters in Resource

ond Environmentol Monogemanl lrom Simon Froser University.

Douglos A. Bulthuis
Estuorine Scientist
Podillo Boy Nolionol Estuorine Reseorch Reserve

Mount Vernon WA
Bulthuis@podilloboy.gw
Dr. Douglos Bulthuis is the Reseorch Coordinotor ot Podillq Boy Nolionol
Esluorine Reseqrch Raserve neor Mount Vernon, Woshington. He hos

conducled reseorch on seogrosses ond saogross ocosyslems in Victorio,
Austolio ond in the Pocific Norlhwest. He received his Ph.D. degrcc from
LoTrobe University in Melbourne, Austrolio, o M.S. lrom Michigon Slote
University in Eost [on!ing, Michigon, ond o B.A. from Colvin College in

Grond Ropids, Michigon.

Brendo Burd
Prcsidcnt
Ecostol Reseorch ltd
N. Soqnich British Columbio

bburd@telus.net

Rcscqrch Associote UBC
Fisheries ond Oceons Conodo
lnslitute of Oceon Sciences

Sidney British Columbio
burdb@poc.dfo-mpo.gc.co
Dr. Burd's Benthic work hos token two direclions; l)developmenlof
sompling designs lor oquotic hobiicts, os well os onolysis o[ benthic

community response ond recovery pollems os they relote to the eovironmenl

These proieck ore numerous, ond cover o voriety of temperote ond
tropicol morine hobitots lrom '1980 to presenl. Some proiects ore oullined
in the ottqched curriculum vito, ond include relotively unlouched oreos os

well those potentiolly offected by metol mines, pulp mills, fish forms ond
muhiple dirchorges (sewoge, slormwoler, induslriol, oceon dumping); 2l
development of sompling ond onolyticol protocols ond theory fror benthic

reseorch ond monilodng progroms.

John Cqrlcton
Londrcopc Plonner
Woshington Stote Deportment of Fish ond Wildlife
Hobitot Progrom

Olympio WA
corleipc@dfw.wo,gov
John Corleton is currenily o Londscope Plonner lor lhe Woshington
D6portm6nt of Fish ond Wildlite. He hqs been with the ogency for wer 26
yeors, working in such orsos os nolurol resource domoge ossessmenls ond
wotershed onolysis.
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Jose Corrosquero
Fisheries Direclor
Herrero Environmentol Consulbnts, lnc.

Seotle WA

icorrosquero@herreroinc.com
Jose Corrosquero is o Fisheries Director wilh Henerq Enyironmenbl

Consulbnts. He hos groduote degrees in both lisheries ond morine biology
ond 17 yeors ol professionol experience in Puget Sound including neorshore

hobitoi reslorolion design. He hos porticipoted in the study of shoredrifi
direclion ond longshore sediment lronsport, beoch sediment ond proffle
choroclerizolion, benthic ecology, ond solmon biology ond estuorine hobitot
requiremenls. Mr. Corrosquero hos porticipoled in solt morsh reslorolion
Ieosibility studies including the salection o{ relerence morshes.

Jomes C. Corruthers
PhD Condidotc
University of British Columbio
Resource Monogement Environmentol Studies

West Voncouver British Columbio

iomescor@interchonge.ubc.co
Jqmes Corru6ers 1970: Bochelor of Architec,ture, UBC (Voncouver, BCl.

1979: Moster of Environmenlol Studies, York University (Toronto). l9Zl -

1990: Architect/Urbon Plonner in Toronlo, Sudbury, Los Angeles ond
Voncouver. 199O2004: Employed by UBC Compus Plonning. 1997:
UBC Prssident's Environmenlol dword. 1998: Diplomo Public Sector

Monogement, University of Viclorio. 1999- 2004; UBC Monoger of
Developmenl Services. 1999.2006: PhD in UBC R€sourc€ Monogement
ond Environmentol Studies. '1983-2006: West Voncouver residenl with wife
ond doughtar.

Joshuo W. Chombcrlin
Fishcrics Biologirt
NOAA Fisheries / Notionol Morine Fisheries Service
Norlhwesl Fisheries Science Center, Fish Ecology

Seollle WA
joshuo.chomberlin@nooo.gor

Joshuo Chomberlin works os o Fisheries Biologisl ol the Norlhwesl Fisheries

Science Cenler in Seottle, Woshington. loshuq hqs o Bqchelor of Arts in

Morine Studies from Prescott College. He is currenfly working on proiects

regording iuvenile solmon ecology in the esluory ond neorshore hobitots ol
Pugel Sound.

Amee E. Christy
Reseorch Biologist
Pocific Shellfish lnslitute

Olympio WA
oimee@pocshell.org
Aimee Christy is o reseorch biologist for Pocilic Sh6llfish lnstitute in Olympio,
Woshington. Her inleresls include hormful olgol blooms, phytoplonkton

loxonom, community outreoch, ond porliculorly stormwqler mqnogemenl

ond the impock of lond use chongc on wolcr quolity in shellfish growing
oreos. She received o B.S. in Zoology from the University of Woshington

ond o M.S. in Environmsnlol Studi€s ot Th6 Evergreen Stot6 Colloga.

Cothryn L. Clorkc
Fisheries ond Oceons Conodo
Nonoimo British Columbio

clorkeco@poc.dfompo, gc.co
Cothryn Clorke hos o Moster'r degree from Jomes Cook University in

Austrolio. Ms. €lorke hos been working for Fisheries & Oceons Conodo
for the post lhree yeors ond hos been qclively involved with o voriety o[
invosiv€ speci6s proiccts including risk ossessment, reseorch ond monil,oring.

Currently she is underloking on investigotion of invqsive biolouling species

in subtidol woters of BC in prepomtion for o PhD ot the University of Bri sh

Columbio. '

Corol Cloen
Noturol Resource Scisntict
Woshington Slote Deportment o[ Noiurol Resourcas

Aquotic Resources Progrom
Olympio WA
corol.cloen@wodnr.gov
Corol Cloen is the Leod Scientist lor Woshington DNR's Hobitot
Conservotion Plon lor sloleowned oquolic londs. She is o lreshwoter

biologist, wilh reseorch ond proclicol experience in trophic interoctions;

UV-B's offuct on omphibions; ond riporion reslorolion. Corol recaived her

BS ond MS from the Stote University of New York College ot Brockport,

conducting originol reseorch on the eflecl ol UV-B on the hokhing success ol
ttre Americon tood lBufo omericonus).

Stewqrt Cohen
Environment Conodo
Adoptotion & lmpocts Reseorch Division
Voncouver Brilish Columbio
scohen@ires.ubc.co

Dr. Steworl J. Cohen is o senior reseorcher with the Adoptotion ond lmpocls

Reseorch Division (AlRDl, Environmenl Conodo, ond on Adiunct Prolessor

with the lnslitute for Resources, Environment ond Sustoinobility, Univemity

of British Columbio. Over o 25.ycor pcriod, Dr. Cohen hos outhored more

thon 70 publicotions on climote chonge impocts ond odoptotion. He hos

been o raviewar ond lecturgr for vorious reseorch ond troining progroms in

Europe, Chino ond the United Stotes, qnd o conlribulor to the IPCC.

Croig W Collor
Senior Monoger - Energy Rcsourcc Development
Snohomish County PUD

Everett WA
cwcollor@snopud.com
Senior Monoger-Energy Resource Development, Snohomish County PUD

No. l, Everelt, WA. (2006-Present). Operotions Monoger, Kimberly-

Clork Corporotion, Fullerton, CA & Ever6tt, WA. (199G2006). Nucleor
Submorine Officer, U.S. Novy, Son Diego, CA (1985-]990). 20+ yeors

o[ technicol progrom/proiect monogemcnl expsrisncc in o voriety of
roles. MBA - Colorodo Stote University B.S. - Mechonicol Engineering
- Montono Stote Univenity. Registered Prolasrionol Enginaer.

frocy K Collier
Division Dircctor
NOAA Fisheries / Nolionol Morine Fisheries Service

Northwesl Fisheries Science Center, Environmentol Conservolion

Division

Seottle WA
Trocy.k.collier@nooo.gw
Trocy Collier is the director of the Environmentol Conservotion Division o[
NOAA fisheries' Northwest Fisheries Science Center. He hos over 30 yeors

ol experience on Puget Sounds toxics issucs, ond more lhon lO0 scientific
publicotions in the field oloquotic loxicology.

Ed Connor
Aquotic Ecologist
Seottle City Lighr

Environmentol Af foirs Division
Seottle WA
ed.connor@seottle. gov
Ed Connor received o B.S. in Biology, M.S. in Noturql Resource Science,
ond Doclorote in Ecology from the University of Colifornio. H€ is the City

of Seotlle's Wotershed Coordinotor for the Skogit River, ond directs the City
light's ESA Recovery Progrom in the Skogit bosin. This progrom includes

lond ocquisilion, hobilot res,orotion, ond roseorch proiects for Chinook
solmon, bull trout, ond steelheod throughout the Skogil wotershed.
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Michoel S. Coopcrmon
Postdoctorol fcllow
University o[ British Columbio

Centre for Applied Conservolion Reseorch

Voncouver British Columbio
michoel.coopermon@ubc.co
Presently working os o posl-doclorote lellow under supcrvision ol Scott
Hinch ot UBC. leorned my Ph-D. in 2004 from Oregon Stote University

where I studisd the eorly life ecology of the endongered suckers of Upper
Klomoth [oke, ond my MS in 1998 lrom Univeristy o[ Monlono where I

itudiEd th€ ecology of river-floodploin syttems-

Bruce Couccns
Senior Biologisl
Georgio Bosin Ecologicol Assessment & Restorotion Society
Nonoimo British Columbio
pmorlins@islond.net
Bruce Cousens obtoined o B-Sc. in zoology ond morine biology ond o
M.Sc. in ftsheries biology ond porositology, followed by ncody 30 yaors

experience in reseorch, environmentol consulting ond hobitql ossesgmenl in

BC. More recenlly, he hos been heovily involved in hobiiot r.storotion ond
conservotion of species ol risk, porticulorly birds, wo*ing in lhe non-profit

sector. HB is o mcmber o[ the Asroc. o[ Prolessionol Biologish ol BC ond th6

BC College of Applied Biology.

Eric A. Crccclius
loborotory Fcllow
Bottelle Pociftc Northwest Notionol Loborotory
Morine Sciences Loborotory
Sequim WA
eric.crecelius@pnl.gw
Eric Crecclius hos been sluding lhe sourcet honsport ond fote of chemicols

in coostol wqters lor orer thirty yeors. He hos colloboroted with o]her
morine scienlisls on studics of historicol contominotion o[ Pugel Sound by
exqminolion ol sedimenl cores.

Joncllc M. Curtis
NSERC Postdodorol Fcllow
University ol British Columbio
Cenke for Applied Conservolion Reseorch

Voncouver British Columbio
jonelle.curtis@ubc.co

Jonelle Curtis holds on NSERC Postdoclorol tellowship in the centre lor
Applied Conlervolion Reseqrch.

John A. Dorling
Postdoctorol Fcllow
U.S. Environmentol Prolection Agency
Ecologicol Exposure Reseorch Division

Cincinnoti OH
dorling.iohn@epo.gov
John Dorling is q Posdoctorol Fellow in the Moleculor Ecology Rereorch

Bronch o[ the US Environmentol Protection Agency. He is inlerested

in dweloping ond utilizing genetic lools for study o[ the inlroduction,

esloblishment, ond populotion dynomics of invosive species in coostol

mqrine ecosystcms.

Pete Dovidron
Bird Studies Conodo
Environmenl Conodo (Conodion Wildlife Servicel

D6lto Brifish Columbio
pdovidson@bsccoc.org
Pete Dovidson obtoined bofi his Bochelorc ond Mqslers in Ecology from

the Univcrsi! of Eost Anglio's lU-K-| Centre {or Ecology, Evolulion ond

Conrcrvolion. He spenl nine yeors working in wildlife conservotion in

lndochino ltool Combodio ond Vietnom), belorc moving to Dehrc, British

Columbio, in lote 2005. He now oversees Bird Stvdie: Cqnodq's bird
monitoring progroms in lhe prwince, including the Coostol Wolcrbird ond

Beoched Bird Surveys.

Curtis DeGosperi
teod Hydrologic WGI Modcling Group
King County Deporlmenl of Nolurol Resources ond Porks

Seottle WA
curtis.degosperi@melrokc.gov
Curtis DeGosperi hos been on engineer with King County Deportment ol
Noturol Resources ond Pqrks f,or the post 5 yeors developing integroted

woter quolity models o[ county lokcs, rivers ond sheqms. Mr. DeGosperi
previously worked os q consullonl on o voriety of wobr quolity modeling

studies. Mr. DeGosperi received o Bochelor's degree in Biology-Geology
lrom lhe University ol Rochester ond o Mosler's degree in Environmantol
Engineering ond Science lrom the University of Woshington.

Romono C. de Groo{
MSc Condidqtc, Morinc Biologisl
University o{ Brilish Columbio
Zoology
Richmond Brilish Columbio
EmeroldSeoReseorch@hotmoil-com

Ms. de Groof hqs completcd o BSc lHonsl ond on MSc in morine
biology. Her tlresis work ond lield experience includes hydrothermol vents

zooplonton, seogross communities, humpbock wholes, ond loroge lish

hobilots.

Allon Devol
Professor
UniYersity o[ Woshington
School of Oceonogrophy
Seottle WA
devol@u.woshington.edu
Allon Devol is currenlly o rescorch professor ot the University of Wo3hington,

School of Oceonogrophy. He is o Principol lnvestigotor in the Hood Conol
study ond hos been involvcd in tha ORCA proiecl since fie beginning.
His scien fic interesh include the study of low oxygen environmenls,
oceonogrophy ol the Arclic Oceon, ond sedimentory biogeochemistry.

Richord K Dewcy
VENUS Science Diroctor
University of Victorio
VENUS
Victorio British Columbio
rdewey@uvic.co
Richord Dewey i: lhe VENUS Proiect Science Direclor. Richqrd hos o 8.5c. in

Physics from UVic ond o Ph.D. in Oceonogrophy from UBC. His interesls ore

cooslol processes, with o focus on tides, currenis, woves, ond turbulencs.

Richord S. Dinicolo
Ground-Woter Spcciolisi
U-S. Geologicol Survey
Woshington Woter Science Center
Tocomo WA
dinicolo@usgs.gov
Mr- Dinicolo is the leoder for the Urbonizqtion Tqsk of the USGS Coostql
Hobitots in Pugei Sound Proicct. His work in the Puget Sound bosin hos

focused on urbonizotion effects on rqinloll-runo[[ processes ond conlominont

fote ond tronsport in cooslol ground woter.

Poul A. Dinncl
Morine Scientist
Western Woshington Univarsity

Shonnon Point Morine Center
Anocortes WA
podinnel@ool.com
Poul Dinnel is o speciolisl in lhe oreos ol morine ecology ond toxicology.
Poul's experience includes l8 yeors ol the Uni,rersity oi Woshington os o
Reseorch Scientist ond 8 yeors os o Morine Scienlist ot Westem Woshington

University's Shonnon Poinl Mqrine Center in Anocortes. Poul hos qulhored

over '100 scientific technicol reports ond publicotions ond wriflen EPA

ond ASTM prolocols lor two typcs o{ seo urchin bioossoys, os well os co
outhored o trqwl protocol for Pugel Sound.
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Jc{#ey S. Dismukcs
Morinc Stewond
Son Juon County
Morine Resources Commiltee
Bellinghom WA

idismukes@sprynet.com
Jelfrey Dismukes received o Moslers o[ Science in Environmentol Economics

lrom Florido lnlernoiionol University with thesis concenlrolion in "Susloinoble

Resource Extroclion os Revenue Source lor Third World Nolionql Porks".

Mr. Dismukes consulted on severol pork ond preserve monogemnt proiects
until toking o full fime position os reseorch qisistont qt the USGS Center
for Coostol qnd Wqtershed Studies in Florido where he worked on studies

of coostol processes ond mongrove ecosystems. He is currently working
towords his PhD in Environm6ntol Sciences while qlso serving os o Morine
Reseorch Sleword lor the Sqn Juon County Morine Resources Commiltee.

Jomie Donotuto
Swinomish lndion Tribol Communiry
Office of Plonning ond Community Developmant
Lo Conner WA

idonotuto@swinomish.nsn.us
Ms. Donotuto hos been working for the Swinomish Tribe since 2000.
She writes, enoch ond monoges severol environmentql heolthSosed
investigqiions, including the Biooccumulofive Toxics ln Notive Ameri€on
Shelllish Proiect. She lounched fie Swinomish Environmentol Educotion
Progrom, ond worls extensively wi$ community educolion ond outreoch
proiecls. She is o Ph.D. condidote ot the University o[ B]itish Columbio,

where her reseorch locuses on redesigning humon heolth risk ossessments to
employ socioculturol foctors.

Cinde R. Donoghuo
Senior Plonner
Thurston County
Olympio WA
cinderu@comcosl.nal
Cinde R Donoghue is o senior plonner in Thurston County's long ronge
plonning progrom. She previously wo*ed ot WA Dept. of Ecology where

she developed guidonce lor updoting SMPs under lhe recently odopted
slote shoreline guidelines. She hos worked lor over l2 yeors os o coostol
environmenlol consultqnl ond received her Ph.D. in Environmenlol Scicnce,

Moster o[ Urbon ond Environmenlol Plonning ond Moster o[ Environmentol
Science qt Universily o[ Vrrginio

Tonis L. Douglos
Bowker Creek lniliolive Coordinotor
Copitol Regionol Diskict

Scientific Progroms

Victorio British Columbio
tdouglos@crd.bc.co
Tonis Douglos is o reslorolion ecologisl who hos supervised wotershed

ond terreslriol reslorotion proiecE funded by ihe BC provinciol governmenl.

She hos olso completed vorious strotegic-levcl ccologicol resiorolion ond

monqgemenl proiocts with her own compony, Fernhill Consuhing. Currently,
Tonis is qlso lhe new porl-lime Bowker Creek lnitiotive Coordinotor. working
for lhe Copitol Regionol Districl ond with the lhree municipolities ond vorious

other groups in lhe Bowker Creek wotershed.

Pete R. Dowty
Woshington Stote Deporlment o[ Noturol Rasources

Olympio WA
peter.dowty@wodnr.gov
Pete Dowty is currently focusing on eelgross monitoring ond ecology with

lhe Woshington Slols D6portmenl o[ Noturol Resources, His previous

experience includes positions with the Pugct Sound Action Teom ond the

Skokomish Deportment ol Noturol Resources. His posdoctorolwork
focused on modeling of lerrestriol primory produclion, fuel looding ond
biomoss burning emissions. His educqtion includes lhe remote sensing of
fires (M.S.l ond biophysicol modeling in soulhern Alricon sovonnos (PhD),

both ot lhe University ol Vkginio.

Jim Dumont
McElhonney Consulting Services lld.
Surrey British Columbio

ldumont@mcelhonney.com
Mr Dumont hos 30 yeors of experience in $e field o[ Woter Resources,

including oll phoses o[ plonning, design ond construction. Jim hos been
o leoding proponent ol conlinuous simulolion bosed designs in western

Conodo for the post 20 yeors Jim hos been invited io speok ot severol
conferences ond provide foining seminors for the Associo]ion of Prolessionol
Engineers ond Geosci6ntists of BC.

Cynthio D. Duronce
Precision ldentificotion
Voncouver British Columbio
precid@show.co
Ms. Durqnce sludied eelgross ecology ond reslorolion methods ot the

University ol Brilish Columbio from l98l to 1989. Since tholfime she

hos remoined on oclive member of lhe seogross reseorch community,
studying ond teoching eelgross ecology, developing successful eelgross
tronsplont melhodologies, ond porticipoting in inlsrnotionol conferences ond
workshops. She is o lounding ond executive member of the World Seogross
Associotion, scienfilic odvisor to the Seogros Conservolion Working Group,

ond is the Conodion Editor ond Member oi Lorge for the Pocific Estuorina
Reseorch Socicty.

Morgoret E. Dulch
Senior Ber*hic Ecologisr
Woshington Stote Deportment of Ecology
Environmentol Assessment Progrom
Olympio WA
mdut46l @ecy.wo.gov
Morgorel Dutch is o senior benthic ecologist for lhe Woshington Stote

Deporlment of Ecology'r Cooslol ond Estuorine Assessment Unit, working
os o member of the unit's Morine Sedimenl Monitoring Teom {MSMT} sincc
1992 conduding lhe Sediment Component of the Puget Sound Assessment

ond Monitoring Progrom (PSAMP). Ms Dutch received her Moster of
Science degree ol the University of Howoii, ond wo*ed previously on
mqrine sedimenl monitoring progroms in New Englond, Howqii ond Son

Froncisco-

Thereso Duynrtee
Proiecf Coordinotor
Greoler Vqncouver Regionol District
Policy ond Plonning
Burnoby British Columbio
thereso.duynstee@gvrd. bc.co

lon J. Dyck
Oceonogrophic Enginccr
Worley Porsons Komex
Morine Deportmenl
Victorio Brilish Columbio
ion.dyck@worleyporsons.com
Mr. Dpk is on oceonogrophic engineer with over 7 yeors of professionol

experience in the field. He is responsible for lhe monogement of o
voriety o[ proiecls including current studies, ROV deploymenl, construclion
supervision, scienlific diving, ond environmentol sompling. Mr. Dyck olso
brings extensive experiance in lhe design o[ oceonogrophic chorocterizotion
progroml dilution modeling, morine geophysics ond outfoll design. During
lhe course ol his coreer he hos hod wide-ronging interoction wrlh locol,
prwinciol, ond lederol regulotors with respac-t to morine ond freshwoter
dischorges,
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Ann Eissingcr
Wildlih Biologist
Nohkeeto Northwest
BowWA
nohkeeto@fidolgo.net
Professionol Wildlife Biologisl Ann Eissinger owns Nohkeeto Northwest
Wildlile Services in Bow, Woshington. Over twenty yeors, Ann hos worked
os reseorcher, consultont, plonning odvisor, educotor ond conservotionisl.

She is currently reseorching Greot Blue Heron hobitot relotionships, colony
dynomics ond populolion chonges. Ms Eissinger is olso o member o[
the tronsboundory Heron Working Group, Coordinolor [or $e Europeon

Graen Crqb Volunteer Moniloring Progrom ond Director of the Wildlife
Conservqtion Trusl's Chuckqnul Biodiversity Proiccl.

Christophcr Ellings
Fish Biologist
Nisquolly NWR & Ducks Unlimited
Olympio WA
c h risto p her-elli ng s@Iws. g ov
Chrislopher Ellings hos o B.S. in Fisheries from Humboldt Stote University

in Arcoto, Colifornio ond o Moster's in Environmentol Sludies from The

Evergreen Stote College in Olympio, Woshinglon. Chris is in his thind yeor
reseorching the fish ecology of the Nisquolly Rivar, Estuory, ond Neorshore.

He is employed through o cooperolive ogreement belween Ducks Unlimited

ond the Nisquolly Notionol Wildlile Refuge.

Jocl K. Elliott
Associole Profcssor
University of Puget Sound

Biology
Tocomo WA

ikelliott@ups.edu
Joel Elliot is on Associole Professor in the Biology deportment ot the

University of Puget Sound. He hqs been using underwoler videogrophy,
GPS ond GIS tachnologies lo study the diskibulion ond obundonce ol
orgonisms in o voriety of hobitots. Cunent studies ore on foclors influencing

thc distribulion ond obundonce of eelgross beds qnd bocteriol mols in Pugel

Sound. Other proiecls include the eflects of high hydrogen sullide levels

on benthic biodiversity ond the effects of introduced species on morine

communities.

John E. Elliott
Rescorch Scienlisl
Environment Conodo
Science & Technology Bronch

Delto Brirish Columbio

iohn.elliott@ec.gc.co
John Elliott is o Reseorch Scientist with the Science & Technology Bronch ol
Environment Conodo ond is locoled ot the Pocific Wildlife Reseorch Cenlre

in Delto, BC. His reseorch locuses on inv€sligoting the exposure ond eflects

of environmqnlol conlominonts on wildlife, porticulody predotory species of
birds ond mommols. He hos published over 150 popers ond r€ports. He is

olso on odjunct profussor ot both University ol British Columbio ond Simon

troser University, where he regulorly lectures ond supervises groduole
studonts.

Tim Esrington
University ol Woshington
School of Aquotic ond Fishery Sciences

Seottle WA
essin g@u.woshingtron.edu

Tim Essinglon is on Assistonl professor ot the University o[ Woshington

Joseph R. Evenson
Woshington Stote Deportmenl of Fish ond Wildlife

Olympio WA
evensire@d[w.wo.gov
Joseph Evenson is o biologist with Woshington Deportment of Fish & Wildlife
lor the Mqrine Bird ond Mommol Component of PSAMB He received his

8.5- from the Evergreen Stole College in 1990. He worked os o reseorch

biologist wilh Coscodiq Reseorch 1989-95, with on emphosis on morine

mommols. Since 1994 he hos sarved in his current position wi$ WDFW
where he hos been involved wilh, ond/or coondinoted, monitoring studios on
morine birds ond mommols.

Bloke E. Fcist
NOAA Fisheries / Notionol Morine Fisheries Service
Northwest Fisheries Science Center

Seonle WA
bloke.feist@nooo.gw
Bloke Feist hos been on ecologist ot the Northwest Fishcries Science Cenler
(NOAA.NMFS) since 1999. His reseorch focuses on two generol oreos: the
relotionship between tiih populotionr ond their terreshiol/estuorine hobitot;
ond ihe interoction between nortindigenous sp6ci6s ond esluorine food
webs ond ecosystems. He opplies the principles o[ londscope ecology for
mo$ of his reseorch, but he is olso interestad in the eflects of climote, spotie
temporol scoling, ond onthropogenic inlluences on ecoiyslems-

Korhy Fletcher
Executive Dircdor
People For Puget Sound

Seottle WA
kllelcher@pugetsound.org
Kothy Fletcher is lounder ond executive director of People For Puget

Sound, o regionol citizens' orgonizqtion since 1991, ond represented the

environmentol community on the Governor's Pugel Sound Portnership. She

choired the originol Puget Sound Woter Quoliry Authodty lrom 1985-1990.
She hor lought environmcntol policy ond non-profit monogemenl courses ol
the University o[ Woshington ond is o notive of lhe Puget Sound region.

Melindo Fohn
Environmcntol Heolth Speciolist
Kitsop Counly Heollh Dishict
Woter Ouolity Progrom

Bremerton WA
fohnm@heolth.co.kitsop.wo.us
Melindo hos o B-S- in Bocteriology ond Public Heolth. A[tet 7 yeon ol
environmenbl monitoring for the City o[ Bremerton, she ioinod the Kitsop

County Heolth Districr in 2001. She hos petormed irwestigotions o[ fecol

pollution sources ond corrections of identi[i6d sources in shorelines, including

Chico Boy, Kitsop loke ond Hood Conol,'ond hos most recently been
opplying these investigolion techniqucs lo lhe commerciol oreo of Silverdole,

Woshington.

Keith Folkerts
Noturol Rcsources Coordinotor
Kitsop County
Community Developmenl
Port Orchord WA
kfo lkerts@co. kilso p .wo. u s

Keith Folkerts hos worked for Kitsop Couniy {or the posl l3 yeors in o voriely
of rolcs relotad to wotershed plonning, hobitol protection, woier resourcos

monogement ond solmon recorery. Kcith eorned o B.S. hom the US Novql
Acodemy in 1988.

Stcf J. Frcnzl
Morinc Rqrcurccs Stcword
Snohomish County
Public Works Surfoce Woter Monogement
Everell WA
stef.f renzl@co.snohomish.wo.us
Ste[ trenzl serves os the lcod Stoll to the Snohomish County Morine
Resources Commiltee. He hos wer 9 yeors experience in hobitot moniloring,

proiect monogement, lond prolection, porlnorship building pnd volunteer

coordinolion. He's worked lo for non'profit orgonizotions, federol ogencies,

universilies ond locol goyernmenls. St€l holds o B.S. in biology ond zoology
ot Colorodo Stote University, serves 05 o WSU Beoch Wolcher, ond loves to
look for critlers on the beoch.
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Kurt l. Fresh

NOAA Fisheries / Notionol Morine Fisheries Service
Norlhwest Fisheries Science Cenler
Seottle WA
kurl.fresh@nooo.gov
Kurt L. Fresh works os o Fisheries Reseorch Biologist for NOAA Fisheries',

Norlhwesl Fisheries Science Cenler in Seottle, Woshington. Most of Kurt s

coreer hos focused on sludying the life history ond ecology of iuvenile
solmon in lhe riverine, loke, ond estuorine hobitols of Woshington. At
NMFS, Kurl is working on sludying how iuvenile solmon use estuorine qnd

neorshore hobitoh in Puget Sound (e.g-, whot hobitots ore used ond when

fish ore present)in order to help develop protection ond reslorolion strqtegies

supporling solmon recovery eflorls in Pugel Sound. Kurt received o MosErs
of Science from the Univerity of Woshinglon ond undergroduote degree
from the University of the Pocific.

Anthony O. Gobricl
Profcssor ond Dircclor
Centrol Woshington Universily
Cenler for Spotiol lnformotion
Ellensburg WA
gobrielo@cwu.edu
Anthony Gobriel is o professor in the Geogrophy ond Lond Studies

Deportment ol Cenlrol Woshinglon University ond is olso CoDireclor ol
the Resource Monogemenl Groduote Progrom ond Direclor o[ the Center

for Spoliol lnformolion. He hos hqd over 14 yeors o[ teoching experience

ot progrqms in Wisconsin, Woshington ond Conodo. His reseorch locuses

on ecologicol choroclerizotion ond reslorolion of oquotic ond shoreline

syslems. He is continuing lo develop, ond tesl techniques lhot opply results

of biophysicol choroctrrizotions lo shoreline, wellond ond wotershed
monogem€nl.

Jeffrey Goeckle
Scogross Ecologist
Woshington Stot6 Deporlmont o[ Noturol Resources

Olympio WA
je[f .goeckle@wodnr. gov

Jefl dise*olion focused on eelgross (Zoslero morinol ecology ond
restorotion. Je[f hos worked on numerous eelgross reslomlion ond
monitoring proiects throughout the norlheostern US ond hos troveled the

world monitoring seogross diskibution ond stotus for SeogrossNel o globol
seogross monitoring proiect. Jeff loined the Woshington Stote Deporlment

of Noturol Resources in 2006 os o seogross ecologist for the Submerged

Vegetotion Monitoring Proiect.

Michoel J. Gollogher
PBT Coordinotor
Woshington Stote Deportmenl of Ecology

Olympio WA
MGAL461@ecy.wo.gov

Chris Gorrclt
Universiry o[ Victorio
Physics ond Astronomy
Victorio British Columbio

cgorret@uvic.co
[onsdowne Prolessor o[ Oceon Physics, UVic. Former member of the BC/
WA Morine Science Ponel.

Heidi Gortner
CGOP Student
University o[ Victorio
Dept. of Fisheries ond Oceons Conodo
Pocific Biologicol Stolion
Nonoimo BC

gortnerh@poc.dlompo.gc-co

Joseph K. Goydos
Wildlih Veterinorion ond Rcgionol Dircctor
SeoDoc Society
UC Dovis Wildlife Heolth Cantar
Eostsound WA

ikgoydos@ucdovis.edu
Joe Goydos is o wildlile velerinorion ond Regionol Director of lhe SeoDoc
Society: o morine ecosyslem heolth progrom (www.seodocsociety.org). He

is interested in wildlile diseoses qnd mqrine conservqlion ond lives on Orcqs
lslond with his wile ond two girls whera they lika to ride bikes, comp, koyok,

wolk on the beoch ond wotch wildlile.

Douglos A. George
Oceonogropher
U.S. Geologicol Survey

Coostol ond Morine Geology
Sonto Cruz CA
dgeorge@usgs.gov
Douglos George received his BS in oceonogrophy from Humboldt Stote

Univercity in 1999, his MS in iournolism from Columbio University in 2001
ond his MS in oceonogrophy lrom Dolhousie University in 2003. Before

ioining the USGS io 2004, he worked for the Oceon Studies Boord of the
NotionolAcodemy o[ Science ossisting in policy onolysis of restoring ond
protecling cooslql louisionq ond the Mississippi Delto. His reseorch interests

include coostol processes, sediment tronsporl ond esfuory reslorotion.

Leoh George.Wilson
Chief
Tsleil-Woututh Notion
North Voncouver BC

Chief Leoh GeorgeWilson is o member ol the TsleilWouluth Nolion, locoted

in North Voncouver, BC, Conodo. Chiel George.Wilson wos lhe lirst femole

to be elected Chief by the Tsleil-Woututh Firsl Notion (2001-20O31, ond
is currently serving her second term (200t20071. Chiel George-Wilson
hos held vorious positions prior to her election. Most notoble include:

the Direclor o[ the Tsleil.Woututh Notion Treoty. [onds ond Resourcss

Deportment, o key member of the Tsleil-Woututh tirst Notion'! negotioting
teom in *e BC Treoty Process, SelfGovernment Ceordinolor ond community

odvocole. Chief George-Wilson frequently speoks on issues relqted to First

Notions governonce lo vorious school groups, ronging from elementory
to post secondory. She possesses o degree in onthropology from Simon

Froser [Jniversity ond is the recipient of the Ouhtonding Groduote Aword
by teodership Voncouver. She is o boord member lor the legol Services

Society, the Chief Don George Centre, Froser Bosin Council, Georgio Bosin

Council, os well os Ecotrusl Conodo. ln 2004, she wos elected lo serve
qs Co-Choir ol the First Notions Summil, which is the orgonizotion thqt
represents Firsl Notions in the BC Treoty Process. Chief George-Wilson hos

been hoppily morried for l3 yeors, ond hos o beoutiful doughter.

Richord A. Gcrsib
Wotershed Progrom Monoger
Woshington Stote Deportment o[ Tronsportotion
Olympio WA
gersibd@wsdot.wo.gov
Richord Gersib is o Pro{essionolWe ond Scientist ond C6rti{i6d Wildlifa
Biologist thot mokes his home in Olympio, Woshington. He currenlly
monoges tfie Wolershed Monogemanl Progrom ot the Woshington Stote

Deporlmenl of Tronsportolion ond leods on interdisciplinory lechnicol
teom thol is developing ond relining wotershedtosed tools for mitigoting
honsportotion impqcls.t22



Kirsten Gilordi
Executive Dircctor
SeoDoc Society
UC Dovis Wildlife Heolth Center
Dovis CA
kvgilordi@ucdovis.edu
Kirsten Gilordi, DVM, is Executive Director of the SeoDoc Society ond
Director of Morine Progroms ol the UC Dovis Wildlile Heohh Cenler, Dovis,

cA.

Undo A. Gilkcson
Heod, Store of Environmcnt Reporting Unit
British Columbio Ministry of Environment

Viclorio British Columbio
lindo.gil keson@gov.bc.co
Dr. lindo Gilkeson hos been heod ol lhe Stole of Environment Reporting Unit

with the BC proricinol environment minislry since 2002.

Fronk A. Goboc
Professor
Simon Froser Universily

Resource & Environmentol monogemenl

Burnoby British Columbio
gobos@sfu.co
Dr. Fronk Gobos is on environmentql toxicologist ond chemist interested in

the food.web trons]sr of chemicol contominonls.

Frcd A. Gocrz
Fish Biologist
U.S. Army Corps o{ Engineers

Seoflle Diskict
Seottle WA
f red.goet@usoce.ormy.mil
Fred hos studied bull trout for most o{ his prolessionol coreer. He works Ior
the Corps o[ Enginears on hobilol restorotion prolecls including the Puget

Sound Neqrshore Ecosystem Rostorolion Proiect. He is olso o doctorol
siudent ot the Univers'rty of Woshinglon where ha is sludying morine

migrolions o[ cutthrool, sbelhsod, resident Chinook solmon, ond bull trout.

Todd Golumbio
Ecologist
Porks Conodo
Gulf lslonds Notionol Pork Reserve

Sidney British Columbio
todd.golumbio@pc. gc.co
MSc Forest Ecology IUBC), BSc Biology (U of S|

Todd hos wo*ed ol severol Nolionol Porks ocross weslem Conodo os on

acologisl ond o pork worden since 1982. The ronge of work os o pork

ecologist is multi-foccled, ronging ocross disciplines of both noturol ond
sociol sciences ond ocross o ronge o[ frashwoter, morine ond lerreslriol

ecosystems. Todd is currently working os the ecologist for Gulf lslonds

Notionsl Pork Reserve. He hos been involved in this veniure since pork

estoblishmant in 2003. This move lo Conqdq's Mediterronson follows

lO yeors in onother porodisc, working on the Hoidq Gwoii Archipelogo

lQueen Chorlotte lslondsl os the ecologist lor Gwoii Hoonos Notionol Pork

Reserve qnd Hoido Heritoge Sife.

Thomos P. Good
Reseorch Fishery Biologist
NOAA Fisheries / Notionol Morine Fisheries Service
Northwest Fisheries Science Center, Conservotion Biology Division

Seottle WA
tom.good@nooo.gov
Tom Good is o Resoorch Fishery Biologist for NOAA Fisheries in Seotlle,

WA, where he is i member of the Risk Assessmenl Teom lor *e recovery
o[ $reotend qnd endongered Pocific solmon- He conducts reseorch on

ovion predotion on iuvenile solmonids, Pocilic solmon recovery science, ond

seqbirdjishery interoctions, including ths impoct o{ derelict lishing geor on

morine [ouno.

Brion A. Gronthom
Pugct Sound Scicnce ond Policy Rcprcscntolive
Woshington Slote Deportmsnt of Ecology

Environmentol Assessment Progrom

Olympio WA
bgroy'6l @ecy.wo.gov
Briqn Gronthom is o morine ecologist with $e Woshington Slote Deportment

o{ Ecology. He hos o B.Sc. in Ecology from tlre University o[ Monibbo ond
o Ph.D. in Morin€ Biology from Stonford University. He is o broodly troined

acologisl, wilh l5 yeors experience in morine ecosyslems, including 9 yeors

dweloping ond conduding neorchore oceonogrophic monitoring progroms.

Brion hos worked extensively on lorvol tronsport ond recruitment ond the

dynomics o[ intertidol communilies, os well os zooplonkton distributions,

morine rgserve theory, ond coostol hypoxio-

Corroigh M, Grccne
Rcseorch Biologist
NOAA Fisheries ,/ Notionol Morine Fisheries Service
Northwest Fisheries Science Center
Seottle WA
correigh.greene@nooo.gov
Correigh Greene is o biologist in the Wotersheds Progrom ol lhe Norlhwest
Fisheries Science Cenler. He studies populolion dynomics ond life history
voriqtion o[ sqlmonid populotions. His methods combine modeling efforls,

stqtisticol onolyses of time series populolion doto, ond empiricol studies of
ecology ond behovior ot juvenile life hisbry sloges in solmon.

H. Gory Greenc
Director
Moss [onding Morine [oborotories
Center for Hobitot Studies

Moss londing CA
greene@mlml.colstote.edu
Morine geologist recently retired from leoching ot Moss londing Morine
lobs ond with over 35 yeors of mopping lhe seofloor- Presently working on

morine benlhich hobibl choroclerizotion of the 5on Juon lslqnds ond Alosko.

Chcryl L Grcengrove
Asociotc Profcssor & lntarim Dircctor IAS

University of Woshington, Tocomo

Environmentol Science

Tocomo WA
cgreen@u.woshington-edu
Cheryl Grcengrove is Associote Prolessor of Geoscicnce in lhe

Environmentol Science Progrom ot University of Woshington, Tocomo (UWTI
ond lnterim Director for lnterdisciplinory Arh ond Sciences ol UWT. She is

o physicol oceonogropher presently wo,l.in9 with biologicol, chemicol ond
geologicol oceonogrophers on studying HormlulAlgol Blooms in Pugel

Sound ond estuorinr processes in Borkley ond Cloyoquot Sounds on lhe

wosi coost o[ Voncouver lslond.

Jokc [, Grcgg
Fisherics Biologist
U.S. Geologicol Survey
Morrowstone Morine Field Stotion

Nordlond WA

igregg@usgs.gw
Moslers Degree in Fisheries ond Aquotic Sciences lrom lha University of
Woshington 2003. Eorly live histories o[ morine fish ond lisheries ecology
ore moin interests. Currently culluring pothogen frce morine fish for diseose

ecology studies ot lhe Morrowstone Morine Field Stqtion.

fhomqs H. Grics
Woshington Stole Deportment of Ecology

Olympio WA
rgri461@ecy.wo.goi/
The outhor hos baen involved in dweloping ond implementing both

technicol ond policy elements of Woshington Stote's sediment monog6manl

progroms for over fifteen yeors. He believes thol scdimenl monqgemenl
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decisions would be locilitoted by o) increosing public oworeness ol the

imporionce ol sadimcnt quoliry bI u!ing inno\roliye technicol opprooches
qnd lools lo evqluole sediment quoliiy, b) developing new ond clorilying
exisling sedim6nt policies, ond c) leveroging unlopped resources.

Eric E. Grossmon
Geologist
U.S. Geologicol Survey
Coostol ond Morine Geology Progrom

Sonlo Cruz CA
egrossmon@usgs.gov

Dr. Eric Grossmon is o reseorch geologisl with the US Geologicol Survey

Coostol ond Morine Geology Progrom in Sonlo Cruz, Colifornio. His

reseorch focuses on Guoternory coostol ond morine geology, seofloor
mopping, coostol evolution, seo level ond climole chonge, corol reel
geology, ond hobitot chonge in deltoic ond eelgross environments. Eric

received his Ph.D. ond M.S. from the University of Howoii ond his B.A. ftom

the University of Colifomio Berkeley-

Michoel P, Honnom
Student
University of Woshington
Botonic Gordens, CFR

Seottle WA
mhonnom@u.woshington.edu
Michoel Honnom wos bom in Newporl News, VA. He eorned q Bochelors

of Science in Biology hom the University o[ Notre Dome. Michoel hos

worked os on Aquotic [ond Monoger ond Neorshore Resesrch Techniciqn

for the Woshinglon Deportment of Noturol Resources, ond most recenlly os

o proiecl monoger lor o ioint Universily ol Puget Sound, South Puget Sound
Solmon Enhoncement Group SAV mopping proiect. He is currently pursuing

o MS from the Univrcily of Woshington.

Brod Honson
NOAA Fisheries / Notionol Morine Fisheries Service
Northwest Fisheries Science Center
Seottle WA
brod.honson@nooo.gov
Brod Honson is o morine mommol ecologist with lhe NWFSC. He is

currently studying foroging ond hobilot use of southcrn resident killer

wholes os well os ossessing the heqlth of hqrbor ond Doll's porpoises by

determining loxic chemicol levels ond pothwoys, ond pothogens in these

species in the Pocific Norlhwest.

F. J. Hordy
Toxicologist
Woshington Stotc Dsportment of Heolth
Office of Environmentol Heolth Assessments

Olympio WA

ioon.hordy@do h.wo. gov

Joon Hordy is o toxicologist with Woshinglon Deportment of Heolth. She

received o MS ond PhD fom the university of Woshington. Recent proiects

include work on toxic cyonobocterio, oquotic herbicides, ond leod ond

orsenic in school soils. Gory Polcislo is o hcohh ossessor with Woshinglon

Deportment o[ Heolth. He received q MS lrom lhe University o[ Woshinglon

ond BS hom University o[ North Corolino, Chorlotte. Recenl proiech include

evoluoting exposure ot o noturolly-occurring osbestos sile ond developing o
Puget Sound geoduck sompling protocol.

Jodi N. Horncy
Morine Geologist
Coostol ond Oceon Resources lnc.

Sidney British Columbio

iodi@coostolondoceons.com
Jodi Homey is o cooslol ond morine geologist wilh Coostol ond Oceqn
Resources in Sidney, BC. She holds degrees in biology (B.S., University

of Cenkol Florido, 19931, morine science {M.S., Uniyersity of South

Florido, 1996), ond geology (Ph.D., University of Howoii, 2000). Her

muhidisciplinory reseorch irwolves the study of bcnthic hobitots, sediment

dynomics, ond hobitot copobility modeling for coostol species ol interest.

John R. Horpcr
Morine Geologist
Coostol ond Oceon Resources lnc.

Sidney British Columbio

iohn@coostolondoc6ons.com
John Horper is o cooslol geomorphologist with Coostol & Oceon Resources

lnc. ol Sidney, BC. He holds o Ph.D. in Morine Science from LSU ond hos

over 25 yeors of reseorch experience in the Pocific Northwest. Dr. Horper
is on originotor o[ lhe ShoreZone hobitot mopping system thot hos been
opplied to ovsr 25,00O km of coostline (Woshington, BC, Alosko) ond
conlinues lo be oclive in neorshore hobitol reseorch-

Dovid M. Hortlcy
Principol Hydrologist
Northwest Hydroulic Consultonts, lnc.
Seottle WA
dhortley@nhc-seo.com
Dr- Hortley hos over 25 yeors o[ reseorch ond opplied experience

in hydrology, hydroulics, erosion sludies, ond modeling o[ wotershed

p.ocesses. He ioined lhe srff of Northwest Hydroulic Consultonts in 2002
ond wos nomed o principol in 2004. He currenlly conducts ond monoges
proiects lo meel stormwoler o nd nolurol resource monogemeni gools. Prior

lo joining nhc, Dr. Horlley wos the leod hydrologist for the King County,
Woshington, Deportment Of Noturql Resources. Dr. Horlley hos over
20 yeors of expericnce onolyzing ond solving ecologicolond flooding
problems in noturol, monmode, ond hybrid droinoge systems using o voriety
of $olisticol melhods, models, ond GIS tools.

Doug E. Hoy
Scientist Emcritus
Fisheries ond Oceons Conodo
Pocific Biologicol Stotion, Nonqimo
Nonoimo British Columbio
hoy.doug@show.co
Reseorch scienli3t wilh tbheries ond Oceons Conodo, Pociftc Biologicol
Stotion, Nonoimo BC ( 1977-2005) ond Professoq Pukyong Nolionol
University, Puson, Koroo l2OO5-2OO7l. Reseqrch hqs focussed on ocology
ond biology o{ smoll pelogic fishes.

Noncy E. Helm
Woshington Stotc ond Conodo Air Quolity lioison
U-S- Environmentol Prolection Agency
Office of Air, Woste ond Toxics

Seottle WA
helm.noncy@epo.gov

Jennifer Hennesey
Stote of Woshington
Deportment of Ecology
locey WA

ienh46l @ecy.wo.gov

Dovid Henry
Podillo Boy NERR Wolershed Outreoch Coordinotor
Podillo Boy Notionol E$uorine Reseorch Reserve

Mount Vernon WA
henry@podilloboy.gov
Dovid Henry holds o M.Ed.lrom WWU in Environmento/Science Educolion

ond hos been the Podillo Boy NERR Wolershed Outreoch Coordinotor
ond for the post 12 yeors. He hos worked ot the Rookery Boy Notionol
Estuqrine Resorve in Southwsst Florido, os on employee ond os o consultonl
for Snohomish County Surfoce Woter Monogement. Ha hos completed
biologicol resaorch projach for the Notionol Pork Service, lhe Environmenbl

Protection Agency, ond in l9?0 wqs o fisheries observer for the Notionol
Morine Fisheries Service lor o I l9doy study ol sco on lishing cotches ond
proclices o{ Toiwonese driftnet fishermen.

124



Lcif-Motthios J, Herborg
Postdoaorol Fellow
Fisheries ond Oceons Conodo
Nonoimo Brilish Columbio

Herborg [@poc.dfompo.gc.co
I obtoined my degree in Mqrine Biology ot the Univarsity o[ Bongor
(Greof Britoin), ond then reseorched my PhD into the ecology of Chinese

milten crobs ot lhe Universif of Newcostle undcr lhe supervision ol Pro[.

Tony Clore ond Mott Bentley. This wos followed by o postdoc under Prof.

Hugh Moclsooc ond Dovid [odge ot the Greot lokes Reseorch lnstitute in
Windsor, Ontorio. Since October 2006 I om working os o postdoc ot DFO
Nonoimo-

Poul K Hershbcrger
U.S. Geologicol Survey
Morrowslone Morine Field Stotion
Nordlond WA
phershberger@usgs.gov
Dr. Poul Hershberger is the Stotion leoder ond o Reseorch Fishery Biologist

ot the Morrowstone Mqrine Field Stotion where he direch the fish heohh

reseorch octiviligs oimed ol underslonding the ecologicol effects o[ inlectious

ond porosilic diseoses on wild, morine fishes. He is olrc o member o[ the

Affiliote Foculty ot lhe School of Aquotic ond Fishery Sciences, University of
Woshington.

Russcll P. Hcrwig
Rcscorch Associote Professor
University o[ Woshington
School o[ Aquotic ond Fishery Sciences

Seollle WA
herwig@u.woshington.edu
Rus Herwig is o Raseorch Associole Professor in lhe University o[
Woshington (UW) School of Aquolic ond Fishery Sciences. For lhe posl

six yeors, Jeff Cordell qnd he hove led q UW teqm thot is invrstigoling
bollost woter. The UW group is onolyzing somples o[ bollost woter in

ships lhot anter Puget Sound. ln oddition, they ore evoluoting the elficocies

of potentiol bollost woter treolmcnt systems in smoll bench scole to Iull
shipboord tests.

Curtis Hinmon
Asrociqtc Profcssor, Wotcrshcd Ecologisl
Woshington Stote University
Exlension

Tocomo WA
chinmon@wsu,edu

Curtis Hinmon is Associote Professor with Woshinglon Slote University

Extension. He direcls woter resource progroms lor WSU Exlension in

Pierce County to protect woter quolity ond oquotic hobitot in Puget Sound

bosin. Mr. Hinmon is the outhor o{ the "Low lmpoct Development Technicol

Guidonce Monuol for Puget Sound" ond is reseorching, designing ond
monitoring vorious UD slrotegies opplicobla in western Woshinglon. Mr.

Hinmon eorned o B.S. degree in Environmentql Policy Anolysis ond Plonning

lrom Univenity of Cqlifornio Dovis. He holds o Mosters of Science degree
wilh o concanlrolion in streom ecology ond wqtershed monogemenl from

the Yole University,

Stcvc R. Hinlon
Director of Hobilot Reslorolion
Skogit River Syslem Cooperolive
[o Conner Wo
shinton@skogilcoop.org
Since 2000 Steve Hinton hos worked qs The Director of Hobilot Restorotion

for the Skogit River System Cooperotive, o noturol resource monogement

ogency working on beholf ol the Souk-Suiotlle ond Swinomirh lndion

communities, bossd in [oConnor, Woshington. He is responsible for the

restorolion progroms ond proiects conducted by the kibol cooperoiive
including plonning, budgeling, implementing, coordinoling ond supewising

7 employees ond o yeorly operoting budget of more thon $ I .5 million.

Sleve olso hos olso served os Progrom Director lor lhe cooperolive from

2003.2006 during which time he provided oversight b 5 Deportm€ntg
ond 32 employees. Prior lo joining the Cooparolive he wos Senior Hobilot
Biologisl for Snohomish Couniy, Woshington, ond lield coordinotor for
Oregon Trout. Steve hos olso worked os o privote consuhont providing
reseorch, plonning ond coordinolion lo conservolion proiech.

Gregory Hood
Senior Rcslorotion Ecologist
Skogit River System Cooperolive
[o Conner WA
ghood@skogitcoop.org
Dr- Hood studies estuorine ecology ond gaomorphology for the Skogit
River Systcm Cooperolie, o nolurol resources monogemenl cooperoliyo
between lhe Swinomish ond Souk-Suiottle Tribes. He is olso involved in

the development design, ond monitoring o[ estuorine hqbitot restorqtion
proiects.

Julie D. Horowitz
Groduqtc Studenl
University of Woshington
Civil ond Environmenlol Engineering
Seottle WA

idh 27@u.woshington.edu
Julie Horowilz is o groduote student in the Deportment of Civil ond
Environmenlol Engineering ot lhe University o[ Woshington. Her primory
reseorch interests rolote to urbon cooslol ecosyslem impoctt porticulorly
woter quolity in estuorine syslems. She rsceived o B.A. in Aquotic Ecology

lrom Hompshira College in 200'1.

Jon P. Houghton
Senior Morine Biologirt
Pentec Environmentol/Ho* Crowser, lnc.

Edmonds WA

ion@pontacenv.com
Dr. Jon Houghton, is o Senior Morine Biologist ot Pentec Environmenlol wilh
35 yeors of reseorch experience in neqrshore ond esluorine ecosyslems o[
lhe Pocific Coosl. He hos directed ond conducted o lorge number of studies
o{ esluorine vegetotion, fish, ond benthos. ln recenl yeors, he hos dkected
biologicol design of severol lorge (Socre to 3OGocre) proiecls lhot hove
used o voriety o[ opprooches lo enhonce ond restore domoged morine ond
esluorine ecosyslems.

Kim Houghton
Ducl.s Unlimited Conodo
Surrey British Columbio
k-houghlon@ducks.co
Kim Houghton is field biologist lor the BC Coostol oHicc o[ Ducks Unlimited
Conodo where she hos been iryolved with wintering woterlowl reseorch,
weflond conservolion ond invosive species monogemant. Her ocodemic
bockground includes o degree in Environmentol Engineering from BCIT ond
o diplomo in tish ond Wildli{e olso {rom BCIT.

Robert O. Hudson
Rescorch Hydrologist
British Columbio Ministry of Forests ond Ronge
Reseorch

Nonoimo British Columbio
Robe*. Hudson@telus.net

Ph.D. from UBC in Forest Hydrology 1995 in woter quolity modeling. 20
yeors of experience in field.bosed hydrology reseorch ond consulting in

BC. Adiuncl prolessor in Foresl Rercurce Monogemenl, Foculty o{ Forestry

ot UBC. Currently proiect leoder of FSP Iunded reseorch ot Russell Creek,
Northwcst Voncouver lslond studying sediment budgets ond hydrology
model development for roinon-snow environmenls.
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Zochory Hughes
University of Woshington
tridoy Horbor WA
zdhughesQohoo,com
Zochory Hughes is o newly groduotad studanl from the University of
Woshington, Tocomo, Environmenlol Science Progrom. He olso hos his

certificotion in Restorolion Ecology from lhe Restorotion Ecology Network
progrom ot LJniversity o[ Woshrngton,

Doniel A. Hull
Director
Nisquolly Reoch Nolure Center

Olympio WA
nrnc@nisquollyestuory.org
Dqniel Hull hos been environmentol educotor for the lost l5 yeors working
lor severol diffurent ogencies including USFWS, USFS, NPS. He is the

currenl Director of NRNC ond hos been for the lost 3 yeors. He hos

o generol Degree in nolurol science ond minor in communicolion lrom
Hocking College Ohio.

Chief Gibby Jocob
Chief
Squomish Notion
lntergovernmenlol Relotions, Noturol Resources, & Revenue

Norlh Voncouver British Columbio
Chief Gibby Jocob, whose onceskol nome is K6keltn siy6m, corries the

fitle ol hereditory Chiel ond is o member of the Squomish Notion locoted
in Norlh Voncouver, British Columbio, Conodo. Chie{Jocob hos been
sn elecled Councilor, since Decembcr l98l serving seven conseculive
lour-yeor terms. Chief locob is lhe Execulive Qperoling Oflicer ol
lnlergwernmeniol Relotions, Nolurol Resources, ond Revenue [or the

Squomish Notion ond is responsible for overseeing four deportmenls:
Proiect Negotiotion & Development; Business Revenue & Services;

Environmenlol & Noturol Resources; ond Lond Monogement.
Chief Jocob ploys on instrumontol role within the Squomish Notion qs;

. Chief Negotiotor - lhis is q process to produce modern doy treoties

behneen First Nolions ond the Province of Brilish Columbio, the

Squomish Notion treoty negotiotion process wqs initiqted in September
1992.

. Politicol spokesperson - communicoting with ond oddressing the locol
medio, ond informing the 3,700 members of the Squomish Notion.

. Choirperson for the lond & Resource Subcommittee - this is o
subcommittee o[ the Squomish Notion Moin Treoty Commiheo with o
mondote including environmenlql issues, renewoble ond non-renewqble

resources, osserlion of rights ond title wlthln the Squomish Notion
lroditionol territories, ond lond developmenl opportunilies.

. Choirperson of lond lssues & Environmenlol Committeo - with o
mqndote thot includes lhe Copilono Moster Plon, BC Roil properlies,

Squomish Estuory, ond Porteou Cove londs, forestry, ond "Run o[ the

River" microhydro proioct lo nome iusl o lew of their ongoing projects

ond initiotives.
. lnlergovemmenlol relolions - lioising ond relotionship building with oll

levels o[ government including Municipol, Regionol, Provinciol, Fedeml,

ond First Notion's ond Firsl Nolion orgonizotion!.
Olher orgonizotionol involvement includes:
. Founding Director o[ EAGLE (Environmentol Aboriginol Guordionship

through [ow ond Educotionl;
. Boord o[ Direclors for the Voncouver 2010 Olympic ond Porolympic

Winler Gomes [or both the Squomish Notion ond the Lil'wot Notion;
. Cochoir of the British Columbio Aboriginol Fisheries Commission

- Coostol Region for four yeors;
. Former Representolive of Conodo lor thc Pocific Solmon Commission for

o two yeor term; ond
. Conqdion Cqchoir of the Treoty of lndigenous Peoples lnlernolionol

[tlPll with membership from British Columbio, Woshington Stote, Howoii,
ond Ausrolio-

Glen Jomieson
Fisheries ond Oceons Conodo
Nonoimo British Columbio
jomiesong@poc-dlcmpo.gc.co
Rercorch scientisl with DFO lor mony yeors, now [ocusing on invosive

species ond lhe developmenl o[ opprooches to optimolly monqge morine

ocosysl6ms,

Mork R. S. Johonncs
Golder Associotes ltd.
Burnoby British Columbio

miohonnes@golder.com
Dr. Mork Johonnes hos been octively working on climote voriolion ond
chonge for the post l0 yeors ond solmon qnd sqlmonids for 20 yeors.
From 2OO2 to present, Mork hos been the notionol coordinolor on climole
voriotion ond chonge wo*ing wilh Fisheries ond Oceons ond Noturol
Resources Cqnodo qnd is engoged in field reloted vyork on climote. He hos

worked ocross Conodo ond octively porlicipoted in nolionol diologue on
lishEri€s ond oquotic issues. Mork is olso senior biologist ond Environmenlql
Assesment Leoder for Golder Associotes ltd. in Voncouver ond Sciance
Advisor to Pocific tisheries Resourcs Conservolion Council ond visiting

Scienlist qt University of Victorio. He hos over 23 yeors of experience in

oreos of oquolic, lisheries ond woler resources ond community ond First

Notion consultotion.

Jim Johonnessen
Principol Geologisr
Coostol Geologic Sarvices
Bellinghom WA

iim@coostolgeo.com
Jim Johonnessen of Coostol Geologic Services provides consulling sarvices
on cooslol, estuorine ond blull processes qnd shoreline mqnogement in

the Pocific Northwest. Jim is o [iccnscd Engineering Geologist ond hos o

MS degree lrom Western Woshington Univ. He storted Cooslol Geologic
Services in 1993 ofter working for other consulting firms on Puget Sound
ond Alosko coostol proiects. He performs beoch ond neorshore osessmenfs,
ond designs grovel beoch nourishmenl ond beoch reshcrotion proiacts. Jim
hos monitored Puget Sound beoch proieas ond run educotionol progroms in

oll Puget Sound ond Shoits counlies to improve our underslonding of coostol
processes ond inbroclions o[ coostol modilicotions ond neqrshore hqbitqts.

Sophio C. Johonncssen
Rescorch Scientist
Fisheries ond Oceons Conodo
lnstitute of Oceon Sciences

Sidney British Columbio

iohonnessen@poc.d{o-mpo.gc.co
Sophie Johonnessen is o chemicql oceonogropher ol the lnslitute ol Oceon
Sciences in Sidney, B.C.

Robcrl K. Johnston
Scienfist
U.S. Novy
Morine Environmenlol Support Olfice - NW
Spoce ond Novol Worlore Systems Cenler
Bremerlon WA

iohnsion@spowor.novy.mil
Dr. Johnston is o Senior Scientisl with the Novy's Morine Environmentql

Support O[fice, where he speciolizes in providing technicol ossislonce on

morine pollution ond ecologicol sk osessment issues to Novy octivitics.
He is currently detoiled to the Puget Sound Novol Shipyord where he
serves os Technicol Coordinotor for Proiect ENWESI o wotershedbosed,
multk:gency cooperotive proiecl oimed ol developing TMDLs lor priority
constituenls ond ossessing ecologicol risks for Sincloir ond Dyes lnlets in

Puget Sound, WA-
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Trevor G. Jones
Groduote Student
University of Brifish Columbio
Forest Resource Monogement
Voncouver British Columbio

tgionesl 251 @gmoil.com
TrevorJones is o lirst yeor MSc student in ihe Deporlment of Forest

Resources Monogement ol the University of British Columbio.

Anno N. Koglcy
Fishcries Biologist
NOAA Fisheries / Notionol Morine Fisheries Service
Northwesl Fisheries Science Center, Fish Ecology
Seottle WA
onno.kogley@nooo.gov
My reseorch involves loborolory ond lield proiecls involving iuvenile
solmon. Most o[ my time is devoted helping to understond solmon hobitot
use lhrough licld monitoring ond telemetry. Loborotory techniques include

surgicol togging ond necropsy of solmonids. Ohen my responsibilities oftcn
include onimol husbondry tosks such os feeding ond coring lor solmonids,

ond diseose prevention ond identificolion. My field experiance includes

vorious lishing techniques, boot hondling skills, ond fish ond inyertebrote

collecfi on ond idenlificotion.

Lira Koufmon
Noturol Resource Speciolisl 2
Woshington Stole Deporlment o[ Noturol Resources

Sedro Woolley WA
liso.ko ufmo n@dnr.wo.9ov
Liso Koufmon is th€ Restorotion Monoger for DNR's Orco Stroits region- She

is currently monoging severol creosote removol proiects ond wo*ing with
severol portnor orgonizolions.

Mitsuhiro Kowose
Associote Prolessor
University of Woshington

School of Oceonogrophy
Seottle WA
kowoss@ocson.woshi n gton.edu
Physicol oceonogropher with expertise on geophysicol fluid dynomics ond
numericol modeling, ond speciolizing on the dynomics o[ fiord circulotion.

Potricio L Kccn
PhD Condidotc
University of British Columbio
lnstitute Resources Environment Susloinobility
Voncouver British Columbio
plkeenpl@interchonge.ubc.co
Pokicio is compleling her PhD studies ot the University of British Columbio

os colloboroiion bet\Meen the lnstitule Ior Resources, Environm6nt ond

Susioinobility, Heolth Conodo ond the University of Konrcs ql Lowrence.

Potricio completed her mosters degree in 2002 ot the some UBC institute

under the supcrvision o[ Dr. Ken Holl. Prior to pursuing groduote studies,

she wos employed lor over ten yeors with the former BC Reseorch lnc.

Torong Khongoonkor
Monoger, Coostol ond Wotcr Resourcas Modeling
Bottelle Pocific Northwest Notionol Loborotory

Morine Sciences Loborotory

Seottle WA
torong.khon goonkor@pnl.gov
Dr. Khongoonkor is o Reseorch Leoder qnd Monoger of the Woler
Resources Modcling Group ot Bottelle's Morine Sciences Loborotory. He

provides senior leodership lo Bottelle' qctivilies in numericol modcling

studies reloled to woter quolity, hydrodynomics, sediment tronsport, ond lote
ond honsport onolysis, He hos l8 yeors of experience with vorious types of
models copoblc ol circulotion, loxics fote ond honsporl ond woler quolity
kinetics. Dr Khongoonkor is currently monoging the developmant ond
qpplicotion high resolution 3.D finite element hydrodynomics ond tronspori

models for feosibility ossessment ond design of olternotives for resloring

noturol ostuorine [unclions to cooslol morshlonds.

Teri L King
Morinc Woter Gluolity Speciolisl
University of Woshington

Woshington Seo Gront Progrom
Shelton WA
guotemol@u.woshinglon.edu
Teri King is o morine woler quolity speciolist with the Woshington 560 Gronl
Progrom working on shsllfish bed restorolion ond septic syslem educqlion in
Pugel Sound for lhe post 16 yeors.

Jon Kirkby
Londscope Ecologist
Environment Conodo lConodion Wildlife Service)
Delro BC

ion-kirkby@ac.gc.co

Terrie Klinger
Assirtont Profossor
University o[ Woshinglon
School of Morine Afloirs
Seofile WA
tklinger@u.woshington.edu
Terrie Klinger is Assislonl Prolessor of Morine Affoirs oi lhe University of
Woshinglon, choir of the Olympic Coost Notionol Morine Soncluory

Advisory Council, ond o member o[ fie Son Juon County Morine Resources

Commill6e.

Rob Knight
CeLcodcr
Communily Mopping Netwo*.
Surrey British Columbio
rknight@telus.net

Rob Knight works for the British Columbio Ministry of Environment qs on
Ecosystems Biologist in lhe Lower Moinlond Region. Hc hos '18 yeors

experience in lresh woter Jisheries biology followed by orer l0 yeors

working closely with NGOs qnd locol governmenls on slawordship octivities

He is the one of the lounders of lhe not for profit, Community Mopping
Netwo* in 1996/92

Nicholos M. Komick
Mqsicrs Sfudent
Universily o[ Victorio
Deportment of Geogrophy
Victorio Brifish Columbio
nkomick@uvic.co

Nicholos Komick is o Mosters studenl ql the Universiry of Victorio y/ith

o reseorch focus on Oceonogrophic R6mot6 Sensing. He entered the
progrom {ollowing severol yeors of working os o sohwore developer ond
compleling o Bocholers degree in Geogrophy ot the University of Victorio.
Nicholos's current reseorch is born od of the desire tro utilizo computers lo
increose our understonding o[ our enivornment ond onlhropogenic impoch
on it.

John Konovsky
Environmcntol Progrom Monoger
Squoxin lslond Tribe

Noturol Resources Deportmenl
Shehon WA

ikonovsky@squoxin.nsn.us
John Konorsky, BA Eorlhom College ond MS Woshington Stote Univcrsily,

is o biologist ond environmentol progrom monoger lor the Squoxin lslond

Tribe Noturql Resources Dcporiment. He hos worked lor over l3 yeors on

woter quolity ond *reomflow issues in Woshington Stote.
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Kirk [. Krueger
Reseorch Scienlist
Woshington Stole Deportment of Fish ond Wildlife
Hobitot Progrom

Olympio WA
kruegklk@dfw.wo.gov
Kirk Krueger is o reseqrch scienlist with the Woshington Deportment of Fish

ond Wildlife, Hobitot Progrom, Solmon ond Steelheod Hobitot lnvenlory

ond Assessmenl Proiect

Jessico R. locy
Reseorch Oceonogropher
U.S. Geologicol Survey
Cooslol ond Morine Geology
Sonto Cruz CA
jlocy@usgs.gov

Jessie [ocy is o physicol oceonogropher in the Coostol ond Morine
Geology Teom o[ the US Gaologicol Survay. She conduch reseorch in

hydrodynomics ond sedimenl lronsporl in esluories ond coosbl wolers. Her
reseorch interesls include the inlluence of complex bolhymetry on circulolion
ond mixing; the interqction of bedforms, woves qnd currents, ond sediment
honsport; inleroclion boh,ve€n oquolic veg€tolion ond hydrodynomics;

ond understonding the role o[ the physicol environment in defining hobitot
{unction in oquotic systems.

Russcll C. lodlcy
Resource Protcclion Monogcl
Puyollup Tribe of lndions

Fisheries Division

Puyollup WA
rlodley@puyollupfisheries.org
Russ lodley is o lisheries biologist wilh the Puyollup lndion Tribe qnd worl.s

on o voriety of hobitot reloted issues.

Cothy A, toetz
Raseorch Occonogrophcr
NOAA Fisheries / Nolionol Morina Fisheries Sarvice
Northwest Fisheries Science Canter
Seottle WA
cothy.loetz@nooo.gov
Cothy hos worked os q reseorch oceonogropher ot lhe Norhwesi Fisheries

Science Cenler since 2001 . Her current reseorch involves investigoting the

effec'ts of pollutonts on the biology ond ecology of morine ond onodromous

fish. She holds o M.S. in Morine Environmenbl Science (Stote University of
New York ot Stony Brook, 2001) ond o B.S. in Biologicol Oceonogrophy
(University o[ Woshington, 1996].

Monique M. Lonce
Fish ond Wildlife Biologist
Woshington Stote Deportment of Fish ond Wildlife
Wildlife Science

Tocomo WA
loncemml@d[w.wo.9ov
Monique lonce is q Fish ond Wildlile Biologist for Woshington Deportment

of Fish ond Wildlile in the Science division. Her reseorch throughout Puget

Sound ond olong the outer coost of Woshington lor the posl 13 yeors hos

locused on diet ond foroging ecology of seobirds ond morine mommols.

Her inlerests include predotor prey relotionships, food choin dynomics,
morine policy. ond ccosystom h6olth.

Woyne G. Londis
Dircclor
Huxley College o[ the Environmenl
Institute of Environmentol Toxicology
Bellinghom WA
woyne.londis@wwu.edu
Woyne G. tondis is the director of the lnstitute of Environmentol Toxicology
ol Western Woshinglon University's Huxley College of the Environment-

His bockground is in environmentol toxicology, risk ossessment ond the

opplicolion of populotion biology lo decision moking. He hos developed
the relotive risk model for regionol scole ccologicol risk ossessments ond hos

opplied it to sites ocross North Americo, Austrolio ond South Americo.

Shown E. Lorson
Curotor o{ Conservotion Reseorch
Seottle Aquorium
Seottle WA
shown.lorson@seottle. gov
Shqwn lorcon is curolor of Conservolion Reseorch ot $e Seottle Aquorium.

She hos worked there for l2 yeors ond coordinqles ond conducts reseorch
on o voriely ol morine species including s6o otlers, fur seols, oclropus, olcids,

roskfish, Pocific spiny lumpsuckers ond sixgill shorks.

Lorry L leCloir
Biologist
Woshington Stote Deportment of Fish ond Wildlife
tish ond Wildlife
Olympio WA
leclolll@dfw.wo.gov
lorry leCloir is o Biologisl wilh lha Woshinglon Dcportment of Fish ond
Wildlife. His reseqrch inlerests includo opplying gonrtics technology ond
novel stqtisticol techniques to the investigotion of populotion struciure ond
zoogeogrophy of morine onimols, idenliting hobitot prelerences ond

resource porlilioning omong different life history stoges o[ morine fish

ond Pocific solmonids, morine lish ond shellftsh recruitmenl ecology, ond
developing novel opprooches to morking eorly life history sloges o[ morine
ond onodromous fish.

Potrick [. Lilley
Mosters condidote
University of British Columbio
Dept. of Botony & Biodiversity Reseorch Csnke
Voncouver British Columbio
plilley@interchonge.ubc.co
Pokick l-illey is o Mosterr condidole in lhe Deporlment ol Botony ol the
Unive6ity ol Brilish Columbio. He olrc holds on Environmentol Sciances

degree from UBC. He hos worked in conservotion reseorch, hobitot

reslorotion ond environmenlol educotion in the Georgio Bosin lor $e losl
six yeors- Most recently, he coordinoted lield studies ond lond monogement
ql Trinity Western University (tongley, BCI in portnership with A Rocho, on
intemotionol conservotion orgonizolion.

Veronico Lo

MSc Condidote
University of British Columbio
lnst for Resources, Environmenl & Sustoinobility
Voncouver Brilish Columbio
vxl@interchonge.ubc.co
Veronico [o is o M.Sc. cqndidote in the Resource Monogemenl ond
Enyironmenlol Studies progrom ol UBC, supervised by Dr. Colin Levings ond

Dr. Koi Chon. She eqrned o B.Sc. in lnlegrotive Biology ond Environmenhl

Science from the University of Toronto. Her experience includes reseorching

Greot Lokes heollh indicotors qt Environment Conodo, ond coordinoting
slewordship octivities lor the Town ol Richmond Hill.

Miles G. logsdon
Reseorch Assistont Prof€ssor
University of Woshington
School of Oceonogrophy
Seottle WA
mlog@u.woshington.edu
Dr. Miles logsdon is o member o{ the foculty ol the College ol Oceon ond
Fishery Sciences, School of Oceonogrophy ond serves qs the director of
the Spotiol Anolysis [ob- His reseorch ond teoching oclivilies ore Iocus
on spotiol pottern onolysis in ecosyslem sciences ond the opplicotions of
Geogrophic lnlormotion Science (GlS) ond Remote Sensing in ecosystem
models.l2a



Eduordo Loos

Studcnt
University o{ Victorio Dept. Geogrophy
Victorio British Columbio
ediloos@off ice.geog. uvic.co
Eduordo Loos is on Oceonogropher in his 4th yeor Ph.D. progrom in the

Deporlmcnt of Geogrophy ot the University of Victorio.

Dicto R. Lund
Student
Erwironmenl Conodo
Conodion Wildlile Service
Voncouver British Columbio
dieto@interchon ge.ubc.co
Dieto Lund is o fourth yeor consarvolion biology {udenl ot the Univer:ity of
British Columbio. She did her work with Westem Sondpipers during o l2
monlh coop posilion with the Conodion Wildlife Service.

Robic W. Mocdonold
Roseorch Scientist
Fisheries ond Oceons Conodo
Sidney British Columbio
mocdonoldrob@poc.df o-mpo. gc-co
R.W, Mocdonold is o geochcmicol oceonogropher who studies the orgonic
corbon cycle, oceon pothwoys, contominonts ond climote chonge. He hos

worked locolly on conlominont problems in the Stroit o[ Georgio, moinly

using doled sediment cores lo exhoct contqminqnl hisiorier ond sources
(PAH, Dioxins, Hg, other metols]. He hos olso worked extensively in the
Arclic on the orgonic corbon cycle ond the effects of climote chonge on lhc
processes of contominont honlport qnd conlominonl concenlrolion

Andreo J. MocLennon
Coostol Scientist
Cooslol Geologic Services

Bellinghom WA
ondreo@coostol geo.com
Andreo MqcLeonon's understonding ol both cooslol gcomorphology ond
ecology cnobles her to providc voluoble syotheses of neorshore processes.

She speciolizes in neorshore geomorphic ond hobitot ossessmants, opplied
coostol monogemant, rsstorotion/conservotion plonning, geogrophic
informolion systems (GlS) ond (historicl oir photo onolysis. She hos been
on environmentol consultont in the Pugel Sound lor wer 7 yeors, ond with
Coostol Geologic Services in Bellinghom, WA, since 2003.

Christino M. Moginnis
lnstifulc of Enyironmcntol Toxicology
Weslern Woshington University
Environmentol Science

Bellinghom WA
c-moginnis@hotmoil.com
Chrislino Moginnis completed o Moster of Sciencc ol Weslern Woshington

Universiiy in Erwironmentol Science ond o Bochelor of Science ol fie
University of Mossochusells in Nolurol Resource Science. Her recent tfiesis

reseorch included crsoting on inlagroted risk ossessment fromewo* on o
multipleuse drinking tyqter source. Over the posl four ycors, Chrislino hos

worked with citizens ond locol ogencies to improve [oke Whotcom woter
quolity through environmenlol site qssessments, lond ocquisition, ecologicol
reslorolion proiects, ond stormwoler complionce.

Nothon J. Montuo
University ol Woshington
Climole lmpocls Group
Seottla WA
nmonluo@u.woshington.edu
Nqthqn Mqntuo is o Resoorch A$ociote Professor in the School of Aquolic
ond Fish6ry Sciences, qffiliote loculty in Aimospheric Sciences qnd Morine
Affoks, ond the Assislonl Director ol the UW'r Center lor Science in the

Eortfi Systam oi fte Universily of Woshington. Most o[ his currenl rercorch

is locused on regionol impocls of climote on the woter cycle, forests ond

morine ecosyslems in the Pocilic Northwest, gnd how climote inlormolion
is or isn't b€ing used in rssource monogement decisions. He received o B

S from the University o[ Colifornio ot Dovis in 1988, ond o Ph D lrom the

UW's Deportment of Atmospheric Science in 1994. He spenl one yeor os
o postdoctorol Fellow ot Scripps lnstitute of Oceonogrophy working on o
pilot proiect lor the lntomolionol Res6orch lnstitute for Climote Prediclion. ln

April 2000 he received o Presidentiol Eorly Coreer Aword for Scieniists ond
Engineers lor his climote impocls reseorch ond public outreoch oclivitios.

Jomes M. Moroncclli
Woshington Stole Deportment of Ecology

Woter Quoliry Progrom

Olympio WA
JomM46l @ecy.wo.gor
Senior environmcnlol chemist with >25 yeors experience helping industries

comply with environmentol regulolions ond improve business operolions.
Responsible lor monogemenl ond technicol quqlity of hundrods of
environmenlol ossessment, remediotion, ond regulolory complionce proiects;
dwelopment of chemicol, historicol, ond geoinformotionol dotoboses;
ond business process functionolity ossessment ond monogemenl syrtem re-

engineering. Developed strotegies to mqnoge potentiol liobilitbs lrom Stote

ond FederolTMDL rulings. Conducted humon heolth ond ecologicol dsk

olsessmenls. Cooulhored "The Troveler's Guide to Nucleor Weopons-"

Dionc Morson
Reseorch Scicnlist
Fisheries ond Oceons Conodo
lnslitute of Oceon Sciences

Sidney British Columbio
mossond@dfompo.gc.co
Dr Mosson hog worked on dillerent ospech ol the oceonogrophy of the

Southern British Columbio wqters. ln oddition to leoding o long lerm
seosonol sompling progrom, she is involved in the developmenl of numericol
models o[ the oreo.

Anno Mothewson
Monoger
Froser River Estuory Monogement Progrom (FREMP)

Burnoby British Columbio
omothewson@bieopf remp.org
Anno Molhewson is Monoger ond Policy Coordinotor o[ the Froser River

Esluory Monogement Progrom IFREMPI, bosad in Burnoby, B.C. She

hos o Moster's degree in Resource Monogement {rom Simon Froser

University. Prior to joining TREMP in 2002, she worked lor o number ol
yeors in the provinciol lreoty negotiqtion process. FREMP ogency porlner
representotives will olso be port of this presenlotion, representing lond
monogers ond regulotory ogencies for fisheries, wildlih ond erwironmentol
monogement.

Christopher W. Moy
Senior Scicntisl-Engincer
Bottelle Pocilic Northw€st Notionol Loborotory
Morine Sciences Loborolory

Sequim WA
christopher.moy@pn l. gov
Dr. Chrislopher W. Moy, senior reseorch !ci6nlist ond engineer ot
the Bottelle Morine Sciances Loborotory, is o lreshwoter ecologist
ond environmentol engineer. His oreos of interesl include slormwoter
monogement, low impoct developmenl, wolershed onolysis using
geogrophic informolion systems, solmonid hobibt ossessmenl, woter quolity
monitoring, streom baologicol oss€ssmenl, ond wotershed resloroiion
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Tom McAuley
Engineering Adviser
lnternotionol Joint Commission
Conodion Section

Otlowo Ontorio
mcouleyl@ottowo.ijc.org

Aundreo N. McBride
Reseorch Ecologist
Skogit River System Cooperotive
Reseorch

Lo Conner WA
omcbrida@sko gitcoop.org
Aundreo McBride is o geologist with degrees from Southern Methodist
University ond Western Woshington University. She hos worked lor the

Skogil River System Cooperolive since 2000, reseorching neorshore hobitot
issues reloted to Chinook solmon recovery. Previously, she developed
the wqler resources progrom for the Swinomish lndiqn Tribol Community,
conducted reseorch in fluviol ond glociol geomorphology, ond tought

geology ond ecology ot the university level.

Soroh G. McCorthy
Reseorch Fisheries Biologist
NOAA Fisheries / Notionol Morine Fisherias Service
Northwesl Fisheries Science Center
Seoltle WA
So roh. McCorthy@nooo.gov
Soroh McCorthy is o Reseqrch Fisheries Biologist in lhe Ecotoxicology ond
Environmenlol Fish Heolth Progrom, Environmenlol Conservolion Division

ot NOAA's Northwest Fisheries Science Center. She joincd the progrom in

2@5 to serve os the coordinoto. f,or .eseorch ossociqted with the effects
o[ conlominoted slormwoter on fish. She eomed o B.S. in Biology ond
Environmenlol Science from Sonto Cloro University in 2000 ond o M.S. in

Aquotic ond tisheries Science lrom University of Woshinglon in 2004.

Michelle McConnell
Proiea Coordinotor - SMP Updote
Jefferson County
Dept. of Community Development

Po* Townsend WA
mmcconnell@co. jeflerson.wo.us
Wiih bosic hoining in morine scienc€ ond professionol experience in

{isheries reseorch, communi[ educolion, ond nolurol resource stewordship,

Michelle McConnell hos lived west ol the Coscodes since oge 12, olwoys
keeping neor to the woter. She hos enioyed uniqua experiences where
the gool wos lo blur lhe edges between ecology, economy ond humon

culture- Newly immersed in the world ol policy ond plonning, she slrivos to

stoy ffrmly grounded in science while slilching together q quilt of community

vqlues thot will sotisly diverse interests ond odhere to the gools of legislotive
mondoles.

Andrew J. McNoughton
McNoughton Environmentol Consultonts

Nonoimo British Columbio

o.mcnoughton@show.co
Andrew McNoughton groduoted wilh q diplomo in Fisheries qnd

Aquoculture from Molospino University{ollege in Nonoimo, BC. He hos

worked lor other consultonls for severol yeors ond slorted his enterprise in

1998. He hos worked with o number of Voncouver lslond First Notions in
oreos of lish hobitot, shelltish oquoculture dwelopmenl ond woter quolity
proiecls.

Michoel C. Melnychuk
Groduote Studenf
UniYersity of British Columbio
tisheries Centre
Voncouver Brltish Columbio
mikem@zoology.ubc.co
l'm q U.B.C. Ph.D. student with Corl Wolten studying morine morlolity ond
migrolion potterns o[ iuvenile solmonids in soulhern B.C. My work involves

ocoustic logging studies with stolionory ond mobile receivers under the

POST project os well os simulotion modelling to estimole deteclion rotes ond
movemeny'mortolity proc6ss€s.

Scott J. Mickclson
Senior Woter Quolity Proiect Msnoger
King County
Morine ond Sediment Assessment Group
Seottle WA
scotl.mickelson@metrokc. gov
Scott Mickelson is o Senior Woter Quolity Project Monoger wilh the King

County Morine ond Sediment Assessment Group. He monoges woler ond
sediment quolity moniloring proiects for lhe County, olong with conducling
lield studies br sediment cleonup ond olher regulotory purposes- His

bockground is in environmentol chemistry ond morine biology.

Jim Middough
Scicncc, Fish ond Wldlile Division Monogcr
City o[ Por ond
Environmentol Services
Portlond OR
jmiddough@ci.portlond.or.us

Jim Middough monoges the City of Portlond's Science, Fish qnd Wildlife
Division. Jim is responsible for noturol resource invesligolions ond onolyses
ond the Cily's response to Endongered Species Acl listings- Prior to ioining
the City o[ Portlond, Jim wos the Public Arloirs Monoger lor the Northwest
Power ond Conservolion Council. The Council is on interstote compo€1

{ormad by Oregon, Worhington, ldoho qnd Montono to monoge energy,
fish ond wildlife in the Columbio River Bosin.

Stcvcn F. Miholy
Fisheries ond Oceons Conodo
lnstitute of Oceon Sciences

Sidney British Columbio
miholys@poc.dfompo.gc.co
Groduote o[ UBC in Physicol Oceonogrophy. Spent Io$ few yeors working
on coostol oceonogrophy of BC ond os well os the physicoloceonogrophy
of the Endsovour Ridge hydrolhermol vsnting syst€m. As on ovid soilor hos o
skong bond ond recreqlionol interest in lhe Sqlish Seo.

Gory Minton
Civil/Environmentol Engineer

Seottle WA
Mintonrpo@cs.com
Member o[ the Woter ond Solmon Committee of the Coscode Chopter for
tcn yeors. Nolive born ond resident ol Seottle Ior 63 yeors. Active in urbon
streom issues ond concerns. licensed professionol civil/environmenlol
engineer wilh knowledge ond experience in urbon wot€r quolity.
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Donicllc Mitchell
University of Woshington
Seqnle WA
mitcheld@u.woshington.edu
Donielle Mitchell eorned o Bochelor's dagrec in morine biology from

Colifomio Stote University in long Beoch in 2001. AIter groduotion, she

worked os o reseorch qssistont in o neurobiology lob in Son Diego, where

she developed o strong intor€sl in moleculor biology ond geneiics. This

experience inspired her to combine her knowledge o[ morine ecology ond
genelics ond is currenlly pursuing o Moster's degree ot the University of
Woshington under lhe qdvisemenl o[ Lorenz Houser,

Todd A. Mitchell
Woter Resources Monoger
Swinomish lndion Tribol Community
Office o[ Plonning ond Community Developmenl
[o Conner WA
rmitchell@swinomish.nsn.us

Todd Mitchell, o Swinomish Tribol member, is lhe Wqter Resources Monoger
in lhe Swinomish Plonning Office. He groduoted lrom Dortmoulh College
(BA, Geology) ond Woshington Stote University lMS, Geology) speciolizing
in hydrogeology, igneous petrology ond geochemislry. His reseorch includes

lhe Tribe's woler resourc6s including tidelonds, surfocewoter, groundwoler,
wetlonds, ond hobitol restorotion reseorch.

Ed Molosh
Environmcntol Engincer
Woshinglon Stote Deportment of Tronsportolion
Environmentol Services
Olympio WA
moloshe@wsdol.wo.gov
B.S. Geophysics - Universif of Delowore I981, B.S. Civil Engineering -

University of Delowore 1981, M.S. Environmentol Engineering ' Oklohomo
Stote University 1991. l2 yeoo o[ experience in hydrology, woter quolity,

ond strcombonk erosion proiecls ossociotsd with highwoy construclion,
preservotion, ond moinlenonce.

Alyse Mongcon
Trent Univ6rsity
Wotershed Ecosystem Groduote Progrom

Peterborough Ontorio
olysemon geon@trenlu.co
M.Sc. condidole in the Wotershed Ecosystem Groduote Progrom, Trcnt

University

Melisso V. rvlonfigomcry
Derslict Vcssel Rcmovol hogrom Monoger
Woshington Stote Deportmenl of Nolurol Resources

Aquotic Resources Division

Olympio WA
melisso.montgomery@wodnr.gov
Melisso Montgomery wo*s for the Deportment o[ Noturol Resources os

Woshington Stqte's Derelict Vess.l Removol Progrom Monoger, Melisso

previously worked for DNR monoging slqte properties. Melisrc hos o
Bochelor o[ Science degree in biology ond o Bochelor of Arts degree in

eryironmentol studies from Pocific Lutheron University ond o Moster of
Morine Alfoirs degrea lrom the Universily of Woshington's School of Morine
Af[oirs.

Stephonie K. Moorc
University of Woshington
School of Oceonogrophy ond Climote lmpocts Group
Seoltle WA
mooresk@u-woshington.edu
Stephonie Moore is o posldoctorol resaorch ossociote with the University

of Woshington's School of Oceonogrophy ond Climote lmpocts Group.
Currently she is investigoling the role o[ climote voriobility on hormlul olgol
blooms in the Puget Sound estuory ond on the Woshington coost. Brooder
reseorch interests include nuhient cnrichmenl ond limitolion in coqstol

syslems ond physicolbiologicol inleroctions in the plonklon. 5he obtoined o
BS qnd PhD ,rom lhe University ol New South Wqles, Aurtrolio, where she

reseorchcd lrocers ond indicotors o[ onthropogenic nutri6nl enrichment in

subtropicoleost Austrolion estuories. She hos worked with Iocol government

in Austrolio lo develop ond prepore lhe Esluorine Monogemenl Plon lor
Wollis [oke; lhe lorgasl commerciol oyster producing oreo ond lorgest oreo

of seogross hobitot on the New South Woles coost.

Potrick Moron
Biologist
U.S. Geologicol Survey

Woshington Woter Science Center
Tocomo WA
pwmoron@usgs,gov
Pohick Morqn serves os the Biologisl for the USGS Nolionol Wolcr
Ouolity Assessmenl Progrom fior Woshington Stote. As his troining is os

o loxicologist, he odditionolly works on o number of conlominonl reloted
proiects.

Soroh A. Morley
Reieorch Ecologisl
NOAA Fisheries / Notionol Morine Fisheries Service

Northwesl Fisheries Science Center
Seottle WA
soroh.morley@nooo.gov
Soroh Morley is o Reseorch Ecologisl with the Wotershed Progrom

ot NOAA's Noahwesl Fisheries Science Cenler. As o member o[ the

Restorotion Teom, her work focuses on evoluoting the effech ol vorious
roslorolion techniques in freshwoter ond estuorine environmenls. Soroh
received her M.S. from the U.W. School of Aquotic ond Fishery Scicncas

ond her B.S. from U.C- Berkeley.

Modrono B. Murphy
Botonisl ond gcnctic lechnicion
KWIAHT (Centre for the Historicol Ecology of the Solish Seo)

lopez lslond WA
modrono@groffiti.net
Modrono Murphy, o lifelong resident o{ [opez lslond, hos lormol lroining
in botony ond plont-humon interoclions. os wsll os exteniive procticol
experience in the ethobotony ol the Sqn luqn orchipelogo.. She dlvides
her lime between moleculor biology ot the Center for Cell Dynomics ond
stewordship reloted reseorch os q botoni$ ond genetic lechnicion wilh
Kwioht: Center for the Historicol Ecology of the Solis[ Seo.

Mork S. Myers
Rcscorch tishedes Biologist
NOAA Fisheries, Norlhwest Fisheries Science Center
Ecotoxicology Progrom

Seottle WA
mork.s.myers@nooo.gov
Mork Myers is o reseorch lisheries biologist ot NOAA's Northwesl Fisheries

Science Center. His primory focus is on the toxicologicol elfects of
chemicol conlominonts on sqlmon ond morinc fish species. He is the leod
histopothologist for the Center's Ecotoxicology Progrom.

Bruce Noirn
EnYironmonlol Engineer
King County
Deportment of Noturol Resourcas ond Porks

Seofile WA
bruce.noirn@metrokc.gov
Bruce Nqirn is on Environmenlol Enginear with King Counfy's Woslewoter
Treotment Division. H6 is intereslad in underslonding ond modeling

enyironmanlol honsporl processes.
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Kerry Noish
UniYersity of Woshington

School of Aquotic ond Fishery Sciences

Seottle WA
knoish@u.woshington.edu

Troy C. Nelron
Scnior Fisheries Biologist
LGL Limiled Environmanlol Reseorch Associotes
Sidney British Columbio
lnelson@lgl.com
Troy C- Nelson is o Fisheries Biologisl with [G[ Limited environmentol
reseorch ossocioles {Sidney, BC), lhe Execulive Director ol fie Froser River

Slurgeon Conservotion Society (FRSCS; Voncouver, BC). A duol cilizen
o[ Conodo ond the USA, Mr. Nelson hos been involved with o divorsity of
fisheries reseorch initiolives ond oquotic ecosystem ossessmenls in Alosko,

Woshington stoie, British Columbio, ond Auskolio. He currently resides neor

the shores of Morelon Boy, Queenslond, Austrolio.

Mclisso Neumon
Fishcries Biologist
NOAA Fisheries / Notionol Morine tisheries Service
Northwest Fisheries Science Cenler
Long Beoch CA
melisso.neumon@nooo.gov
Fishery Biologist, 2001 -present, NOAATzNMtS/Southwest Region.

Coordinote the recovery ol the firsl endongered morine inv€rl€brots, white

obolone (Holiotis sorenseni), throughout its ronge from Pt. Conception,

Colilornio, USA to Centrol Boio Colifornio, Mexico. Aid in the conservotion,
proteclion ond racorery of olher mqrine inverEbrotes (green obolone.
H. fulgenl blqck qbolon+H. crqcherodii, pink obolone-H. corrugoto)
ond lishes (cowco& Sebostgs levis, bococcio Sebqstes pouci:pinis) on
NMFS's Species of Concern [isl. Moke ESA listing decisions ond develop
subsequent rulemoking involving proteaive regulotions ond crilicol hqbitot

designotions for morine inverlebrotes ond fishes Inotobly green sturg6on-
Acispenser mediroskis) in the southweslem United Stqtes.

Chrys-Ellen M. Neville
Reseorch Biologist
Fisheries ond Oceons Conodo
Nonoimo Brilish Columbio
nevillec@poc.dlampo. gc.co
Chrys Neville is o reseqrch biologist with over l5 yeorc experience with

Fisharies ond Oceons Conodo. She hos published numerous popers

including lhe effects of climote on regionol ecosyslems ond hos presented

this work both regionolly ond internotionolly.

Jon A. Ncwton
Principol Occonogrophcr
University of Woshington
Applied Physics Loborotory
Seotle WA
newton@opl.woshington.edu

Jon Newton is o biologicol oceonogropher ot the Applied Phyrics

[oborotory of the Univecity of Woshington.

Jqnnq Nichols
SeoDoc Society

UC Dovis Wildlife Heolth Center
Eostsound WA

ionno@pnwscubo.com
Jonno Nichols is on ovid SCUBA diver ond lo.res to leoch people obout
the omozing ffsh ond inverbbrotes thot live in lhe Georgio Bosin Puget

Sound. Underwoter photogrophy ond fish ond invertebrote lD ore her

lovorile underwoter octivities. She is o diye inslruclor qnd teoches ffsh qnd

inyertebrote idenlilicotion clossrs for the SeoDoc Society. When she's nol

underwoter, Jonno loves duel sport motorcycling ond geocoching.

Jim Norris
Owner
Morine Resources Consulbnb
Port Townsend WA
jnorris@olympus.net

Jomes Norris hods o BS degree in molhemotics (LJC, Dovis) ond MS
ond PhD degrees in fisheries {Univ ol Alosko, UW). He hos 25 yeors o[
commerciol fishing experience (solmon, soblefish, holibul Dungeness crobl.
He is president of Sound Vessels, lnc, ond owner o[ Morine Resources

Consullonts. His currenl reseorch focuses on underwoter videogrophic
methods lor monitoring neorshore mqrine hobitrts.

Dole Norton
Environmentol Scienlist
WA Depl. of Ecology
Locey WA
dnor46l @ecy.wo.gov
Dole Norton rsceiyed his B.S. Degree in Morine Resources from Huxley

College of Environmentol Studies, Wostern Woshington University in 1980.
Since 1980, he hos worked ot the Woshinglon Slole Deportment o[ Ecology
serving os leod scienlisl on o wide vq,iety o[ environmenbl reseorch qnd

moniloring progroms. During the lo{ 20 yeors his wort hos focused on

loxics coniominotions issues (ffsh tissue, s6dimanh ond woler) in morine

ond freshwoter oquolic syslems. He currently monoges the Toxics Sludies
Unit (TSUI in $e Environm€nlol Assessmenl Progrom, which oversees such

octivities os the Woshington Slote Toxics Moniloring Progrom, TMDLs lor
toxic pollulonts ond PBT moniloring.

Dovid R. Nysewonder
Wildlife Biologist
Woshington Stote Deportment of tish ond Wildlile
Olympio WA
nysewdrn@d[w.wo-gov
Dove hos been with Woshington Deportment of Fish ond Wldlife since

1992 leoding the morine bird ond mommol componenl o[ the Pug€t

Sound Asscssment ond Monitoring Progrom olong with ogency's seo duck
reseqrch. His work 1975-1992 in Alosko with U. S. Fish ond Wildlife
Service included moniioring seobird colonies, ot-seq surveys, reintroduction

of endongered species, oil spill domoge ossessmenh, ond serving os

supervisory wildlile biologist lor the Aloskq Moritime Notionol Wildlife
Reluge 1986-1992.

Peter F. Olesiuk
Reseorch Biologist / Progrom Hcod
Fisheries ond Oceons Conodo
Pinniped Reseorch Progrom
Nonoimo British Columbio
olesi ukp@poc.dfompo.gc.co
Peter Olesiuk is o R6seorch Biologist with Fisheries ond Oceons Cqnqdq
ond is Heod of Seol qnd Seq lion Reseorch Progroms in Pocilic Region. He
works out of the Pocific Biologicol Slolion in Nonoimo, B.C-, ond hos been
sludying seols, seo lions ond other morine mommols for 25 yeors, ond hos o
speciol inlerosl in populotion biology ond loroging ecology.

Jonet l. Olsonboker
Usobility Engineer
University of Woshinglon
Applied Physics [oborotory
Seottle WA

ioneto@opl.woshington.edu
Jonet Olsonboker is o usobility engineer ol the Applied Physics loborotrory
University of Woshington, Seonle. She is CoPrincipol lrwestigotor ol the
Bool6r lnlormolion System (BlS], o web porlolihot helps booies occess
cuftingcdge weolher ond oceonogrophic products for Puget Sound. She

monoges lhe Multimedio Developmant Progrom, which produces vidcos
ond interoclive web opplicotions lor educotion ond science, computer-bose<
lroining progroms, 3D visuolizolions ond onimolions- Her reseqrch inlererls

include Humon Computer lnteroclion ond Cognilive Tosk Anolysis.IA2



Sondro M. O'Ncill
Rescorch Scienlist
Woshington Stole Deporlment of Fish ond Wildlife
tish Progrom

Seottle WA
oneilsmo@dfw.wo.gov
Ms. O'Neill is o reseorch scientist with lhe Woshington Deportment of Fish

ond Wildlife. Wqshington. She received her B.S. in Zoology lrom Memoriol
lJniversily of Newfoundlond ond her M.S. in Zoology from the University

of Brilish Columbio. For the post 15 yeors she hor led the Puget Sound

Assessmenl ond Monitoring Progrom's ossessment of conlominonts in Pugel

Sound fishes. Her rqeorch interests ore the influence of lish life history on
conlominonl occumulotion ond mopping the llow o[ contominont5 through
the oquoiic food web.

Heother Osochoff
M. Sc. condidote (SFU| ond Toxicogenomics Anolyrl
Erwironment Conodo
Environmentol Toxicology
North Voncouver British Columbio
Heother.Osochof klec.gc.co
Heother Osochofl is o Moster o[ Science in Biology student ot Simon

Frqrer University (Burnoby, BC, Conodo) ond olso works for Environment

Conodo ot the Pocific Environmentol Science Cenlre (North Voncouver,

BC, Cqnodq). Her reseorch combines troditionol toxicologicol studiss with
ganomics lools tc invostigole sewoge ef{ecls on gene expression in Pocilic

solmon species.

Tom Oslrom
Environmcntol Biologist
Suquomish Tribe
Fisheries Deportmenl
Suquomish WA
tostrom@suquomish.nsn.us

Robcrt Pocuncki
Fish ond Wldlife Biologirt
Woshington Stot€ Deportment of Fish ond Wildlife
Morine Fish Science
Mill Creek WA
pocunrep@dfw.wo.gov
Bob Pocunski is o Morine Fish Biologist ond Reseorch Divsr wilh WDfW
where he hos been conducfing reseorch on rocklish ond lingcod for the post

15 yeors. Bob received o B.Sc. in Biology lrom Seottle Pociftc University in

t984 ond o M.Sc. in Fisheries from the University of Woshington in 1990.
Utilizing underwoter technology ond GlS, Bob's reseorch hos locus€d on
hobitot ulilizolion by Puget Sound bottomfish ond the mopping of those

hqbitots.

Gory Polcirko
Toxicologist
Woshinglon Stote Deportment Heolth

Olympio WA
gory. polcisko@doh.wo.gov
Gory Polcisko is o heolth osessor with Woshington Deporlmcnl ol Hcolth.
He receivcd o MS from the Univenity of Woshington ond BS from University

of North Corolino, Chorlotte. Recenl proiecs include evoluoting cxposurs

ot o noturollyoccurring osbestos sile ond developing heolth odvice for
consuming Puget Sound Iish.

Woync A. Polsrcn
Rcscorch Scicnlirt
Woshinglon Stote Deportment of Fish ond WiUlifu
Mill Creek WA
polsswop@dfw.wo.gov
Woyne Polsson is o reseorch scientisl with the Woshinglon Deportment of
Fish ond Wildlife. Ha hos worked on morine fishes in Pugel Sound lor naorly
30 yeors ond hos focused on their biology, ecology, ond monogement.

Sondro Porkcr Stattcr
University ol Woshinglon
School of Aquotic ond Fishery Sciences

Seottle WA
slps@u.woshington.edu
Sondro Porker Stetter is o Posldoctorol Reseorch fusociqte ot lhe School of
Aquotic ond Fishery Science5 ot the University of Woshington, working wilh
Dr. John Horne. Her currenl reseorch uses qcoustics to oddress ecologicol
ond monogement quostions lor lish ond lorge invertebroles.

Julio K. Porrish
Associolrc Profcssor
University o[ Woshington
School o{ Aquotic ond Fishory Sciences

Seottle WA

iporrish@u.woshington.edu
Julio K. Porrish is on Associole Professor in the School o[ Aquotic ond tishery
Sciences ond Deportment of Biology ot tfie Universily of Woshington.
Her reseorch ond ocodemic interesh follow lhree mojor routes: behovior
o[ orgonisms lMng in groups like schools of fish ond coloniolly nesting

seobirds|, seobird ecology (moinly Common Murres), ond morine
conservotion. Julio founded the COASST Progrom with l2 originol
volunleers in 1999. The progrom hos since grown lo more thon 400
volunleers on over 150 beoches,

Volerie Portridgc
Eslvorinc Ecologitt
Woshington Stote Deporlment of Ecology
Environmentol Assessment Progrom

Olympio WA
vpor46l @ecy.wo.gov
Volerie Portridge is on cstuorina ecologisl with the Woshington Slote
Deportment ol Ecology. Since 20O3, she hos been Ecology's proiect lcod
for the Woshington Cooslol EMAP proiect. She hos q M.Sc. in biology from
Acodio University ond o M.S. in stotislics from Virginio Tech.

Cloy R. Polmont
Portner
Anchor Environmentol, LLC

Seottle WA
cpotmon@onchorenv.com
Mr Potmonl hos more lhon 27 yeors of experience in oquqtic site

invesligolions, source cvoluotions, ond design of hozordous substonce
remediolion qnd hobitot restorolion proiecls in oquolic environments,
porticulorly lokes, lorge rivers, ond astuorias. He is o recognized notionol
€xpert in severol oreos, including integroted sediment cleonup ond hobitot
restorolion design.

Don'rel Pouly
Feoturad Kcynolc Spcokcr
Dr. Doniel Pouly is o French citizen, born in Moy t946 in Poris, Froncc. Hc
grew up in the Frcnch+peoking pod ol Swilzerlond, but completed high
school ond uoiyercity sludies in the Federol Republic o[ Germony, where he
ocquired o "Diplom" (- MSc) in 1974 ond o Doctorote degree in Fisheries

Biology in 1979 ot the Univrrsity of Kirl.
He joined the lnternotionol Cenler for Living Aquotic Resources

Monogemenl {lCIARM), in Monilo, Philippines, in July 1979.1n October
'1994, he ioined the Fisheries Centre, University of British Columbio lUBCl,
qs q lenured Professor, ond bccomc Direclor ol the UBC Fisheries Centre
November l, 2003.
Dr. Pouly is o tellow ol thc Royol Socicty of Conodo (Acodemy o[ Science],
one of UBC's "Distinguished University Scholors", wos nomed one o[
Scientiffc Americon's "50 Reseorch Leoder" for 2003, qnd hos received
numerous owords, notobly the lnternqtionol COSMOS Prize lrom the
Expo'90 toundolion, Jopon in 2005, ond lhe Volvo Environment Prize from
the Yolvo Foundotion, Stockholm, Sweden in 2006.
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Anthony J. Foulson
Reseorch Hydrologist
U.S. Geologicol Survey
Woshington Woler Science Cenler
Tocomo WA
opoulson@usgs.gov
Anthony Poulson cunently is the Section Chief o{ Environmentol Hydrology
ond Geochemislry. After receiving his Ph. D in Environmentol Science lrom

lhe Univenif of Woshinglon, he conducted reseorch with NOAA{eseorch,
U.S. Bureou of Mines, Drexel University, US EPA qnd NOAA-Fisheries- He
hos collqboroted with physicol occonogrophers to develop models thot
couple physicol ond gcochemicol processes ond hos published over 3O

refereed orlicles ond reports on cycling o[ troce metols ond nuhients ir Puget
Sound.

Pot Pcorron
Wotcr ond Ndurol Rcsour€ca Foculty
Woshington Stote University

Jefferson Counly Extension

Port Hodlock WA
peorsonp@wsu.edu
Peorson develops progroms to educole residenh obout wotersheds ond
noturol systems.

Morlow Psllon
Cooslol Ecologist
Porks Conodo
Westem ond Norlhern Service Cenhe
Voncouver British Columbio
Morlow.pellott@pc.gc.co
Dr. Morlow Pcllott is the Coostol Ecologisl for Porks Conodo's Western
ond Northern Service Cenlre ond on Adjunct Professor in the School oi
Resource ond Environmentol Monogement ot Simon Froser Universily. Dr.

Pellott's reseorch inlercsls ore directed ol coostol ecosyslem processes,

poleoecology ond poleoclimotology.

BrioqT E. Pcnn
Adiunc Professor
University of Victorio

School of Environmentol Studes

Soltspring lslond British Columbio
penngunn@soltspring.com
Dr. Briony Penn is o iournolist, broodcostet octivisl, nolurolisl, ortiit,
consultont ond leclurer. She is the quthor ond collqborotor on o number o[
books on noturol history community mopping ond environmentol educolion
in lhe Solish Seo. She is one of tfie lounders of The Lond Conservoncy

o[ British Columbio ond hos won nolionol owords lor her environmentol

educotion ond writing. Hcr lirst love is stewording her islond, Soltspring. in

the Solish Seo.

Grclchcn Pclcrson
PelersonGlS
Poulsbo WA
gretchen@petersongis.com
Ms. Peterson hos been conducting GIS onolysis ond development in ihe
Pocific Northwesl for over seven yeors. Prior to founding PetersonGlS,

she wos o GIS onolyst for o consulting ffrm where she designed the GIS
solmonid refugio model for Kikop ond Jefferson Counties in Woshinglon
Slole. She holds o BS in Noturol Resources from Cornell University.

Mcgon E, Pchie
Reseorch Ficheries Biology
NOAA Fisheries / Notionol Morine Fisheries Service
Northwest Fisheries Science Center
Monchester WA
megon.e.petrie@nooo.gov
Megon hos been with the Norlhwest fisheries Science Cenbr for obout o
yeor, ond curren{y sludics the behovior o[ steelhaod both in their noturol
hobitoi ond experimentolly in the loborotory. She is porliculorly intercsted in

the hobitot use ond morine migrotion polterns o{ solmonids, ond how those

behoviors ore offecled by environmentolor ecologicol foctors.

Slephen H. Phillips
Pocific Stotes Morine Fisheries Commission
Por ond OR
Stephen-phillips@psmfc.org
Stephen Phillips hos worked for the Pocific Stotes Morine Fisheries

Commission since 1992 ond hos been $e Aquotic Nuisonce Species
Progrom Monoger for the post 7 yeors. He received o B.S- in Biology
from Boldwin Wolloce College in 1979 ond o Moslers Degree in Fisheries

Science from Oregon Slote University in 1987.

Monty Roisinghoni
University of British Columblo
Chemicol Engineering
Surrey British Columbio
monty/@interchonge.ubc.co
Young, Motivoted, ond AMBITIOUS Chemicol Engineering Student ot the

University of Brilish Columbio, 4th Yeor, Process Option

Robert Ronkin
Reseorrh Assistont
Environment Conodo
Voncouver British Columbio
roberl.ronkin@ec.gc.co
Robert Ronkin is o fourth yeor studenl ql Simon Froser University. He hos

both resource monogement ond ecologicol [i6ld oxprri€nce. Robert hos
rescenl'ly been working os o coop student for Environment Conodo, helping
to develop on Ecosystem Stotus ond Trends Assessmenlfor Conodq.

Scott B. Redmon
Progrom Monoger, Toxics Reduction
Puget Sound Action Teom

Olympio WA
sredmon@psot.wo.gov
Scolt Redmon is q Toxics Reducfion Progrom Monoger for fie Stote of
Woshington's Puget Sound Acton Teom (PSATI. He hos worked for PSAT in

vorious copocilies, including oaing direclor ond sciance coordinotor, for l0
yeors. Eorlier in his coreer, Scott worked in other ports o[ the U.S. on Greot
Loles cleon up ond U.S. EPA regulotory progrrms. Scoll hos o Bochelor's in
Chemistry ond o Mosler's in Environmentol Science with o concent qlion in

Environmentol Chemistry.

Soroh Rees
Section Monoger Progrom Devclopment
WA Dept of Ecology

Olympio WA
sore46l @ecy.wo.gov
Soroh Rees monoges the Progrom Development Section for the Air Quolity
Progrom ot the Woshington Stoto Deporlmcnt o[ Ecology. Her seciion is

responsible lor stotewide plonning, rule development, oir toxics, public
ouheoch, ond oir quolity modeling efforts. She is o PhD cqndidote ot
Cornegie Mellon University, where her resaorch locused on monitoring,

chorocterizotion ond tmnsport of fine PM. Prior to groduote school, she
procliced environmentol low in Colilornio.

Bloin R. Recves
Neorshorc Hobitot Scientist
Woshington Stole Deportment of Noturol Resources

Neorshore Hobitot Progrom

Olympio WA
bloin.reeves@wodnr. gov
Bloin Reeves is o noturol resource scienti5t wilh the Neorshore Hobitot
Progrom ot tfie Woshington Stote Deportment o[ Noturol Resources. He
hos worked on neorshore hob ot moniloring, invontory ond exotic species
reseorch proiecls lhroughoul Woshington for more lhon ten yeors.
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Malindo L Rowse
Rcscgrch Fishcry Biologist
NOAA Fisheries / Notionol Morine Fisheries Service
Northwest Fisheries Science Cenler, Conservotion Biology Division
Seottle WA
Mindy. Rowse@nooo.gov
Mindy Rowse is o Reseorch Fishery Biologist in the Conservotion Biology
Division, ot Northwesl Fisheries Science Centcr. She is o member oJ the

Solmon Horvest Teom ond worl.s with the Estuory ond Oceon Ecology

Progrom on iuvenile solmon reseorch, including use of estuqrine ond
neorshore hobitqls in Puget Sound. She hos o BS in Ecology ond Wildlife
Biology from University o[ Wisconsin, Green Boy; ond o MS in Fishsrics
from University of Woshington.

Wendi M. Ruef
Raseorch Scicnlist
University of Woshington
School o{ Oceonogrophy
Seottle WA
wrue[@u.woshington.edu
Wendi Rue[ is currenlly working os on oceonogropher ot the University
ol Woshington. She hos been involved wilh the ORCA proiect since

June, 20OO, ond recciwd o bochelor's ol science degree in chemicol
oceonogrophy from lhe University of Woshington in June, 2000.

Comille Russell

GIS ond Remote Scnsing Anolyst
People For Puget Sound
Hobitot
Seottle WA
crussell@pugetsound.org
Comille Russell is on urbon plonner with experience using geospoliol
lechnologies [or environmentol chorocterizolions ond ossessmenls. Work
in ocodemio hos involved the chorocterizolion of urbon.impervious lond-

cover in the Puget Sound ragion, ond lhe quontilicotion o{ criticql rolmon
hobitot in the Puget Sound neorshore using o combinotion o[ GIS onolysis
tools ond remotely*ensad dotro. Comille's currenl role includes dweloping
gaospotiol methodologies for hobitot restorolion, conducting GIS onolysis,

ond integroting key stokeholders in hobitot restorolion priorities.

Michol Russo

Rcgeorch Assistont
University of Woshington

Urbon Plonning ond Dasign
Seottle WA
mr7(lu.woshinglon.edu
Michol is currently linishing o duol Mosters in Urbon Plonning ond

londscope Architecture form the University of Woshington. Her studics locus

on Urbon Ecology, exploring the unique relolionship between humons ond
the noturol world within moior metropolilon oreos. After she groduotes she

hopes to tie emerging reseorch in Urbon Ecology with physicol design to
olter humon perception ood behqvior in Urbon Ecosystems.

Michocl Sonborn
Environmentol Scienlist
UMA Engineering ttd.
Vlctorio British Columbio
mike.sonborn@umo.oecom.com
Mike Sonbom completed on M.Sc. qt the university of Viclorio beforc ioining
the institute of Oceon Sciences. He currenlly works os qn environmenlql
scionlist UMA Engineering [d. io Victorio, BC.

Bcltino C. Sonder
Senior Aquotic Biologist
Golder Associotes ltd.
Burnoby British Columbio
bsonder@golder,com
Ms. Sonder hos o M-Sc-, in l-imnolgy, is on R.P Bio, ond on Associote in

Golder's Burnoby olfice- She hqs over l5 yeors expericncc in implementing
ond monoging environmenhl ossessmcnl ond lisheries proiects. She hos
been working wilh the Squomish Notion for over 11 yeors on the solmon

enumerotion progrom os wellos other proiects. She is primory outhor
on both the Squomish River Wotershcd Recovery Plon ond lhe Solmon
Assessmanl Fromswork lor the Squomish River Woterrhed.

Volcnlin H. Schoefer
foaity Coordinolor, Restorolircn ol Noturol Sysicm
Universily o[ Victorio
Environmntol Studies
Victorio British Columbio
schoefer@uvic.co
Vol is on educotor ond urbon ecologisl. He is $e Foculty Coordinotor o[
lhe Restorotion ol Noturol Systems Progrom ot the School of Environmentql
Studies ot the Universily of Viclorio, His reseorch focuses on urbon
biodiversity qnd connectiyity. Vol is o recipient ol the BC Minister of the
Environment's Aword for Environmenlol Educotion, ond the BC Society of
Londscope Architects' Aword lor community service.

Anio Schonz
Estuorine Ecologist
Woshington Stole Deportm€nt o[ Noturol Resources

Aquolic Resources Devision

Olympio WA
onjo.schonz@dnr.wo.gw
Anjo Schonz ii currently leoding the Eelgross Stressor-Response Proiect,

which focus on identifying lhe couses of eelgross losses in Puget Sound
wilh the Woshington Stol€ Deportmenl ol Nolurql Resources. As o posr
doctorol rcsaorcher she wo*ed on the development ond inlcrcolibrotion
o[ o Triloterol Seogross Monitoring ond Assessment Progrom (TMAP) in the
Wodden Seo (North Seo), ond wos involved in proiects dcoling wilh the
hobitot destruction ond specias lost olong the Europeon Coosh (EtMEl ot
the Alfred Wegener lnstituE for Polor ond Morine Reseorch. Her previous
reseqrch focused on seogross ecologT hydrodynomics ond ecologicol
functions of seogross systems (PhD). She groduoted os o morine biologist
(Diplomol ot the University of Bremen, Germony.

Cindy M. Schexnider
Environmentol Cornominont Spcciolist
U.S. Fish ond Wildlife Service
Environmentol Conlominonls
tocey WA
ci ndy-schaxnider@fws. gov
Cindy is on Enyironmentol Contominonl Speciolist with the U.S. Fish

ond Wildlils Service in [ocey, WA. She hos opproximotely 14 yeors ol
experience os o biologist with ilre ogency ond hos been wo*ing on the
trumpter swon leod shot ingestion problam since 2000.

Poul Schlcngcr
Fishcrics Biologist
Anchor Environmentol, [[C
Seottle WA
pschlenger@onchorerw.com
Poul Schlcngcr is o fishedes biologist with Anchor Environmentol in Seotlle.
He ottended the University of Virginio lor his underyroduote degree ond
recaived his Moslers degree from the University o[ Woshington's School o[
Fisheries. His reseorch hos focused on fish inhroclions with physicol ond
biologicol cnvironmentol condilions. Poul's neorshore work hos focused on
hobitotbosed evoluotion3 o[ snvironmentol condi ons for solmonids ond
their prey.
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Reg R. Reisenbichler
Fishery Reseorch Biologist
U.S. Geologicol Survey
Western Fisheries Reseorch Cenler
Seottle WA
reg-reisenbichler@usgs.gov
Monoged ond studied lishes in Wyoming ond Colifornio. Conducled
reseorch in experimentol design, populotion genetics, populolion dynomics,

streom ecology, ond life histories of onodromous Poci{ic solmonids from
Colifornio to Alosko. Specilic topics include in169rotion o[ ortificiol ond
noturol produclion, eflects of morinederived nutrients in streoms, use of
ololiths to describe estuory utilizolion by iuvenile solmon, ond hobitot
utilizqtion, diskibulion, obundonce, ond growth of foroge ond other fishes
(including bull trout) in Puget Sound.

Cosimir A. Rice

Reseorch Fisheries Biologist
University of Woshinglon ond NOAA Fisheries

Mukilreo WA
cosimir.rice@nooo.gw
Cosey Rice is o Reseqrch Fisheries Biologist ot NOAA's Mukilteo Focility. ln
sixieon yeors wilh NOAA he hos been involved in severol reseorch proiecls

focusing on the biologicol effects o[ humon qctivilies in coostol morine ond
estuorine environments. Cosey holds B.A. ond B.S. degrees (The Evergreen
Stote College 1989), on M.S. in firheries (Univenity of Woshington 1997),
ond is curren y pursuing o Ph.D-olthe University o[ Woshington underthe
supervision o[ Dr. Jomes Korr.

Itiike G. Richords
Progrom Coordinotor
Georgio Stroit Allionce
Green Booting

Nonoimo Brilish Columbio
mike@GeorgioStroit.org
Mike Richords, hos been booting oll his lile ond hos spent lime with the
Novy ond os o professionol ffshermon. Mike is o member of severol booting
oqgonizotions ond hos cruised exlensively in Auslrolio, Conodo, The Unitad

Slotes ond Mexico. Mike hos quoli{icolions in Environmenlnl Science,

Educotion ond Progrom Developmenl. He is o member ol the Conodion
Morine Advisory Council ond is o post choir of the Georgio Bosin Ecosyslem

lniliolive Green Booting work group.

Jeffrcy E. Richcy
Professor
University of Woshington
Seoltle WA

irichey@u.woshington-edu
Richey's reseorch involves the biogeochemistry ond hydrology of river

bosins, from Hood Conol ond Puget Sound to the lorge tropicol bosins of
the Amozon, Mekong, ond Zombezi. Across this ronge o[ environmonts, o
set of problems remoin conslonts 6 how lo interpolote beMeen sporse fteld

meosurements, ond ullimotely cr6ote proioclions o[ possible luture outcomes.

Hence his cenhol focus is lhe integrolion of field meosuremenls from multiple
sites with cyber inlroslruclure techniqu6s.

Mindy L. Roberts
Environmcntol Engineer
Woshington Stote Deportment of Ecology
Environmentol Assessm6nl Progrom

Olympio WA
mrob46l @ecy.wo.gor
Mindy Roberts received q BS in Civil Engineering from the University o[
Colilornio, Berkeley, ond MS in Civil ond Oceonogrophic Enginrcring from

lhe Mqssqchusetts lnstitute o[ Technology ond Woods Hole Oceonogrophic
lnstitution, ond Ph.D. ot the University of Woshinglon. Greg Pclletier

received o BS in Environmentol Studies from Spring{ield College ond MS in
Civil Engineering from lhe University of Woshington. Both ore professionol

engineers with the Deportment of Ecology, modeling o voriety of freshwoter
ond morine systems.

Cliff L. Robinson
Porks Conodo
Voncouver British Columbio
cliff.robinson@pc.gc.co
Dr. Cliff Robinson is o morine ecosyslem scientist with the Resource

Conservotion unil o[ the Wcslern ond Northern Service Cenke, Porks

Conodo Agency, Voncouver, BC. He provides reseorch supporl to
Notionol Porks ond to the Nolionol Morine Conservolion Areos progrom

on the Pocific ond Arctic coosls of Conodo. Reseorch interests include

underclonding the slructure ond [unctioning of neor shore ecosystems, such

os seogross meodows, ond understonding hobitot use o[ key loroge fish

species, through field study, gcogrophic informotion systems, ond ecosystem

modelling.

Louro Rogcrs.Bcnncll
Associote Biologist
Colifornio Deporlment of Fish ond Gome
Bodego Morine Lob

Bodego Boy CA
ro gersbenneU@ucdoYis.edu

Dr. Roger*Bennetl received her Ph.D. in Ecology lrom the Univercity of
Colilornio, Dovis. She completed two postdoctorol fellowships one ot
UC Sonto Cruz, lnstitute ol Morine Science ond the other ot the UW.
Fridoy Horbor [obs. Dr. RogersBennetl is or ossociota biologist with the

Colilornio Deportment of tish ond Gome working ol $e Bodego Morine
[ob oddrcssing proccssos lhot impoct morine populo]ions ond communilies

opplying these lindings lo resource osses5ment, monogemed qnd

conservoiion.

Robcrr J. Rosenboucr
Geochcmirt
U.S. Geologicol Survey
Menlo Pork CA
brosenbouer@usgs.gov
Senior Geochemist wilh over thi,ty yeors reseorch in orgonic, inorgonic,
ond experimenlol geochemislry of Iundomentol geologic processes ond
more recently in studias thot provide inlormotion to help undentond noturol

ond humorrinduced shesses on lhe environmenl. Reseorch inbrests include:

Submorine hydrolhermol systems, geochronology, the globol corbon
cycle, ond chemicol inbroctions in the coostolzone, including lhe source,

tronspo,t, occumulotion, ond impoct ol conlominqnts on the microbiol
communily slruclurc of cooslol ecosyslems.

Petsr 5. Rocr
Reseorch Scienti$
tisheries ond Oceons Conodo
MEQ Section, lnstilute of Oceon Sciences

Sidney British Columbio
rosspe@poc. df ompo.gc.co
Dr Peter S. Ross is o Reseorch Scientist with Fisheries ond Oceons Conodo,
ond holds Adiunct Profo$orships ol the University of Victorio ond Simon

Froser University. He conducls reseorch on environmenlol conlominonls in

coostol food webs ond on their consequences {or morine mommols ond
other bioto.

Don P. Rothqus
Fish ond Wildlife Biologisl
Woshingion Stote Deportment of Fish ond Wildlife
Centrol Shellfish Unit
Mill Creek WA
rolhodpr@dfw.wo.gov
Don Rothous hos been o biologist lor the Woshington Deportment of Fish

ond Wildlife since 1988. His work focuses primorily on subtidol shellfish

spacies including gcoduck, seo urchins, seo cucumbers ond obolone. He is
olso the WDFW Diving Sofery Officer.
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Orlondo W. Schmidt
Erwironmentol Soil Spcciolist
British Columbio Ministry o[ Agriculture ond Londs

Resource Monogement Brqnch

Abbotsford British Columbio
orlondo.schmidt@gov.bc.co
Mr. Schmidt is Environmenlol Soil Speciolist with the British Columbio

Ministry of Agriculture ond [onds. His work includes ossessment o[
ogriculfurol nutrient monogem6nl proclices on the environment, ond
dwelopmenl o[ plonning tools lo incrsose uptoke of nutrient monogemenl

plonning by lormers in BC. He hos o B.Sc. in Agriculturol Sciences from

UBC ond is o current condidote for on M.Sc. in Environmentol Monogement
hom Royol Roods University.

Lynn Schneidcr
BEACH Progrom Coordinolor
Woshington Stote Deportment of Ecology

Olympio WA
lysc46l @ecy-wo.gov
Ms. Schneider received her B.S. in Environmentol Chemistry from the

Evergreen Stote Coll€ge in Olympio, Woshington in 1988. 5he worked
qs q chemist for Morton lnternotionol for eight yeors prior to ioining the

Woshington Stota Deporlment of Ecology in 2001. l-ynn become the

BEACH Progrom Coordinotor in 2001. Her moin interest is the relotionship

between increqses in indicoior levels ond increosed illness rotes ossocioted

with wqter contocl, Additlonol inleresb include eflicient ond elfective public
nolilicolion ond educolion relolrd to fecol pollution ol our recreotionol

beoches os well os remediotion of polluted beoches.

Morgon M. Schncidler
Sociol Scienlist
Fronk Orth ond Associotes

NWFSC Socioecnomics Progrom

roll City WA
morgon.schneidler@gmoil.com
Mogon M- Schneidler worked with the Mokoh Tribe os port o[ her thesis

reseorch to help woluote ecotourism opporlunilies ond chollenges on the

raservotion. She wos os o reseorch ossociole with the Woshington Seo

Gront Progrom ond ottended the Univ€rsity of Wq5hington's School o[
Morine Alfoin. Morgon is currently employed os o sociol scionlist qnd

works with the Northwest Fisheries Scicnce Cenler's socioeconomic progrom
lo better understond the humon dimension of the mqrine ond coostql

ecosystems in the Northwest Region.

Nothonicl L. Scholz
Ressorch Zoologist
NOAA Fisheries, Northwesl Fisheries Science Center
Ecotoxicology Progrom
Seottle WA
Nothoniel.Schol@nooo.goY
Not Scholz monoges tha Ecotoxicology ond Erwironmcntol Fish Heolth
Progrqm ot NOAA'S Northwest tisheries Science Center. He plons ond
coordinotes NOAA's pollution-reloted rcseorch in the Pocilic Northwslt- He

is porticulorly interested in the impocts of coostol developmenl ond toxic
stormwoler runoff on solmon ond mqrine lish species. He hos o Mosters

in morine biology lBoslon Universily) ond o Ph.D in zoology (University of
Woshington).

{ons Schrcier
:5SOr

,orsity of British Columbio
lnstilute for Resources & Environmenl
Voncouver British Columbio
stor@interchonge.ubc.co
Jenniler MocDonold hos on MSc degree from UBC in Resource

Monogamenl ond worked for 2 yeors yeors qs o reseorch ossociqte ol the

lnslilute for Resourccs ond Environment ot UBC before ioining Enyironmenl

Conodo in Nov.2006. Her reseorch inbrssh ole in woler relources
monogemenl, hydrologicol ond pollution processes ood slormwoter

monogemenl.

Fetor Sthworzhoff
Heod, Air Quolity Science
Environment Conodo
Voncouver BC

peler-schworzhof@ec. gc. co
Peher Schworzhoff monoges the Meteorologicol Service ol Conodo's Air
Quolily Science Unit in Voncouver. This unit includes experts in moniloring,

otmospheric chemistry, doto onolysis, meleorology ond oir quolity modeling

lssues o[ current iniarest include emissions scenorio modeling, source

opportionment, lronsboundory ond tronscontinentql flows of oir pollution.

Peter is Environmenl Conodq's notionol leod on the impoct of pollution on
vrsrbrlrty.

Jomes Selleck lll
People for Puget Sound
Seottle WA
wildseo@eorthlink.net
Jomas is speciolized in morine hobitot ecology, populotion biology,
stoiisticol dcsign, ond invosive species. Mosters o[ Science in morine

ecology from Weslern Woshington University, B.S. in morine biology hom

University of Naw Hompshire. Hos conducted reseorch in brood scole

morine scosyslems, including groundfish, eelgross, nsorshore invertebrotes,

ond estuorine processes. Scubo inshuctor for NAUI. Previously employed

by Woshington Stote Fish ond Wildlile, Deportment o[ Noturol Resources,

ond The Noture Conservoncy.

louro J. Sellcns
Western Woshinglon University
Huxley College of the Environment

Bellinghom WA
sellenl@cc.wwu.edu
Louro is o Moster of Science condidqle ot Huxley College of the

Environment ot Western Woshinglon Univorsity in Bellinghom, Woshington.

[quro receired her B.S. from Huxley College in 20O5, where she studied

irwosive plonls, enyironmenlol loxicology ond ecologicol risk ossessment o[
genaticolly modified orgonisms. Her currenl reseorch ond cqreer interests

include populotion ecology o[ biologicol conlominqnts, goospqtiol qnolysis,

botony, ond integroling sociol ond economic impocls inlo environmentql

ossessmenh.

Toro Shormo
GIS Speciolist
Porks Conodo
Gulf lslonds Notionol Pork Reserve

Sidney British Columbio

bro.shormo@pc.gc.co
Toro Shormo is the GIS Speciolist for the Gulf lslonds Nolionol Pork Reserva

She is inleresled in opplying GIS ond romote sensing lechniques lor pork
plonning ond monogemenli spaciolly [or ecosystem mopping, monitoring,

profection, ond reslorolion. Besides studying londscope chonges, she is

olso working on exploring use ol LiDAR ond hyperpsectrol rcmole sensing

lor lorest conopy choroclerizotion. ln her eorlier coreer she worked os o
Remole Sensing Scientist with the lndion Spoca Reseorch Orgonizotion.

Pqrrick Show
Senior Environmentol Obicctives Scientist
Environment Conodo
Voncouver British Columbio
pot show@ec.gc.co
Pokick Show is o scientisl with Environmenl Conodo in Voncouvsr.
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Morgorct Shicld
Coolition Coordinotor
Toxic-Free legocy Coolition
Seottle WA
mshield@toxicheelegocy.org

Hugh Shipmon
Woshington Stole Deportment of Ecology
Bellevue WA
hshi46l @ecy.wo.9ov
Hugh Shipmon hos been o cooslol geologisl wilh Shorelonds Progrom o{

the Woshington Deportment o[ Ecology since 1989. Mr. Shipmon's work
is locused on the shoreline of Puget Sound. His interosh include shoreline

erosion qnd coostol londforms, londslides ond geologic hozords, beoch

nourishment ond restorolion, ond the environmentol impocts o[ shoreline

modificotion. Hugh received o B.A. in Eorth Sciences ond Engineering from

Dortmouih in l98l ond on M.S. in Geologicol Sciences from the University

of Woshington in 1986.

Ginger Shoemokcr
Groduote Student
Universiiy of Woshington, Seo[le
College of Forest Resources, UW Botonic Gordens
Seottle WA
gmt4@u.woshington.edu

Ginger Shoemoker is o beginning Ph.D. dudent ot the Univarsity of
Woshington studying Zoslero morino ecology. She is on ARCS lellow
ond iust recently moved to Seqttle {rom Colilornio where she completed o
moster's degree ot Humboldt Stote University in morine botony ond worked
on o liveyeor Zoslero morino moniloring proiect with Colifornio Seo Gronl.

Dovid H. Shull
Assistont Profcssor
Western Woshington University

Deportment of Environmentol Sciences

Bellinghom WA
dovid.shull@wwu.edu
Dovid Shull is on osristonl professor in the Deportment o{ Environmeniol

Sciences, Huxley College of the Environm€nt, Western Woshington

University. Dovid received o B.S. in oceonogrophy lrom the University of
Woshinglon, on M.S. in oceonogrophy Fom the University of Conneclicut,

ond o PhD in Environmentol Scisnce from the University o{ Mossochusclts

Boston. Before coming lo Western hc worked os o reseorch ossociote ol
lhe University o[ Moine ond on ossistqnl professor o[ biology ot Gordon
Collage, Wenhom, MA.

Chorles A, Simenrtod
Reseorch Profcssor
University of Woshinglon

School ol Oceon ond tishery Sciences

Seottle WA
simenstd@u.woshington.edu
Chqrles Simenstod is o Reseorch Prolrofessor ol lhe School of Aquolic
ond Fishery Sciences, University of Woshington, wharc he coordinoles
the Wellond Ecosyslem Teom (WETI. WET conduch inlerdisciplinory,

opplied ond bosic reseorch in cctuorine ond coosiol morine shollow-woter

ecosystems, w h amphosis on their struciure ond dynomics, processes thol
support juvenile solmon, reslorolion ecology ond tha distribution ond role of
invosive orgonisms.

Robcrt C. Simmons
County Exlension Direclor
Woshinglon Stote University

Exlension

Shelton WA
simmons@wsu.edu
Bob Simmons is the Direclor ol the WSU Moson County Exlension office, os

well os tlre WSU Extension Stola Wqter Quolity Coordinolor. Over tha posl
l4 yeors he hos devcloped o number of aducqtionql publicotions, videos,

iournol orticles ond hos estoblishcd q number of ouhaoch progroms serving

South Puget Sound. He hos q MS in Woter Resources Monogemenl lrom

the University of Rhode lslond ond o BS in Geomechonicol Engineering lronr

the University of Rochester.

William Simonds
Hydrologist
U.S. Geologicol Survey
Tocomo WA
wsimonds@usgs.gov
Bill Simonds works for lhe U.S. Geologicol Survey out of the Woshington
Wolor Science Cenler in Tocomo, Woshington. He hos been invohred in

o number o[ surfoce wolerXround wol6r inleroclion sludies in weslern
Woshington. His currenl reseorch proiecl involves meosuring submorinc
groundwoler dischorge os il reloles lo nutrient loqding ond the heqlth of
Hood Conol.

Soro Singleton
Associots Professor
Western Woshington University
Politicol Science

Bellinghom WA
soro.singleton@wwu.edu
Soro Singleton is on ossociole professor in lhe Politicol Science Deportment

ol W6siarn Woshington University. Gorrett Bouldin is o grqduote sludenl in

lhe Politicol Science Deportment ot WWU. This reseorch wos lunded by teh

Border Policy lnstitute ot Western Woshinglon University.

Tereso E. Sioslrom
Hood Conol Solmon Enhoncement Group
Belfoir WA
tereso@hcseg.org
Tereso Siostrom groduoted from Western Woshington Univenity in 2OO5

with o Bochelor of Science in Biology. She begon working with the Hood
Conol Solmon Enhoncemanl Group (HCSEGI os on intern, conducting
streom hobitot surveys over lour summers. As o HCSEG sto{f member, her

efforE ore now locused on the Hood Conol Dissolved Oxygen Progrom,
q Steelheod Supplementotion Study, ond o Derelict Fishing Geor Removol

Progrom.

John W. Smoll
Londropc Plonncr
Anchor Environmentol, LLC

Seottle WA

ismoll@onchorenv.com
John Smqll is o londscope Plonner ond londscope Architect with o strong

interest in dweloping science bosed opprooches to hobitol restorolion ond
conservqlion.

Koio Smith
Environmentol Educotor
Swinomish lndion Tribol Community
Office of Plonning ond Communily Devalopment
Lo Conner WA
ksmith@swinomish.nsn-us

Ms. Smift, on Alosko Noliye, is lhe Environmenlol Educolor lor lhe
Swinomish lndiqn Tribol Community, [o Conneq WA. Her work focusss on

locolyouth, working in the Swinomish preschool, the locolschool syslem,

ond in severol locol ofter*chool progroms. She olso provides environmento

sducqtion ond outreoch during communily svents, both ot Swinomish ond iq
lhe surrounding locol communilias.

Donicle J. Spirondclli
University of Woshington

Deportment of Urbon Design ond Plonning

Seottle WA
donieles@u.woshinglon.edu
Donicle Spirondelli is o PhD studenl ot the University of Woshington,

Deportmenl o[ Urbon Design ond Plonning.tBa



Julonn A. Spromberg
Ecotoxicologist
NOAA Fisheries, Northwest Fisheries Science Center

Ecotoxicology Progrom

Seottle WA

iulonn.spromberg@nooo.gov
.lulonn Spromberg is on ecoloxicologist ot NOAA's Norlhwest Fisheries

Science Center. Her primory interesls ore in lhe impocts of chemicol

contominonts on ihreotened solmon ond other husl rasources for NOAA.
She uses mothemolicol models b forecost the populotion-scole impoch
o{ pollution. She holds o doctorote in Toxicology from the University of
Kentucky.

Brion Stohl
Senior Rcsource Plonner
Kilsop Conservotion District

Port Orchord WA
brion-stohl@wo.nocdnet.org
Brion Stqhl hos been o Senior Plonner for the Kilsop Conservotion Dislricl

since 1996. With o BS in Agriculture-Business from lhe Universiry of
Wsconsin,River Folls ond os o previous owner ond operotor o[ o doiry form

in Wisconsin, Brion undersbnds the chollenges of resource proleclion on o

working form.

Stcphen Stonlcy
Woshington Stote Deportment o[ Ecology

SEA Progrom

Bellevue WA
55TA46I@ECY.WA.GOV
Mr. Stonley hos o BS in Aquotic Biology ond o BA in Environmentol Studies

Irom UC Sonto Borboro. For lhe post thirty yeors he hos worked with locol
governmenls to develop wotershed monogement plons lor coostol resources

ond wetlond ossessment melhods. He preranlly worl.s for the Woshington

Deportmenl Ecology where he hos helped develop o wotershsd bosed

methodology fror prolecling ond restoring oquolic resourc6s,

Petcr D, Steinbcrg
University of Woshington
Civil ond Environmentol Engineering
Seottle WA
peterds@u.woshington.edu
Groduote student in Civil ond Environmentol Engineering coordinoling
sheomvroter sompling progrom in Hood Conol wotershed.

Scolt A. Stcltrner
Rcscorch Fisheries Biologist
Squoxin lslond Tribe
Nofu rol Resources Deportment
Shehon wA
ssteltzner@squoxin.nsn.us

Scott Steltzn6r is o reseorch fisheries biologist wilh the Squoxin lslond Tribe

in Komilche Woshington. Studies of interest include eorly morine life history

for Pocific solmoo.

Jefhcy Stern
King County
D€portment of Noturol Resources ond Porks

Seofile WA

ief [.stern@metrokc.gov
Jeffrey Stern is on oceonogropher with over 25 yeors experi€nce in Puget

Sound. He worked for the Puget Sound Woter Quolity Authorily on the

Puget Sound Ambient Monitoring Progrom ond wos contominoled sediments

ond stormwoter progroms leod. Jeff olso dweloped thc PSAMP fish

moniloring progrom, worked on the PSEP urbon boy studies ond is o ponel

member of the Elliott Boy/Duwomish Restorolion Progrom. He is currently

working for King County on sediment cleonups in Duwomish ond Elliott Boy

ond modeling lhe tronsfer ol PCBs in Puget Sound-

Eric Stover
GIS Anolyst
People for Puget Sound

Seottle, WA

estover@pugetsound.org
€ric Stover is o biologist with experience surveying ond monitoring wildlife,
creoling ond monoging dotobqses, ond onolyzing spoliol doto o[ wildlife
hobitot use pottems. His work hqs involved moniloring the spotiol ond
temporol potlerns of lhreotened ond endongered specaes in the western

Moiovc Deserl ond in the Puget Sound region. Eric's currenl efforts

include overseaing internol syslems for dqtq monogemenl ond integrotion,

performing GIS onolysis, preporing mops, ond developing geospotiol
methodologies [or hqbitol restorotion priorities.

Krislino Slrous
Groduote Studlnt - Reseorch Assislonl
University ol Woshington

School of Aquotic ond Fishery Sciences

Seorle WA
kmstrous@u.woshington.edu
Krisli Strous is o groduote student ot the University oI Woshington, inlerssted

in reseorch into lhe recovery of obolone species, ond Kerry Noish is on

Assistont Professor,reseorching the evolutionory genctics, genomics ond
conservolign of oquolic onimols.

Rogcr C. Sutherlond
kasident
Pocific Woter Resourcet lnc.

Beoverton OR
Roger. Sutherlond@Pocif icWR.com
Mr Sutherlond is o sonior woter resources engineer wilh 32 yeors of
professionol experience in wotershed monogement plonning ond modeling.

As q consultont in the 1980s to the EPAs NURP proiect in Bellevue,

Woshington, he studied ths wqler quolity impocts of street sweeping

proctices. He recently completed o comprehensive study of the woter
quolity benelils of cleoning lhe Cross lsroel Highwoy neor Tel Aviv, lsroel.

He is currently working on Seottle's Streot Sweeping Pilol project.

Ruston M. Sweeting
Fisheries Biologi*
Fisheries ond Oceons Conodo
Nonoimo British Columbio

sweetingr@poc.dfem po. gc.co
Dr. Sweoting hos been with DtO for l0 yeors, ond hos been lhe chiel
scienlisl ol seo for this proiect olmost os long. His reseorch interests include

physiogicol ond physicol responses ol sqlmon lo environmentql stimuli qnd

chonge.

Rondol Y. Toiro
Senior Receorch Enginocr
Bottelle Pocific Norlhwest Notionol Loborolory
Seottle WA
Rondol.Toiro@PN LGOV

Renec K fokesue
Rercorch Geochemisl
U.S. Geologicol Survey
Coostol & Morine Geology
Sonto Cruz CA
rtokesue@usgs.gov

Renee Tokesue is o troce melol geochemist with the Coostol & Morine
Geology Teom of the U.S. Geologicol Survey. Her work in the Son Juon
Archipelogo, Skogit Boy, ond Liberty Boy explores relotionships between

naorshore biogeochemicol processes ond ecosystem heolth.
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Michocl L Toylor
Principol ond Monoging Portner
Coscode Economics ILC

Woshougol WA
mikeloylor@pocifier.com
Michoel t. Toylor, Ph.D., is o noturol resource economisl ond principol
of Cqscode Economics [tC. He hos more thon 20 yeors o[ experience
conducting opplied economic studies. His 6xpsrtise includes economic

onolysis, compuler modeling, ond quonlilolive methods opplied lo issues

relobd lo woler resources ond woEr rights, firh ond wildlife voluqiion,
the Endongered Species Act, ond feosibility onolysis. He holds M.S. qnd

Ph.D. degraes in Agriculturol qnd Resource Economics from Oregon Stote

University.

Rondy Toylor
Woshington Stote Deportmenl of Agricullure
Olympio WA
rtoylor@ogr.wo.gov

Williom J. Toylor
Toylor Associotes, lnc.

Seohle WA
btoylor@toylorossoc.net
Bill Toylor is on oquotic ecosyslems scienlist with o\rer twenty yeors

exp6rience in ecologicol moniloring ond restorqtion- His work involves

both {resh ond oquolic environments, ond hos included hobilo, roslorolion

design ond ecologicol ossessmenl of lhe Duwomish River estuory, including
reslorolion sites-

Sue Tcrciro
Educotion ond Outrcoch Coor"dinotor
Hood Conol Coordinoting Council
Poulsbo WA
stexeiro@hccc.wo.gov
As the Educoiion ond Outreoch Coordinotor for the Hood Conol
Coordinoting Council, Sue coordinotes ond porlners with communilies ond
ogencies on noturol rcsources ond environmenlol proleclion ond restorolion

educqiion. Ms. Texeiro hos qlso worked for Woshinglon Seo Gronl os o
Conlinuing Educolion Coordinotor. Sue hos o BS degree in Environmentol

Science ond Community lrom Evergreen Srob Collegs.

Thomos Thcrrioult
Rescorch Scier*isf
Fisheries ond Oceons Conodo
Nonoimo British Columbio
therriouln@poc.dfempo.gc.co
Dr- Therrioult is o rescorch scienlisl with the Conodion Deporlmenl of
Fisheries ond Oceons ot the Pocific Biologicol Stotion in Nqnoimo ond
on odiunct foculty member ot fie University ol Windsor. He is on octive

member of both $e CAISN nanrork ond DFO's AIS progrom wilh raseorch

proiecls under eoch of the moior themes. ln qddition to his AIS prolects, Dr,

Therrioult olso conducts resoorch on foroge species including Pocific hening
ond eulochon.

Ronold M. Thom
Sroff Scicntist
Bottelle Pocific Norlhwest Notionol [oborotory
Morine Sciences [oborotory
Sequim WA
ron.thom@pnl.gov
Dr. Ronold Thom, who leods the Cooslol Assessmenl ond Restorotion

technicol group ot the Bottelle Morina Sciences [oborolory in Sequim,

Woshington, hos over 35 yeors of experiencc os on esluorine ond coostol

ecologist, ond fisheries biologisl. Dr. Thom's reseorch is opplied lo morine

ond estuorine systems ond includes hqbitqt conskuclion ond restorqlion;

odoptive monogement of reslored systems; effects of pollution; benlhic

primory production; climoE chonge; invosive species; ond ecology of
fisheries resources.

Keith B. Tierney
PhD Student
Simon Froser University
Biologicol Sciencas

Burnoby Brilish Columbio
ktierney@sfu.co

I om PhD student in my fourth yeor of study. I hold o BSc in biology (SFUI,

on MSc in fish physiology {completed with A.P Fonell ol SFU}, ond on MBA
(UBCI. This presontotion is o colloborotion betnreen Simon Froser University,

Fisheries ond Oceqns Conodo, ond Environmenl Conqdo.

Srcve W. fodd
Hcbitot Biologist
Point No Point Treoty Council
Kingston WA
stodd@pnptc.org
I hove been employed with lhe Point No Point Treoty Council lor obout 7
yeors, involved moinly in solmonid hobilol ossessmenl ond conservotion, I

hove o Bochelors Degree in Environmentol Science (Wolershed Plonning)

from Western Woshinglon University, ond o Moster of Science Degree in
Fisherias Resources from the University o[ ldoho.

Joson Toft
University of Woshington
School of Aquotic ond Fishery Sciences

Seode WA
tof ty@u.woshington.edu
Joson Toh is o neorshore reseorch ecologist ot lhe University of Woshington
School o[ Aquotic ond Fishery Sciences, whose primory scientific interesls

revolve oround the ecology of oquotic estuorine ond neorshore hobitots,

biologicol monitoring o[ restored wetlonds, iuvenile solmonid obundonce
ond prey resource dynomics, c[{ects of non.indigenous species on nolive
communities, ond toxonomy of oquolic invertebroles.

Tomos Tomoscik
Senior Advisor Morine Conscrvolion
Porks Conodo
Weslern ond Norlhern Service Centre
Voncouver British Columbio

tomos.lomoscik@pc. gc.co
Current posilion wilh Porks Conodo. BSc from University of Toronto,

PhD lrom McGill University. Primory focus on the devclopment ond
cstoblishement of Notionol Morine Consarvotion Areos in BC.

Vers L, Troincr
Rcseorch Occonogrophcr
NOAA Fisheries,/ Notionol Morine Fisheries Servica
Northwesl Fisheries Science Cenler, Environmentol Conservotion

Division

Seottle WA
vero.l.lroiner@nooo. gov
Dr. Verq Troiner is the Progrom Monogcr of the Morine Bioloxin group ot
the Northwesl Fisheries Science Center. Currenl reseorch octivities include

refinement ol onolyicol melhods for both morine loxin ond loxigenic specio!

deteclion, ossessmenl o[ enyironmeniol conditions thot inlluencs toxic bloom

development ond undersbnding shellfish susceptibility lo toxins in th6ir
environmsnl. She is thc coPl on o regionol Ecology ond Oceonogrqphy of
Hormful Algol Blooms (ECOHAB) reseorch proiect ftot will study Pseudo-

nilzschio blooms oft fie WA coosl over lhe nexl5 yeors. Troiner is the leod

investigotor o[ the Olympic Region Hormlul Algol Bloom (ORHAB) project,

o regionol moniloring ellort involving lederol, stote ond locol ogencies,

coostol tribes, ond ocodemic institulions. Dr- Trqiner reccived her B.S- in

Biology hom lndiono University of Pcnnsylvonio, ond both har M.S. in

Biologicol Oceonogrophy, ond Ph.D. in Biochemistty ond Moleculor Biolog

ot the Univ6r3ity of Miomi, with postgroduote sludies in the Phormocology

Deportment ot lhe University o[ Woshington.
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Hcolhcr Trim
Urbon Boys Coordinotor
People For Pugel Sound
Seottle WA
hhim@pugetsound.org
Heother Trim, Urbon Boys Proiect Coordinotor for People For Puget Sound,
hos more lhon l5 yeors of experience in environmenlol work {BS, Geology,
PhD, Geochemistry). ln los Angeles, she worked for the RegionolWoter
Quolity Control Boord on woter quolity stondords, regulotory permits, ond
pollution ossessments of bolh surfoce ond ground woter for Los Angeles

ond Venluro Counlies. She then wos stoff scientist for the Los Angeles ond
Son Gobriel Rivers Wolershed Councilfocusing on vorious proiects leoding
to the greening of lhe rivers, including woter quolily, slormwoler issuBs,

pollution ossessments ond hobitot renewol, She ioined People For Puget

Sound in 2002 ond works on Seottle policy issues ond on loxics Puget

Sound.wide.

Alcx H. Ubcr
Solmon Hobitot Restorotion Spcciolirt
Woshington Stote Deportment of Fish ond Wildlife
Hobitot Progrom

Olympio WA
uberohu@d[w.wo.gov
Alex Uber: Bochelor Degrees in Civil Engineering ond Biology, Portlond

Stote University in Por{ond Oregon. Professionol Engineering (PE} licenses

in OR ond WA. Following o 6 yeor coreer in engineering, hos worked os
o Solmon Hobitot Biologist with WA Dept. of Fish ond Wildlife since 1999.
Currendy monoges fish possoge borrier removol proiects on WDFW owned
londs in Eqstern Worhinglon sloie.

Vince VqnBeclcn
Ducks Unlimited Conodo
Surrey British Columbio
v-vonbeelen@ducks.co
Biologist lor Ducks Unlimited for three yeors involved in the Delto Wole{owl
Compensotion Progrom, Froser Deho Norlh Pugel Sound Spotiol ond
Temporol Hobitot Study, Comox Volley Wotefowl Monogemenl Progrom,
etc-

Elizqbeth Wqddell
Air Resources Speciolist
Notionol Pork Service
Seottle WA
elizobeth-woddell@nps. gov
Elizobeth hos worked lor the Notionol Pork Service for four yeors- Prior

lo thot, she worked lor the Environmenlol Protection Agency, the Nqtionol
Oceonic ond Atmospheric Administmtion, ond the Cqlilomio Air Resources

Boord. Her degree is in olmospheric science from the Universi| of
Colifornio ot Dovis

Varonico M. Wohl
PhD Condidote
Univarsity of British Columbio
Resource Monogement ond Environmentol Studies

Voncower British Columbio
ronwohl@interchonge.ubc.co
I om q PhD Condidote in Resource Monogemeni ond Environmentol Studies

ot UBC. My reseorch focus is on environmcntol stewordship volunteering

in fie tower Moinlond, BC. This wo* builds the MES work I did ot York

Uniyersity, which included o cose study of o communilytrosed environmenlol

orgonizolion. I hove been involved for severol yeors with mony

anvironmentol slewqrdship orgonizotions ond iniliqtives os o res6orcher,

coordinolor, member, qnd odive volunteer.

Micoh M. Woit
Conservotion Ecologist
Wild Fish Conservoncy
Reseorch ond Restorolion

Duvoll WA
micoh@woshingtontrout.org
Micoh Woii is on ecologisl with Woshington Trout. He hos spent the lost

5 yeors working to prese,ve ond restore Woshington's wild lish ond the

ecosyslems lhey depend on lhrough reseorch ond restorotion proiects.

Hu Wollis
Dircclor
Environmenlol Guolity Bronch

BC Ministry o[ Environment

Hu Wollis is the direclor o{ lhe Environmentol Quolity Bronch of the BC

Ministry of Environmeni. His bronch responsibilities include oir quolity ond
climote chonge, both of which ore $e focus of increosing governmenl
priority. Hu hos post€.qduote koining in oir pollution meteorology, ond
monoged lhe prwinciol oir progrom for l5 yeors. The provinciol progrom

relies on slrong portnerships with locol ond federol governments, ond links to
primory ond opplied science to guide decisions.

Tim Wqlls
Scnior Plonner
Snohomish County
Tim Wolls is lhe leod Enlity Coo.dinotor for the Snohomish River Bosin.

As o Senior Plonner ot Snohomish County Public Works Surloce Wqter
Monogement he is qlso the Endongered Species Act Progrom leod for
the Division. Tim's bockground is voried, from engineering to on MBA
in lnternotionol Business ond most recently o Moster's in Ecologicol ond
Noturol Resources Plonning {rom the University of British Columbiq. Tim hos

worked with environmentol groups, Firsl Notions, formers ond o conservotion
districl gnocting on-theground conservolion of our noturol ecosystems

Shoun A. Wotmough
Trent University
Environmentol ond Resource Studies

Peterborough Onlorio
swotmough@lrentu.co
Foculty member Environmeniql Resource Sludies, Trenl University

Gordon f. Wcctmon
University of British Columbio
Voncouver British Columbio
gweetmon@interchonge.ubc.co
Profesrcr emerilus o[ Forest Science witfi 30 yeors of study of forest

fertilzofion ond forest nulrition issues in Conodo.

Jomes E. Wcsl
Rescorch Scicnlist
Woshington Stote D6portment o[ Fish ond Wildlife
Morine Resources Division

Olympio WA

',uestiew@dfw.wo.gov
Jim West received his B.Sc. in Morine Biology lrom Southompton College,
Long lslond, NY in 1980, ond his M.Sc. in Zoology from the University of
Hqwoii in 1985- He hos been with the Washington Deportment ol Fish ond
Wildlife since 1990, ond hos worked in Puget Sound on reseorch projects

deoling with ortificiql reefs, function of neorshore hobitots os nurseries lor

iuvenile rockfishes, drift olgoe hobitots, rockfish growth ond genetics, ond
toxic conlominonls in morine ond onodromous species. He is olso keenly
inlerested in developing o be er understonding of lhe effects ol humon
octivilies on the heqlthy function o[ Pugel Sound's ecosystem.
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Robert G. Why'e
Monoger
Pocilic Tridenl Fishing Co. Ltd.

Reseorch

Duncon British Columbio
guywhyte@telus-net
Hqs been oclive in the obolone industry since 1966, horvesting, processing,

reoring ond morketing. Constructed ond operoted o holchery plus o smoll

turn key operolion for len yeors in lhe Viclorio oreo. Designed, constructed

ond monoged for ffve yeors Bomfield Huu oy ohl community obolone
proiect implementing o slock recovery progrom.

Christionne E. Wilhclmson
Cleon Air ond Woler Progrom Coordinolor
Gaorgio Stroit Allionce
Voncouver British Columbio
christionne@georgiostroit.org
Christionne Wilhelmson hos been lhe Cleon Air ond Woter Progrom

Coordinolor for tha Georgio Stroil Allionce since 2002. She hqs o M.Sc.
(Ecology){rom UBC, ond hos worled on environmentol issues in BC

since 2001. Prior to this, she worked qs o reseqrcher ond lob inslructor ot
the Univ6rsity of British Columbiq. Christionne olso works os o freelonce

science writer for the nongo/ernmentol seclor, olong wilh o voriety o[ other
ogencies.

lon Williomson
Mosters Condidolc
Simon Froser University

School of Resource ond Environmentol Monogement
Burnoby British Columbio
icwillio@sfu.co
lon Williqmson returned to schoolqher neorly 9 yeors in lhe GVRD's woter
quolity loborotory os o sompler, lob technicion, ond bocteriologis/onolyst.
He hos troveled eiensively ond worked in federol, provinciol, ond privote

environmenlol ond quolity control positions. lqn's reseorch inter6st is in

integrotive wolershed plonning ond monogement ond the effects of climole
chonge on woter supply ond quolity.

Christophcr Wilson
Direclor, Rcsourcc Enhoncemenl Progrom
lslond County
Plonning ond Community Developmenl

Coupeville WA
ChrisW@co.islond-wo.us
For posl 9 ycors, Chris served os on Environmcntol Heolth Speciolist lor
lslond County, Woshington. Belore thot, he monilorcd woler quolity for the

Ciry of Poalond (Oregon), ond in ldoho. He olso did hobitot ossessments

in the Cheholis River Bqsin lor US Fish ond Wildlile Service. He groduoled
from Eqstern Woshington Univercity in 1992 with o BS in Biology.

Sondy Wyllie,Echcverrio
Reseorch Scicntist
University of Woshington
Fridoy Horbor loborotories ond UW Botonic Gordens
Fridoy Horbor WA
zmseed@u.woshington.edu
Dr. S. WyllieEcheverio is o Reseorch Scienlist, IJW Botonic Gqrdens ond
Fridoy Horbor Loborotories, Univercity of Woshington. His exportise lies

in the Ii6ld of seogross ecology ond ethnobotony, primorily with lemperote

species in the Northeost Pocific.

fino Wyllie,Echeverrio
WyllieEcheverrio Associotey' Somish lndion Notion
Show lslond WA
linowe@fidolgo.nel
Tino Wyllie,Echeverrio is o fisheri€s oceonogropher who hos worked on the

life history ond hobitot of Pocilic coosl rocklishes, envirormenlol impocts on

iuvenile wolleye pollock ond hobitot preference of juvenile solmonids. She

is currenlly working in Sqn Juon County, Woshington on bosic solmonid life
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