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WELCOME

The First Barkley Sound Knowledge Symposium was conceived and developed with the vision of
assembling and sharing existing knowledge abauklBy Sound ecosystems, human uses, and values
in aliving andopenknowledgebase for the support of sustainability planning initiatives.

The goal of the Symposium is tesemble ecological knowledge of Barkley Sound from scientific,
indigenous, and o#r local realms into formats that may be used to support marine planning
initiatives, and to inform the general publithe Symposium Advisory Committezhose three
Symposiunthemes:

1. Understanding historical changes in the Barkley Sound coastal maoisygstem,
expectations for future changes, and visifamsiesired sociagcological states;

2. Distributions of natural resources, human uses, and related values in space and time;

3. Indicators of the integrity and health of Barkley Sound marine ecosysagthisdcial
ecological systemsih the context of planning goals, objectives, and targets.

Theelevensessiondhighlightedin theTable of Contents and the Symposium Schedule emerged from
an original list of session topichiosen by the Advisory Comnett. Being the inaugural effort to
develop a knowledge symposium of this kindused on a region tiie West Coast of Vancouver
Island(WCVI), thesupporting network and organization had to be discovered and invented in real
time by the Organizing Commdé with guidance from the Advisory Committee. Despite some
minor challenges, the response to this initiative was very positive, as evidenced by the present
Program and Extended Abstracts. Trisductalone represents a valuable contribution to the
growing knowledge base and knowledge netwofiBarkley Sound. This Barkley Sound effort is an
exampleof how knowledge can be collated for broader areas such as the West Coast of Vancouver
Island. However, the broader planning initiatives that are informedithknowledgerequire more
specific and strategic guidance from knowledge commuriiteas mere knowledgeollation.

Fortunately, the Barkley Sound Knowledge Symposium has attracted numerous experts in natural
resources stewardshiimd management fno different cultures and realms of knowledge. The great
challenge is in agreeing on goals, objectives, strategies, actions, as well as in developiicaer
basedsystem of evaluation that allows us to learn how different strategies and actiohthaffec

various values that we are attempting to maximize, be they social, cultural, economic, ecological, or
some combinationSo beyond a representative sampling of background knowledge and perspectives,
this ecological symposium approaches this strateggel by exploring ecological baselines;

ecological indicators and knowledge for planning and decisiaking; community approaches to

goals, objectives, and targessid approaches to gather spatial information and conduct spatial
analyses for optimizingalues.

There are a variety of potential reasons for organizing and holding the First Barkley Sound
Knowledge Symposium, and each participant and contributor has their owrhsgtnowledge
network that emerges or expands through this edfavtild irdeed embrace these diverse motivations
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making ita true network thaisespartnership and collaboratidimd solutions through a discourse
that combines perspectives

There areseveralongoingplanning initiativeson the West Coast of Vancouver Islahdt will benefit
from such efforts and partnershipsd which we will learn about at tisymposiumbut the original
impetus behind the inception of this symposium wagtbeess that is now underway through West
Coast Aquatic (formerly the West Coastri¢auver Island Aquatic Management Board) with goal of
developing a Coastal and Ocean Plan for all the marine and littoral areas along the West Coast of
Vancouver Island including the adjacent Exclusive Economic Zdhés plan will be ecosystem
based, irggrated, and spatially nested such that issues can be addressed at appropriate scales. This
planmay recommenthe development dDcean Zoninglans forparticular WCVI areas such as
Barkley and Clayoquot Sound$he current symposium will help us to @éap all the elements of
theknowledge basthat will support this planning process (Figure 1).
Barkleypedia
Wikis Clayoquopedia
' | wewi pedia
Journal articles _ .' Ecosystermn knowledge
Repords | | | Usage knowledge
Books Published knowledge_ | .

Walues and benefits

Maps F'ern:eptions of ecosystam health

Surveys and Interviews

_ Rankings of stressors

Newspaper articles / | |

-.-—_.--.-“"‘"—-._—--—_ ~
7 ——

., Government | . Goals
_ Industry Partner institutions { |\ Ecosystem objectives
w | Ecosystem indicators
West Coast Aquatic _ | ' Scientists
Government 'I | Sportf'shermen
Universities | Data e | , Commercial fishermen
NGOs T WC\{'I_Knowledge Base wi I Recreation
| ' WCVI Knowledge Netu'.rork,l —
Individuals | l wi First Mations
Abstracts [\ Youth
Articles | \. r _Retirees
Chapters f | Artists
Oral contributions ] | INVEST
Posters l\ Symposium contributions Decision Support Tools MarZonge
Perspectives | Ecopath with Ecosim
Stories | ) Methodology documents
M | [ Proceedings and collatior;s

A . f Integrated Ecosystem Assessment

\ Project documents |-
. Socio-economic-cultural Assessment
|\ Journal articles
WCVI Coastal and Ocean Plan

Figure 1. Example elements of the knowledge base for the West Coast of Vancouver Island, which is
a necesay underpinning for the supporhd development of an integrated and ecosydiased
Coastal and Ocean Plan for the West Coast of Vancouver Island



The First Barkley Sound Knowledge Symposium: Program

Contributed knowledge will be documented in Barkleypedia and in an edited proceedlinge to

be published as part of an Integrated Ecosystem Assessment (IEA). This IEA, which will include
sociceconomic and cultural assessment, will form the basasomprehensiveoastal maringlan

for Barkley Sound and antegratectoastal andceanmanagemenplan for the broader West Coast

of Vancouver Island area. The ultimate vision is integrated, collaborative, and truly participatory

coastal and ocean planning and management that will ensure the restoration and sustainability of the
reggn 6s uni que ecological, social, cultural, and e

Bamfield is situated just inside the southernmost corner of Barkley Sound adjacent to the exposed
outer coast and within easy reach of some of the most wonderful and spectacular habitats and
ecosystems in the world, and which people have interactedowithillennia. | am deeply grateful to
have had the opportunity to call it home with my wife and daughter for a whole year as the Scientist
in Residence at Bamfield Marine Sciences Cenr.behalf of the&symposiunOrganizing

Committee | am pleaed towelcome you to this premier scientific institution, and | hope you will

join me in appreciating the hospitality of our territorial host, the-Blaht First Nation, and the

other First Nations of the Barkley Sound ecosystem as we embark on our journey.

Tom Okey

Organizing CommitteeBarkley Sound Knowledge Symposium
Director of Ecosystem Science, West Coast Aquatic

Pew Fellow in Marine Conservation
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SYMPOSIUMSCHEDULE

TUESDAY, 9 February 2009

7:30

Board the MV Francis Barkley at Harbour Quay in Port Alberni

8:00

MV Frances Barkleyunches for Barkley Sound and Bamfield

Session 1. Understanding Place and People

8:15

Introductiono presentations enroute to Bamfielwbard the MV Frances Barkley

8:30

8:45

Presentation 1 (Hupacasatiir. Tom Tatoosh

9:00

9:15

Presentation 2 (UchucklesaiMy. Steve Rush

9:30

9:45

Presentatiod (Toquaht) Mr. David Johnsen

10:00

10:15

Presentatiobd (Ucluelet) Ms. Marylin Touchie

10:30

10:45

Presentatio (Tseshaht)Councilor Willard Gallic Sr.

11:00

11:15

Presentatiof (Huway-aht)- Councilor Rob Dennis Jr

11:30

Arrive in Bamfield. Disembark and unload to accommodations.

11:45 | Registration desk in Rix Atrium

12:00

12:15 | Opening Prayer and Welcome to Traditional Territories

12:30 | Lunch is served

12:45

13:00

13:15 | Brad Anholt, Welcome to Bamfield Marine Sciences Centre [during lunch]

13:30 | Okey, Symposium Introduction

13:45 | Keynote AddressMr. Denis St. Claire: "The Last Forty Years and the Next Two Dec:
14:00

Session 2. Climate, Geology, and Oceanography

14:15

Dallimore- A 10,000 year history of the climate, sea level, oceanography, marine
ecosystems and earthquake activity in Barkley Sound

14:30

Palowicz Seasonal variations in Barkley Sound water mass characteristics and dee
renewal 20042009

14:45

Greengrove- Physical Oceanographic Conditions in Barkley & Clayoquot Sounds, B!
Canada- 2000-2009 - Focus on Effingham Inlet

15:00

Wellness Brda




15:15

15:30

15:45

16:00

The First Barkley Sound Knowledge Symposium: Program

Interactive Keynote Addres®r. Mairi Best: “Live Data from the Coast to the Deep S
NEPTUNE Canada"

Session 3. Ecological Baselines: from Forests to Fisheries to People

16:15

Mackinnon Terrestrial ecosystems of Barkley Sound

16:30

Rutherford Overview of surveys conducted by Fisheries and Oceans Canada on
invertebrate stocks in Barkley Sound

16:45

Mckechnie An Archaeological Perspective on the Hake Fishery in Barkley Sound

17:00

Tanasichuk Short lived fish and the question of baselines in Barkley Sound

17:15

Morgan- Huuay-aht First Nation Marine Resource Inventory

17:30

17:45

18:00

18:15

18:30

18:45

Blessing Dinner is served

19:00

19:15

Session 4. Poster Session

Poster

Beach Ucluelet Harbour: a safe landing, but does it provide safe food?

Poster

Beaugrand Monitoring Coastal Erosion and Climate Change/Variability Impdeific
Rim National Park Reserve

Poster

Chan- Exploring the feasibility of Wizard Islet as an indicator of rocky intertidal
communities in Barkley Sound

Poster

de Graaf - Monitoring critical fish habitat: Eelgrass and forage fish spaweiches in
Barkley Sound

Poster

Earle- The significance of oral histories of the 1700 Cascadia Earthquake

Poster

Fu - Fish/shellfish community structure in Barkley Sound

Poster

Hay - Fossil diatoms as indicators of past hydrological and climate variability in Bark
Sound, British Columbia

Poster

Head- Mapping features, values, and uses in Barkley Sound and the WCVI

Poster

Heim- A new species of the genus Tethya (Porifera, Demaospongiae) from Barkley S
Vancouver Island, Canada*

Poster

Leys- Glass sponges take advantage of currertuced flow

Poster

Leys- Observing suspension feeders graze: a NEPTUNE observatory in 3D

Poster

Mak - SocialEcological History for Nearshore Ecosystems of WCVI

Poster

Poster

Poster

Poster

Mckechnie Archaeological Evidence of a Possible Raleou n a mi at Vilages
West Coast Trail, Pacific Rim National Park Reserve

Murray- Protected Areas and Poverty Reduction: A Cawfsidaa Research and Learnir]
Alliance

Ramshaw The distribution and abundance of kdirived detritus off the wst coast of
Vancouver Island

SzaniszleSeasonal Abundance and Distributd.i

National Park Reserves
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Poster

Tam- DecisiofMaking for Ecosystem Services: Values, Process and Structure

Poster

TanasichukFactors affecting the productivity of Pacific herring (Clupea pallasi) from
West Coast of Vancouver Island

Poster

TanasichukFactors affecting the returns of coho (Oncohrynchus kisutch), sockeye ({
and chum (O. keta) salmivom the WCVI

WEDNESDAY, 10 February 2009

7:30 | Blessing Breakfast
7:45

8:00

8:15

8:30 | To Lecture Hall

Session 5. Indicators for planning and decision making

8:45 | Clarkson Black OystercatchedsShoreline Sentinel of Barkley Sound

9:00 . . . e o
Zharikov Population trends and drivers of annual variability in seabirds in Barkley S

9-15 | Burger- The importance of Barkley Sound and adjacent seas to the global seabird
community

9:30 Tanasichukinterannual variation in euphausiids (krill) in Barkley Sound;208%81

9:45 | Yakimishyn Spatial variability in eelgrass fish diversity in the Broken Group Islands,
Barkley Sound

10:00 | de Graaf - Measuring the @hnectivity of Eelgrass Habitats in Barkley SoundSeéele
Population Genetic Structure of the Bay Pipefish.

10:15 | Hyatt- Annual to centennial scale variations in returns of Barkley Sound satkeyeas
an indicator of ecosystem and human health

10:30 | Wellness Break

Session 6. Ecosystem knowledge for planning and decision making

10:45 A Okey- How ecosystem knowledge will inform sustainability planning in Bsokleg and
the West Coast of Vancouver Island
_ Keynote AddressDr. Terrie Klinger: The San Juan Islands and Puget Sound plannin
11:00 | experiences
11:15

Session 7. Habitat and spatial characterization

11:30

Markel- Spatially consistenbckfish recruitment across kelp and eelgrass habitats in
Barkley Sound: implications for RCA effectiveness

12:00

Gregr - Building a comprehensive substrate map for ecosystem analysis

12:15

Bodtker- British Columbia Marine Conservation Analysis project: Generating informe
support integrated marine planning

12:30

12:45

13:00

13:15

Blessing Lunch is served

13:30

Toft- Coastal and marine planning informed by mapping and valuation of ecosystern
services of the West Coast of Vancouver Island
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Session 8. Community approaches to goals, objectives, and targets

13:45

Burnett A Web-Based, Federated, Marine Use Management System for Small
Communities

14:00

Insley- Community Based Ecological Monitoring: Lessons from the Bering Sea

14:15

Murdock Historical and future climate impacts for a commbaigd resiliencanalysis

14:30

Listorr Building Resilient coastal communities in the face of climate change impacts
coastal and marine resources and ecosystems in British Columbia

14:45

Wallace - Public and expert survey of ecosystem knowledge, uses, values and perct
of health, stressors, and solutions for the WCVI

15:00

Wellness Break

15:15

15:30

15:45

Longo- Enlisting Digital Fishers to Assess Data from the Deep and Elicit Judgmest f|
Crowd

16:00

Schmitt Freshwater Hatchery Management Practices that Could be Incorporated to
Rebuild Wild Stocks of Chinook Salmon

16:15

Wellness break (and moving chairs)

Session 9. Perspecives on ecological change

16:30

16:45

17:00

17:15

Resource Users Perspectives on Ecosystem Chamfgeilitated conversation with invite
guests

17:30

17:45

Free time

18:00

18:15

18:30

18:45

Blessing Dinner is served

19:00

Assemblén Rix Atrium

19:15

19:30

19:45

20:00

Longterm perspectives on ecological changefacilitated conversation with special
guests

20:15

Continue conversation if desired

THURSDAY, 11 February 2009

7:30

7:45

8:00

8:15

Blessing Breakfast
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Session 10. Ecological Baselines: Shallow subtidal

8:30

8:45 | Keynote Address Dr . Jane Watson: o0Sea otters

9go0 | mportance of having a baselineo

9-15 | Martone- Effects of sea otter predation on subtidal rocky reef food web structure anc
productivity on the west coast of Vancouver Island

9:30 | Singh- Impacts of sea otter foraging on intertidal communities: implicatiseas ofter re
establishment in Barkley Sound

9:45 | Dick- Are sea otters good for fish?

10:00 | Espinos&komere Using ecosystem models to predict effects of sea otters return to tk

west coast of Vancouver Island

10:15

10:30

Keynote AddressDr. Louis Druehl: "The Kelp of Barkley Sound: Ecology, History,
Economics, and Leisure”

10:45

11:00

Symposium wrap up, thank you, and prayer

11:15

Collect bag lunch/ Thank you and closing of symposium during lunch?

11:30

11:45

12:00

Freetime

12:15

Board MV Francis Barkley for Port Alberni

12:30

12:45

13:00

Session 11. Looking to the Future

13:15

Presentation 1 (Htay-aht)- Undecided

13:30

Presentation Ucluelet) Marylin Touchie

13:45

Presentatio3 (Toquaht) Chief Anne Mack

14:00

Presentatiod (Tseshaht)Undecided

14:15

PresentatioB (UchucklesahtMr. Steve Rush

14:30

Presentatio6 (Hupacasath) Tom Tatoosh

14:45

15:00

15:15

15:30

15:45

Arrival in Port Alberni in time to get to the Olympics!
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KEYNOTESPEAKERS
MR. DENISST. QLAIRE

Archaeologistethnographerducatorpwnerof CoastHeritageConsulting
KeynoteAddressThe LastForty Yearsandthe Next Two Decades

Mr. St. Claire has immersed himself in the archaeology and ethnography of the Barkley Sound
and surrounding areas formore than threedecades in capacities that have blended scholarly,
professional, and persmal realms. Mr. St. Claire has worked with elders of the Hiay-aht,
Tseshaht, Hupacasath, Uchucklesaht, Toquaht, Ucluelet, Ahousaht, Keltsemath, ana-tjai-
aht, collecting place names and site usage data throughout the 1970's, 80's and 90's. These
were critical decades for understanding the interacting human and natural histories of the
region. His extensive work with elders, hereditary chiefs and elected First Nation councils has
given him a favorable reputation among Nutchah-nulth First Nations, @ well as valuable
insights into appropriate cultural/procedural protocols and interview techniques. Mr. St. Claire
was adopted into Tseshaht's Tyee Ha'wiilth Adam Shewish's family and continues to be a friend,
family member and asset to the Tseshaht comumity.

DR. MAIRIM.R.BEST

AssociateDirector (Science) NEPTUNECanada.

InteractiveKeynoteAddressiiLive Datafrom the Coastto the DeepSea:NEPTUNE
Canada

Dr. Mairi Bestis a marinescientistinterestedn biological, physical,andchemicalfactars thatcontrol
the preservatiorof calciumcarbonateskeletons:our primary sourceof paleabiologicalinformation
andthe primaryway carbonis transferredrom the atmospher@ceanto thecrustin the carboncycle.
Productionandpreservatiorof calcium carbonates affectedby oceani a ¢ i d i fAiftec letBiSa n 0 .
honoursin Geologyfrom LaurentianUniversity,includingscubabasedesearcton reefsof StLucia,
Mairi workedon fossilandmodernreefsin PapuaNew Guineathroughthe Australianinstitute of
Marine Science.Fromthereshedid a PhD atthe University of Chicagowith fellowshipsatthe
SmithsonianTropical Researchnstitute.As assistanprofessomat McGill University, shecontinued
to expandher NSERGfundedresearctprogram,includingexperimentsleployedon the VENUS
cabledobservatory.Shecontinueghis researctasan Adjunct Professoin the University of

Vi c t &choobftEarthandOceanSciencesMairi fostersandfacilitatesthe efforts of a growing
communityof NEPTUNECanalascientists thosedesigningthe pioneersuiteof instrumentsand
experimentsleployedn 2009,anddevelopingapproache# dataanalysisandintegration. Shealso
managesheintegrationbetweerthevision of the scientificcommunityandthe engineeing and
informationtechnologyinfrastructure.

11
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DR. TERRIEKLINGER

AssociateProfessor Schoolof Marine Affairs and AdjunctAssociatdP’rofessor Schoolof
AquaticandFisheriesScienceslniversityof Washington

KeynoteAddressii T SanJuanlslandsandPugetSoundplanninge x per i ence s 0

Dr. Terrie Klinger is Associate Professor of Marine Affairs at the University of Washington where

she studies marine ecology and marine policy. Klinger holds a Ph.D. in Biological Oceanography
from the Scripps Institutioof Oceanography. Her research has included investigations of nearshore
intertidal and subtidal communities and their response to disturbance, biological invasion, and climate
change. She serves as Chair of the Olympic Coast National Marine Sanctuagra@ouncil,

Governor's Appointee to the Northwest Straits Commission, and as a lead author of the Puget Sound
Science Update.

DR. ANEWATSON

ProfessorVancouveisland University,Nanaimo, BC, Canada

KeynoteAddressii S etters,historyandnaturd variation: theimportanceof havinga
baselineo

JaneWatsonhasbeenobservingmeasuringandstudyingthe underwateecosystemsf Barkley
Soundfor nearly30years. Sheis interestedn how marinevertebrategffectandinteractwith coastal
ecosystms.Her currentresearchs on seaottercommunityecology,andsheis particularlyinterested
in how seaotter predationaffectsthe biological communitiesof underwaterocky reefsincludingthe
life historystrategie®f seaotterpreyspecies.

DR. LouisD.DRUEHL

ProfessorEmeritus,SimonFraser University andBamfieldMarine Science£entre

KeynoteAddressfi Ma r algaeandecologicalchangein BarkleySoundandwestcoastof
Vancouvel s| ando

Dr. Louis Druehlhastaughtmarinebotanyat SimonFraserUniversity andvariousmarinestationsfor
overthirty years. His ongoingresearctadvancesinderstandingf kelp ecology,evolutionand
cultivation,andhis doggerelamuses.Louis andhis partner RaeHopkins,haveoperatedCanadian
Kelp Resourcegwww.canadiankelp.congut of Bamfieldfor overtwenty-five years. CKR hasa
line of seavegetable¢Barkley SoundKelp), provideskelp for pharmaceuticahndcosmetic
companiesandchampiongelp farmingandthe developmenbf kelp-basedcottageindustrieslocally
andabroad.

12
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SESSIONL. UNDERSTANDINGPLACEAND PEOPLE

First Nations interpretationsf place,origins, histories and interactios withmarine and coastal
ecosystemawith a focus on ecosystem knowledge of the Naflaboard theRV Francis Burkley
during the journey from Port Alberni to Bamfield

HUPACASATHFIRSTNATIONPERSPECTIVEBMR. TOM TATOOSH
UCHUCKLESAHFIRSTNATIONPERSPECTIVEBMR. STEVERUSH
TOQUAHTHRSTNATIONPERSPECTIVEB CHIEFANNEMACK
UCLUELETHRSTNATIONPERSPECTIVEBMS. MARYLINTOUCHIE
TSESHAHTFIRSTNATIONPERSPECTIVEEZ COUNCILORNILLARDGALLICSR.

HUU-AY-AHT FIRSTNATIONPERSPECTIVEB COUNCILOFROBDENNISR.

KEYNOTEADDRESSL: THE LASTFORTY YEARSAND THE NEXT TWO DECADES
MR. DENIS ST. CLAIRE

Archaeologistethnographer, educator, owner of Coast Heritage Consulting

This keynote addredsaces the development of our knowledge about the archaeology and
ethnographyf Barkley Sound and the West Coast of Vancouver Island from the early 70's to the
present. Dung that time, tremendoysogress has been made in understanding the archaeology
of the Barkley Sound area, its sequence and chronology, as well as its ethnography /
ethnohistory. The presentation touches somehopesfor the future of research in the aa and

the crossover benefits that other sciences can derive from the results of the regional
archaeological work of the past 30 plus yearsThe address concludes wdlplea for joint,
multidisciplinary projects in the coming years.

13
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SESSION2. CLIMATE, GEOLOGY AND OCEANOGRAPHY

A 10,000 YEARHISTORYOFTHE CLIMATE, SEALEVEL, OCEANOGRAPHWARINE
ECOSYSTEMBND EARTHQUAKEACTIVITY IN BARKLEYSOUND.

AUDREYDALLIMORE!2, RANDOLPHJ.ENKINZ , MURAYB.HAY 3, CYNTHIAA.WRIGHT
4, ANDRICHARDE. THOMSON

1"Schoolof EnvironmeniandSustainability Royal RoadsUniversity, Victoria, BC,V9B 5Y2,
Canada,Audrey.Dallimore@royalroads’caeologicalSurveyof CanadaPacific, NaturalResource€anada,
Instituteof OceanSciencesSidney,BC, V8L 4B2, Canadaenkin@nrcan.gc.c&rogrammele géographie

DépartementlesSciencesiumainesniversitédu Québec Chicoutimi(Québec)s7H 2B1 Canada
Murray_Hay@ugac.ca: *FisheriesandOceansCanadalnstituteof OceanScienes,Sidney,BC, V8L 4B2,
Canada.

Summary

Thesedimentaryecordin a40.9meterpistoncoreraisedfrom theinnerbasinwithin Effingham
Inlet, Barkley SoundBritish Columbia,Canadaduringthe 2002MONA (MargesOuestNord
Américainescampaignspandrom14,360™ C yr BP (17,300cal yr BP). Thisimportantmarine
sedimentore,widely regardedasthe besthigh resolution( annual) recordof paleoenvironmental
conditionsin the Pacificnortheastarchiveschangesn sedimentatiormndsealevelimmediately
following deglaciatiorof the Late WisconsinFraserGlaciation,which peakedabout15,000™ C yr
BP. Ourinterpretationsncludedetailsaboutnaturalcyclical andabruptclimate,oceanographiand
ecosystenthangesa 40 m changdn sealevelin Barkley Soundandmajorearthquakevents as
glaciersrecededrom thewestcoastof Canada.

Methods or mode of knowledge

A 40.9mlong sedimentore(MD02-2494)wasraisedusingthe Calypsopistoncoresystemon board
theFrenchshipthe RV Marion Dufresnein theinnerbasinof Effinghaminletin June,2002.
Subsequentlgetailedanalyse®f thelithology, physicalpropertiesdiatomandfish scale
assemblagewserecarriedoutin the laboratoriesof the GeologicalSurveyof CanadaPacific. Fifty-
ninesamplesf wood,plantandshellmaterialwererecoveredor AcceleratorMassSpectrometry
(AMS) radiocarbordating.Multibeambathymetricdatawerecollectedin April, 2005aboardhe
CCGSVectorusingKongsbergS i mr BMF3D@0multibeamechosounderOceanograph water
propertytransect®f theinlet havebeenperformedrom the CCGSTully since1995.

Results or observations

Both abruptandcyclical changesn the naturalenvironmenin Barkley Soundarerecordedn the
coresedimentsmostnoteablya profoundchangein oceanographiandecologicalconditionswhich
occurredabout4,000yearsago.Someindicationsindicatethatwe arenow experiencinganother
abruptchangen climateandoceanconditions which maybe analogougo the abruptchangeof
4,000yearsago®. Detailedresultsof this researcttanbefoundin the publicationdisted below.
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Discussion and conclusion

Theresearchirom Effinghaminlet givesusa quantitativeanalyse®f the preseneandpast
environmenin Barkley Sound,andwhatwe mayexpectin the future underglobalclimatechange.
Our generalunderstandingf the climatesystemis basedn datarecordedn aboutthe past100
years.However this shortdurationhasnot witnessedhefull rangeof E a r tlimétis variability and
it includeshumancausedlisturbanceso the naturalclimatesystem.Thereforeinterpretatiorof the
geologicrecordis vital to accuratelyplacing20thand21stcenturyclimatein historicalcontext,
evaluatinghe significanceof future changesn climate,andanalyzinguncertaintiesn the projection
of climatechang€’. Thedramaticchangesn sealevel recordedn this corealsohaveimplications
for the possibility of earlyhumanmigrationroutesandglacialrefugia.

Key words
Paleoenvironmengealevel change,climatechangefish scalesgarthquakes.
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SEASONALVARIATIONSIN BARKLEY SOUNDWATER MASSCHARACTERISICSAND
DEEPRENEWAL2004 -2009.

RicHPAwLOWICZ2 ANDRONTANASICHUK

!Departmenbf Earchand OceanSciencesyniversityof British Columbia,B.C.,Canada.Email:
rich@eos.ubc.c&Fisheriesand OceansCanada,Pacific Biological Station,Nanaimo,B. C. Canada.Email:
Ronald.Tanasichuk@dimpo.gc.ca

Summary

A regulartime seriesof watercolumnpropertiesn Barkley Soundhasbeencollectedon a monthly
basissinceFeb2004.Resultsshowa regularseasonatycle,superimposedn alongertermcooling.
Watersbelow60mareregularlyhypoxicin latesummer.
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Methods

Regularhydrographicsurveysof Barkley Soundwatercolumnpropertiesatlocationsnearthe Sarita
Riverin TrevorChannelandnearSwaleRockin Imperial EagleChannelhavebeencarriedouton
anannualbasissinceFeb2001,and onamonthlybasissinceFeb 2004.Parametermeasured
includetemperature salinity, dissolvedoxygen(since2004)andchlorophyllfluorescencésince
summer2005).Plotsof theresultsareavailableatthe Barkley SoundTime Serieswebpage

Results or observations

Thereis a pronouncedeasonatyclein watercolumnpropertiesatall depths At depthsof 0 to 40m
flow is generallyunrestrictedandmeasuredaluesaresimilar overthewhole soundatanyonetime.
BetweemdOmand100mTrevor Channelwateris renewednly by therestrictedflow from theopen
ocearvia Imperial EaglechannelndthroughJunctionPassagelrevor Channebpropertiedrack, but
arenotidenticd to, propertiesn EagleChannelBelow aboutl20mwaterin Trevor Channeland
Alberni Inlet is isolatedfrom the openoceanandstagnantor muchof theyear. Thesedeepwatersare
renewedn summereveryyear,butthetime periodduringwhich renewaloccursvariesfrom yearto
year.Renewaloccurredover5 consecutivanonthsin 2006,but only over 3 consecutivenonthsin
otheryears.In 2007renewaloccuredonly duringMay andNovember.

Oxygenlevelsin thedeepwaterarelow becausehe upwelledPaciic Intermediatevaterthatenters
duringthe summerhaslow oxygenlevels.However,0xygenlevelsduringthe stagnanperiod
sometimeglecreasandsometimesncreaseprobablyreflectinga changingoalancebetweerthe
downwarddiffusion of oxygenatedvate from aboveandthe utilization of oxygenby organic
decompositionWaterin Barkley Soundis hypoxic(< 2 ml/l of Oxygen)belowabout60min thelate
summerandearlyfall, butthe depthof this boundaryincreases$o about120moverthelatefall and
winter. Theentirewatercolumnis generallyabovehypoxiclevelsduringMay throughJune during
theinitial stageof deepwaterrenewal.

Chlorophyllconcentrationsreelevatedduringthe summer andgreatestn arelativelythin layerat
depthsof around10m.No pronouncedspringbloomhasbeenobservedHowever this maybean
artifactof the sparsemonthly samplingwith the bloomoccuringbetweersamplingtimes.

Discussion

Longtermseasondirendsin Barkley Soundwaterpropertiesprobablyreflectclimatologicalchanges
in the coastawindsandoffshorewaterpropertiesandmaybe usefulasa proxy for inlet properties
all alongthewestcoastof Vancouversland.

Key words
Hydrographicwatercolumnpropertiesseasonatycle,climate
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PHYSICAIOCEANOGRAPHICONDITIONSN BARKLEY& OLAYOQUOTSOUNDSBC,
CANADA- 2000-2009 - FOCUSONEFFINGHAMNLET

CHERYL GREENGROVE, JULIE MASURA!, Rick KEIL? AND MILES LOGSDON

! EnvironmentaScience University of WashingtonTacomaBox 358436,1900CommerceStreet, Tacoma,
WA 98402

2Schoolof Oceanographyniversity of WashingtonSeattle Box 357940,1503Boat Street,SeattleWA
98195

Thephysicaloceanographiconditionsin theinletsandfjords of BarkleyandClayoquotSounds
alongthe outercoastof Vancouverslandin British Columbia,Canadahavebeenexploredfor the
pasttenyearsaspartof anongoingmultidisciplinaryprojectthatinvolvesfaculty andstudentgrom
multiple institutions.The hydrographicconditionsin thesedeepglacially formedfjords areheavily
influencedby complexbathymetry strongtidal currentstopographicallysteeredvindsandcoastal
oceanographiapwellinganddownwelling. Many of the deepinnerbaysof theseinletsareanoxic
with renewaltimeson the orderof montts to years,with only aperiodicflushing. Theinterannual
distributionandvariability of summertemperaturesalinity, density,oxygenandfluorescencere
examinedandrelatedto possibleocal forcing conditionsfor inletsin both BarkleyandClayoquot
Soundsverthe periodfrom 20002009with a particularfocuson Effinghaminlet.

KEYNOTEADDRESZ: LIVE DATA FROM THECOAST TO THEDEEPSEA: NEPTUNE
CANADA

DR MAIRIM.R.BEST, ASSOCIATIDIRECTORSCIENCE, NEPTUNECANADA ON
BEHALF OBBARNESC,BEST, M, BORNHOLDB, JOHNSONF, PHIBBS P,PIRENNE B

NEPTUNECanada,P.0.Box1700,StnCSC,Victoria, BC V8W2Y2,Canadammrbest@uvic.ca

Dataarestreamindive from the NortheasPacific,andthesedataarefreely andopenlyavailableto
theworld through the Internet.Theyareprovidedby the NEPTUNE Canadaegionalcabledocean
observatorywhich spanghe northernJuande FucaPlate.A zoneof immenseocearrichnessthisis
anidealsitefor studyingthe dynamicinteractionsatthe land/sednterfacethatdrive oceaniccycles.
Thekeyfactorsin capturingthe driving forcesin this dynamiczonearetemporalresolutionand
integratedinkagesamongdisparatedatatypes.NEPTUNE Canadgrovidesthe continuougpower
andbandwidthcapacityto permitsampling of physical,chemical,geological andbiologicalgradients
attemporalresolutiongelevantto thevolatility of thecoastakystem.
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Most of theinitial experimentsplannedhroughworkshopsandinternationakompetitionswere
installedat4 out of the 5 networknodesduringthe summerof 2009.At inshoreFolgerPassage
(Barkley Sound westVancouventsland),controlson biological productivityareusedto evaluatehe
effectsof marineprocessesn invertebratesfish andmarinemammals Experimens aroundBarkley
Canyonquantifychangesn biologicalandchemicalactivity associateavith nutrientsandcrossshelf
sedimentransportat the shelf/slopebreakandthroughthe canyon.Along the mid-continentaklope,
exposedandshallowlyburiedhydrates allow monitoringof changesn their distribution,structure,
andventing,andrelationshipgo earthquakesslopefailuresandplatemotions.CirculationObviation
RetrofitKits (CORKSs)at mid-plate ODP 10267 boreholeswill monitorreaktime changesn crustal
temperatur@ndpressurein responseo earthquaked)ydrothermakonvectionor platestrain. At
EndeavouRidge(instrumentsnstalledsummer2010),complexinteractionsamongvolcanic,
tectonic,hydrothermabndbiological processewill bequantified at westernedgeof Juande Fuca
plate.Acrossthe network,high resolutionseismicinformationelucidategectonicprocesseand
earthquakesandatsunamisystemdetermine®penoceantsunamiamplitude propagatiordirection,
andspeedTheinfragructurehascapacityto expandandwe invite participationin experimentsgata
analysis andtechnologydevelopmentfor informationandopportunities:
http://www.neptunecanada.ca

Building this $100Mfacility over the pastdecadeequiredintegrationof hardware software and
peoplenetworks Hardwaredevelopedndinstalledincludes:800kmpoweredfibre-optic Backbone
cable;NodesandJunctionBoxes;mobile platformsincludinga Vertical Profiler anda seabed
Crawler,andscoresof InstrumentsThe vastmajority of this complexhardwarenetworkis operating
successfullyfollowing installation,a coupin theseextremeenvironmentsA significantpartof this
successs dueto thelogistical supportof the ROPOSROV. In parallel,softwareandhardware
systemsareacquiring,archiving,anddeliveringcontinuousreaktime data.A webenvironmento
combinethis dataaccessith analysisandvisualization,collaborativetools, interoperability,and
instrumentcontrolis in placeandexpandingA networkof scientistsengineerandtechniciangs
contributingto the processn everyphase.

NEPTUNECanadawill transformour understandingf biological,chemical physical,andgeological
processeacrossanentiretectonc platefrom the shelfto the deepsea(17-2700m).Realtime
continuougmonitoring,archiving,andlongtime seriesallows usto capturehetemporalnature,
characteristicsandlinkagesof thesenaturalprocesses waysneverbeforepossible.
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SESSIONS. ECOLOGICAIBASELINES FROMFORESTS TO
FISHERIESTO PEOPLE

TERRESTRIAECOSYSTEMSFBARKLEYSOUND
ANDYMACKINNON
BC Ministry of Forestsand Range CoastRegion 4300North Road,Victoria, BCV825J3

Summary

Barkley Soundis a body of water.But Barkley Sound consideredroadly,includesall of thelands
thatdraininto Barkley Sound.This is analogoudo the adjacentClayoquotSound(to the northwest)
whichis generallyperceivedasincludingbothterrestrialandmarinecomponents.

Theterrestrid component®f theseWestCoastVancouverslandsystemgangeelevationallyfrom
low elevationandmontaneCoastaMWesternHemlockto subalpinedMountainHemlock,and
climatically fromthewestc o a serydvet hypermaritimeo the very dry maritimeecosytemsof
easternvVancouverslandon thenorthernendof Barkley Sound(1). Total annualprecipitationwithin
Barkley Soundrangesrom aboutl meterto morethan3 meterslts terrestrialecosystemare
predominantlyconiferousforest,with smallerareasof deciduousr mixedforests(riparianor
otherwisedisturbed)andnonforestedareassuchaswetlands.

BarkleyS o u ntetréstrialecosystemarepartof the coastakemperateainforestoiome(2). These
ecosystemsupportmanyspecie®f plants,animak, fungi andlichens,includingspecieghatare
listedasthreatene@ndendangeretty B C &snservatiorDataCentre. Thesetemperateainforests
aredistinctivegloballyin thatfire is notanimportantdisturbanceagent Becausef this, a century
ago,mostof BarkleyS o u nfaréstswereold-growthforests.Today,the vastmajority havebeen
loggedandconvertedo secondgrowthforests.

And in awet, westcoastenvironmenttheseterrestrialecosystemareall upstreanfrom the coastal
andmarineecaystemghatarethefocusof this SymposiumThatmeanghatanythingthataffects
theseterrestrialecosystemsvill befelt in the freshwatemndmarinerealms.

Integratececosystenmanagementinustconsidermanagementf theentire (terrestrial freshwaer
andmarine)ecosystenif it is to beeffective.This principle shouldbeincludedin Integrated
Ecosystenmissessmentandrelatedreports.This Symposiurnis focusedon marineecosystems;
future Symposiashouldincludeconsideratiorof terrestrialecosgtemsn their deliberations.
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Methods or mode of knowledge
Theecosystenmaps(biogeoclimaticsubzonesndvariants)arefrom BECWeb(3). Theecosystems
describedarefrom the VancouveRegionfield guide(1). Forestcovermapsarecompiledfrom
severalifferentgovernmentindforestcompanysourcesandupdatedvith SPOTimagery.Satellite
imagesl973and2009arefrom LANDSAT.

Results or observations
To bedeterminedanalysesinderway).

Discussion and conclusion

Integratedecosystenmanagemenmnustconsidemrmanagemenf the entire(terrestrial freshwater
andmarine)ecosystenif it is to beeffective.This principle shouldbeincludedin Integrated
Ecosystenmissessmentandrelatedreports FutureSymposiashouldincludeconsideratiorof
terrestrialecosystems their deliberations.

Key words
terrestrialecosystemdgemperateaainforest,old-growthforest,ecosystenmanagement
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OVERVIEWOFSURVE$CONDUCTEBY FISHERIEsAND OCEANSCANADAON
INVERTEBRATETOCKSN BARKLEYSOUND

DENNIST. RUTHERFORB, GRAHAME . GLLESPIEZ, OLAUDIAM.HAND3

'Fisheriesand OceansCanada,Pacific Biological Station,3190HammondBay Road,Nanaimo,B.C. Canada
VIT6N7.Dennis.Rutherford@dfmpo.gc.ca® Graham.Gillespie@dfanpo.gc.ca *Claudia.Hand@dfe
mpo.gc.ca

Summary

The ShellfishSectionof the Departmenbdf FisheriesandOceangDFO), ScienceBranch,Marine
EcosystemandAquacultureDivision conductsa variety of surveyson invertebratestocksin Barkley
Sound.Thesesurveysaredesignedo address wide rangeof objectivesyangingfrom estimating
abundancendmonitoringtrendsin biomasdor the managememf commerciafisheriesandspecies
atrisk, andmonitoringtrendsin biomassanddispersiorof nonindigenousandinvertebratesSpecies
thataretargetedfor surveysincludesubtidal (geoduck seaurchin,seacucumberabaloneand
shrimp)andintertidal (Manila, littleneck,andbutterclamsandOlympiaoyster)speciesSurveysof
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norrindigenousandpotentiallyinvasivespeciedocuson intertidal bivalves,gastropodsnd
crustaceans.

Methods or mode of knowledge

Dive/transecsurveymethodolgyis employedto estimategeoduckred seaurchin,seacucumberand
abaloneadensity.For shrimp,afisheryindependentrawl survey,usinganexcluderdevicewith 78
mm spacingjs conductedannuallyfrom the CoastGuardResearclVesselNeocaligusThis surveyis
primarily directedat monitoringannualtrendsin shrimppopulationshoweverall catchis identified
andweighedto provideecosystennformationon co-occuringspeciesBeachtransectguadratand
trappingsurveysareconductedn theintertidalregion,from which the majority of norrindigenous
speciegpresenin Barkley Soundhavebeenidentified. All surveydataaregeoreferencedndreside
in databasemaintainedoy the ShellfishDataUnit, Pacific Biological Station,NanaimoB.C.

Results or observations

Thesurveysior geoduckseaurchin,seacucumberandshrimphavebeenprimarily in supportof
fisheriesmanagemenb ensuresustainabléarvest Abalone surveysareconductedo evalutethe
efficacyof rebuildinginitiatives aswell asto provideadviceon broodstockcollection.Surveysof
nonindigenousandpotentiallyinvasivespeciesommencedn 2006andhavefocusedon intertidal
bivalves,gastrgpodsandcrustaceansSeverakpeciegJapaneseysterdrill, Europearmouseear
shail, New Zealandmudsnail Europearflat oyster,Japanesgreenmusselwerereportedrom
Barkley Soundfor thefirst time asaresultof thesesurveysIn concertwith thesesurveysatrapping
programto examineabundancanddistributionof Europeargreencrabwascarriedout. Thisledto a
long-termpopulationmonitoringprogramin Pipesteninlet.

Discussion and conclusion

Theintentof this paperis to inform thoseinvolved in Barkley Soundsustainabilityplanningof the
variousstudieshatDFO is conductingoninvertebratestocksin the area Althoughthe overview of
surveys presented in this reporpigmarily speciespecific,theyareanimportantcomponentf the
datarequiredasinputinto ecosystenmanagemerandsustainabilityplanning.

Key words
Invertebratesstockassessmeninvasivespeciessurveys,

AN ARCHAEOLOGICAPERSPECTIVENTHE HAKE FISHERYIN BARKLEYSOUND
IAIN MCKECHNIE
!Laboratoryof Archaeobgy, Universityof British Columbia.Email: ii@interchange.ubc.ca

Summary

Today,Hake(Merlucciusproductu3 areanecologicallyandcommerciallyimportantfish speciesn
Barkley Sound A numberof studiesdemonstrat¢hathakepopulationdluctuatein relationto recent
climatic andecosystenthanges?®but few studieshaveexaminedhelong termabundancef hake
in Barkley Sound. This preliminarystudyinvestigateshe prehistorichakefisheryusing
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zooarchaeologicalnalyse®f archaeofauneecoveedfrom two archaeologicasitesin Barkley
Sound.

Methods

| participatedn the archaeologicaéxcavatiorandsubsequenfboratoryanalysisof fish remains
recoveredrom TseshahFirst NationandHuu-ay-ahtFirst Nationvillage sitesin the BrokenGroup
Islandsandthe DeerGrouplslandsrespectively®. | examinedish remainsusingthe comparative
osteologicatollectionat the University of Victoria andidentifiedfish specimen$rom avariety of
spatialandtemporalcontextsdatingto within the past 5,000years.| createdaregressiorbased
equationfor estimatinghaketotal length(quadratevidthsfrom 8 known-lengthspecimensR squared
value=0.98)andappliedit to a sampleof archaeologicahakespecimengn=202).

Results

Hakearepresenin all threesitesin depositavhich dateto betweerb000yr BP and250yr BP. Hake
abundancaeliffers considerablybetweerthe examinedsiteswhich appeatto reflecta combinationof
local ecologicalfactorsanddistinctcultural preferencesRegressiobasedengthestimatesndicate
archaeologicaspecimensavea sizerangeof 33-58 cmwhichis largerthanthe meanadultspawning
age of 30cnt. Hakeabundanceisesconsiderablypetweerapproximately700-1500yr BP anddrops
afterapproximately700yr BP.

Discussion and conclusios

This preliminaryandongoingstudysuggestshathakecontributedsignificantlyto aboriginalfishing
activitiesin Barkley Soundandyet hakeabundancdéuctuatedconsiderablyverbroadtime scales.
This presenteseeksnput and perspectiveon theseresultsfrom audiencanembers.

Literature cited:

1.BensomAJ, McFarlaneGA, Allen SE,& DowerJF(2002)Changesn Pacifichake(Merlucciusproductu$
migrationpatternsandjuvenile growthrelatedto the 1989regimeshift. CanadianJournalof Fisheriesand
AquaticScience$9:1969 1979.

2. TanasichulRW (1999)Interannuakariationin the availability andutilization of euphausiidsaspreyfor
PacificHake(Merlucciusproductu$ alongthe southwestcoastof Vancouversland.Fisheaies
Oceanography(2):150156.

3. AgostiniVeraN., etal. (2006) Therelationshipbetweerhake(Merlucciusproductu$ distributionand
polewardsubsurfaceflow in the California CurrentSystem CanadianJournal of Fisheriesand Aquatic
Science$3:26492265.

4. Wright CA, Dallimore A, ThomsonRE, PattersorRT, & WareDM (2005)Late HolocenePaleofish
Populationsn Effinghaminlet, British Columbia,CanadaPalaeogeographyRalaeoclimatology,
Palaeoecology?24(4):367384.

5. McKechniel (2005)Five ThousandYearsof Fishingata ShellMiddenin the BrokenGrouplslands,Barkley
Sound British Columbia.MA Thesis(SimonFraserUniversity, Burnaby).

6. FrederickG, McKechniel, & WigenR (2006)Faunalreportfor the Huu7ii ArchaeologyProject:Results
from the 2004Huu7ii village excavations.(Reportpreparecandsubmittedto the Huu-ay-aht First Nation,
DenisSt. Claire,andAlan McMillan).

22



The First Barkley Sound Knowledge Symposium:Sessions and Extended Abstracts

Huu-AY-AHT FIRSTNATIONMARINERESOURCEBNVENTORY

DENNISMORGAN

Bamfield Huuay-aht Community Forest Society@aBamfield Millworks Bamfield, BC, Canad&-mail:
dmorgan@island.net

Summary

In 1998 a series of Marine Resource Maps were prepared for thay-it First Nation as an
important pretreaty exercise. Nine maps were prepared ranging in subject frdrogieysical

layout of the HFN Traditional Territory to distribution of kelp and shellfistanadromous salmon
distribution,to location of offshore fishing and marine mammal harvesting sites. This presentation
will discuss the preparation of these mapduding data sources (extensive Traditional Use Study
sources were consulted) and GIS techniques for map preparation.

SESSION. POSTERS

UCLUELETHARBOURA S\FELANDING BUT DOESIT PROVIDESAFEFOOL?

KATIE BEACH, ALAN MCCARTHY

lUu-a-thluk, PO Box1383, Port Alberni, BC, Canada, email: katie.beach@nuuchahnuItI"F.U[gueIet First
Nations, PO Box 699, Port Alberni, BC, Canada, email: al. mccarthy@telus.net

Summary

Thename"Ucluelet" comesfrom the Nuu-chahnulth word meaning'safelandingplace".The
associatetharbournasalong history of providing safetyandfood for coastacommunitiessuchas
the UclueletFirst Nations,andmorerecently,the District of Ucluelet.Industrialactivity in Ucluelet
Harbourrangedrom amill in thelate 1800s throughcanneriesfish buying stations reduction
plants,andprocessindacilities in the mid-1990s throughto today'sbustlingecotourisnindustryand
commerciafleet. Althoughthe protectivenessf the harbourhasn'tbeencompromisedy these
activities,the safetyof thefood has.For instancegclamharvestinga mainfood sourcefor early
harbourdwellers,hasbeenclosedwithin Uclueletinlet since1972.And althoughcrabbingis still
open,manyUclueletFirst Nationsmemberdaveexpressedoncernoverthe healthof the meatdue
to industrialcontaminationAlthough Uclueletmembershimcknowledges growingdependencen
purchasedoods,manypeoplecontinueto usetraditionalfoodsbecause¢heyaremoreeconomical,
havegreatemutrientvalue,andprovidea connectiorwith culturalvalues.Overthe pastdecadethe
UclueletFirst Nationshasbeenworking with areagroupsto cleanup the harbourandto beginto
guantifythetoxicologicalintegrity of importantseafoodesourcessuchasclamsandcrabs.This
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presentationvill focuson describingthe crabcommunityin UclueletHarbourandthetoxicological
safetyof thefood source Thiswill describeheintegrity of animportindicatorof the healthof
UclueletHarbour.

Methods

Regularcrabmonitoling wasconductedn UclueletHarbourbetweenJuneandOctober2008.Traps
wereleft in the harbourfor a 24-hoursoak,andwhencollected the crewmeasuredhe crabsfor size
andshellhardnessindnotedsexandinjuries. Twice duringthe samplingperiodsamplesvere
collectedfor heavymetaltoxicologicalanalysisby BodycoteTestingGroupin Surrey.

Results

Theabundancsurveyof crabsnotedhealthypopulationgn earlysummer AugustandSeptember
wasmoresoft-shellandfemalecrabscapturedthuspotentiallyindicatinga lessdesirabldime to fish.
In late October the numberof "keepers'increasedgain.Furtherwork will increasaunderstanding
aboutoptimal crabbingperiodsandaboutthe overall healthof the crabpopulation. Thetoxicological
portion of theresearchookedfor the presenc®r mercuryand32 othermetalsin the crabmeat.The
fall samplesamebackwith very low levelsof all metalstested putthe summersampleshowed
very high levelsof arsenic.The meatwaswithin safelevelsfor all othermetalsatthattime.

Discussion

Althoughthe concentratiorof arseniovashighin UclueletHarbourcrabsin the summerthisis not
necessarilya reasorfor concernOnemustconsiderthe concentratiorof contaminantsn thefood
andtherate of consumptiorof thatfood in orderto determinethe level of exposurdor a givenperiod
of time, andthustherisk. Thebenefitsof eatinglocal foodstendto outweighany potential
contaminatiorconcernsUclueletHarbourcrabscontainextremelyhigh levelsof calcium,aswell as
high levelsof zinc andiron. Thesealonemay play a protectiverole againsthe contaminantoxicity.

Key words
Foodsafey toxicology,crababundancegcologicalindicators

MONITORINGCOASTALEROSIONAND OLIMATE CHANGE VARIABILITYIMPACTSN
PAcCIFICRIM NATIONALPARKRESERVE

HAWLEYE.R BEAUGRANB, |AN J WALKER, DEREKHEATHFIELDB

!Departmenbf GeographyUniversityof Victoria, PO Box3060,STNCSC,Victoria, BC, Canada,Email:
ijwalker@uvic.cahawley@uvic.ca

Summary

In 20082009a geoindicatorgnonitoringprogramfor coastakrosionandclimatevariability impacts
wasdevelopedor PacificRim NationalParkReservg PRNPR)to providetimely informationon the
stateof the park andto inform parksmanagemerdctions.This presentatiomrawsspecificfocusto
WickaninnishBeach which supportoneof thelargestbeachdunesystemson Vancouversland.
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Methodsof monitoringincluderepeatcrosssectionalndfull topographicsuveys,repeatvantage
photographsairphotoanalysisandanalysisof thewind, wave,andwaterlevel regime.

Resultsto date,areinformativeonly of seasonathangesLongertermmonitoringwill betterreveal
contemporarerosional/depositiondtendsof the beachdunesystem Airphoto analyseshowthat
WickaninnishBeachhasprogradedatarateof 0.2m a* from 19732007andoverthis perioddune
sandsurfaceextentwasreducedy 27.8%. Progradatiorcanbeattributedto afall in relativesea
level causedy regionaltectonicuplift”andahigh dunerebuildingpotential(aeoliansandtransport
potential= 59871.22n°m*, resultanteoliansandtransport= 19383.31m°m™, over9434hours).
Lossof thedunesandsurfaceis indicativeof dunestabilizaton by nativeandinvasivevegetation
(e.g.,Ammophilaarenariaor Europearbeachgrass)ikely dueto recentincreasingair temperatures
andprecipitationtrendsassociateavith climatechangé.

Erosivewaterlevelsarereachedt.3a’, asdeterminediia superimposingalculatedvaterlevelson
crosssectionalprofiles. Statisticalrelationsshowthataverageanonthly observedvaterlevelsare
significantly correlatedo the Pacific DecadalOscillation(PDO),the NorthernOscillationIindex
(NOQI), andthe Multivariate El Nifio SoutherrOscillation(ENSO)Index (MEI), andthe monthly
maximumobservedvaterlevelsarealsosignificantly correlatedo NOI andMEI. The strongest
correlation(r = -0.346)is betweerthe meanmonthly observedvaterlevelsandNOI. This suggests
thatclimatevariability signalsaremanifestin regionalerosionalwaterlevel regimes.

Methods

Fourcrosssectionaprofilesin the Wickaninnishbeachdunesystemaresurveyedannuallyto
provideinsightto annualtrendsin erosion/depdson of beachandbackshoresedimentsAirphoto
analyseyield insightto longertermhistoricalchangesn shorelingposition,opendunesandsurface,
andlargewoodydebriscover.As of Septembe2009,monthlyfull topographicsurveyshavebeen
conducté to monitor 3D morphologicakesponseto adunerestorationinitiative. Controlfor these
survey§(GRS1980)wasestablishedn WickaninnishBeachusingRealTime Kinetic (RTK)
methodsRepeatantagephotographgrovidea qualitativerecordof changes.

Profileswerecorrectedo ChartDatum(CD) by adding2.095m to the GRS1980elevation§ and
waverunup(a definingmeasurdor duneerosion)wasalsocalculated. Total waterlevels(TWL)
weresuperimposeon the crosssectionabprofilesto determinghe frequencyof erosivewaterlevels
thatexceededhe beachdunejunction. A bivariatecorrelationwasalsoperformedbetweemmonthly
observedvaterlevelsandavailableclimatevariability indices(MEI, NOI, PDO)to examinethe
strengthof sharedvarianceusingP e a r rodud@MomentCoefficient(r). Rebuildingpotentialwas
estimatedhroughanalysisof thewind regimecompetento transportbeachsandusingWWRPLOT
View andcalculationof sedimentransporipotentiaf.

Results

To date,repeatopograhic profileshaveshowngeneralkeasonathangege.g.,build up of the beach
summerprofile). Longertermmonitoringshouldbe morerevealingof contemporaryrends.Monthly
full topographicsurveyswill revealquantitativedataon volumetricchangesandmorphological
responsewithin the beachdunecomplexandderivedvalues(e.g.,sandflux) mayalsobe correlated
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to climatic variability indices.Airphoto analysisshowsthat WickaninnishBeachis progradingat a
rateof 0.2m yr* overthe periodof 1973-2007and,duringthis time, opendunesandsurfaceextent
declinedby 27.8%indicatingstabilizationby vegetationThe NOI showedthe strongessignificant
relationshipwith bothregionalmonthlymean(r = -0.346)andmaximumobservedvaterlevels(r=-
0.185).Erosivewaterlevelsarereachedt.3a”. Analysisof thewind recordrevealeda bimodalwind
regime,with WNW winds predominantn the summemonthsandSE winds predominantn the
winter months Sandtransportpotentialwas59871.22n°m™ andresutant aeoliansandtransport
potentialwas19383.31m’m™ overa periodof 9434hours.

Discussion and conclusion

TheWickaninnishdunesarealignedwith predominantWVNW summeiwinds. This alignmentis likely
dueto boththe shorelineorientationat Wickaninnishanda higherwinter aeoliantransporthreshold
resultingfrom increasedrecipitation While thebeachis erodedannuallyin responseo high water
level eventsthe historicalairphotorecordhasshowna trendof shorelineprogradationThis canbe
attributedto regionaltectonicuplift. In addition,the calculatedaeoliansedimentransporipotentialis
high (59871.22m*m™) andcould supportrapid dunerebuildingandpossibleprogradatiorovertime.
This suggestshattherisk of beachduneecoystemlossdueto erosionis low, providedonshoresand
supplydoesnot decreasappreciablyHowever,stabilizationtrendsandinvasionby Ammophila
arenariathreaterthe beachdunemorphodynamicandecosystenintegrity. In addition,erosive
eventswill continueto posechallengegor managingoarkinfrastructure particularlywith increasing
climatic variability trendsandidentifiedlinkagesto regionalmeanandmaximumobservedvater
levels.

ThroughcorrelationsbetweenwaterlevelsandNOI, ENSOwas shownto havethe strongest
relationship(negative)with bothmeanandmaximummonthly observedvaterlevels.This suggests
thatthe extratropical effectsof ENSOarereceivedn theregion.In particular,negativeNOI values
(El Nifio conditions)mayforce high watereventsand,thereforejn strongEl Nifio years PRNPRcan
expectmoreextremewaterlevel events Whethetthis relateso regionallyamplified waterlevelsdue
to thermalexpansioreffects,or changesn the waveclimate,remainsto be explaed.

Key words
beachdune,erosion climatevariability, geoindicators

Literature cited

1. HeathfieldD. 2009.Drift log debris,foredunemorphodynamicsandstabilization:WickaninnishBay, British Columbia.Directedstudies
report,Universityof Victoria, Victoria, 38 pp.

2. WolynecL. 2004.Improving modelconstraintdor verticaldeformatioracrosghe northernCascadianargin.Mastersthesis,University
of Victoria, Victoria, 148pp.

3. Walker1J, SydneysmittR. 2008.British Columbia.ln DS Lemmen, F Warren,E Bush,andJ Lacroix (Eds),Fromimpactsto adaptation:
Canaddn achangingclimate2007(329-386 pp.). Ottawa:Governmenbf Canada

4. PersonatommunicationPennySinnot,CanadiarHydrographicSurvey,19 October2009

5.RuggerioP, Koma PD, McDougalWG, MarraJJ,BeachRA. 2001.Waverunup,extremewaterlevelsandthe erosionof properties
backingbeachesJournalof CoastaResearcii7 (2): 407-419

6. ArensSM, SlingsQ, deVries CN. 2004.Mobility of aremobilisedparabolicdunein KennemerlandThe NetherlandsGeomorphology
59:175188

26



The First Barkley Sound Knowledge Symposium:Sessions and Extended Abstracts

EXPLORINGHEFEASIBILITYOFWIZARDISLETASAN INDICATORDOFROCKYNTERTIDAL
COMMUNITIESN BARKLEYSOUND

QLAUDIAJ.Y CHANL, EMMA M. KENNEDY, VANESSAV. SERVICE

Universityof Calgary, Canada cjychan@ucalgary.ca?Universityof Victoria , Canada,
emmamkennedy@gmail.cotliniversityof Victoria, Canadayservice@uvic.ca.

Summary

Time seriesdatasuchasthosecollectedon Wizardlslet, in the DeerGrouplslandsin Barkley Sound,
canbeusefulfor monitoringlarge,long-termimpactsandintertidal communityresponseo
anthropogenieffects,andmayalsobevaluablein the establishmentf reservesandmarineprotected
areaqGillman, 2006).By investigatingheintertidalcommunitiesn compaablelocationswithin
BarkleySoundwe evaluatedhei s | gotehtiasiseasanindicatorrepresentinghe habitatsn this
areaAfter samplingDixon Island,Aguilar Point,andoneof the Rosslsletsusingprotocolconsistent
with thatusedon WizardIslet,our resultsrevealedsignificantdifferencesn speciesomposition
amongsites.In light of thesedifferenceswe cannotconcludethattheintertidalcommunityof Wizard
Isletis sufficiently representativef Barkley Soundasa wholeto serveasa generalndicatorof the
biologicalcommunitiedn theregion,thoughobservedong termchangest Wizard Islet mayhave
valueby itself. We recommendnoredetailedcharacterizatiomf individual locationsto obtain
accuratenformationaboutthe variability of responseto climateandoceanographigariability in
Barkley Soundandthebroademregion.

Methods or mode of knowledge

Time seriesdatahasbeencollectedfor Wizardl s | ietdrtidlalsystenmsince1997(Cowanetal.,
1997).For comparisorpurposesthreeotherlocations Dixon Island,Aguilar Point,andoneof the
Rosslslets,weresampledn a mannerconsistentvith thetime-seriesprotocolusedon Wizardlslet.
Small(0.25mx0.25mpandlarge(0.5mx0.5m)quadratsvereusedto samplefive transetspersite.We
recordedpercentcoverof algaeandsessilénvertebrategandenumeratedour specieof motile
invertebratesRelativewaveexposurenformationwascollectedusinga LifeSaversTMcandytest.
Multidimensionalscaling(MDS) andanalysisof similarity (ANOSIM) testswererunin Primerto
assessimilaritiesbetweertidal heightsandsites.

Results or observations

Speciessompositionof both sessileandmotile biotadiffered significantlyamongall sites.Several
majortrendsin the greatesspeciesontributorgo dissimilaritywereconsistentith literature
findingson exposurdrends(Bell, 1997; Ackerman& Nishizaki,2004;Helmuth& Denny,2003;
Gilman,2006;Jonssoretal., 2006;Paine1987;Lubchenco1983).No significantdifferences
betweerexposureat Ross Aguilar, andWizardwerefound, althoughDixon wassignificantly higher
thanRossandAgulair.

Discussion and conclusion
Ourresultsindicatesignificantdifferencedn speciecompositionamongthe sitesat Wizardlslet,

Rosslslet, Aguilar Point,andDixon Island.Dueto thesedifferenceswe cannotconcludethatthe
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intertidalcommunityof WizardIsletis sufficiently representativef Barkley Soundto be usedasa
generaindicatorfor the communitycompositionyesponseto stressorgndvariability in theregion.
However,it shouldbe notedthatthe keystonespeciedisasterochraceugthe OchreSeastar)dichot
differ in abundancamongsites;it is possiblethe ANOSIM overestimatedunctionaldissimilarities
amongsites.We suggesthatfutureresearcteffortsfocuson moredetailedcharacterizatiowf the
areaandanalyzethe speciedataobtainedfrom different perspectivedor example adjustingfor
keystoneness.

Key words
waveexposurel.ifeSaversTMtest,Rosslslets, Dixon Island,Aguilar Point
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MONITORINGCRITICALFISHHABITAT: EELGRAS3ND FORAGEISHSPAWNIN@EACHES
IN BARKLEYSOUND

RaMONAC.DE GRAAF

!BamfieldMarine Scienceentre,Public EducationProgram,100 PachenaRoad,Bamfield, BC, VOR1BO,
Canadardegraaf@bms.bc.ca

Summary

EelgrassZosteramaring, is atthe baseof anextremelyproductivenearshorecosyster Eelgrass
providesa critical habitatfor fish, invertebrateshirds,andmammals. Seagrashabitatswvorldwide
aremonitoredasindicatorsof marineecosystenmealth.Eelgrasgprovidesanessetial spawning
habitatfor herring.Many speciegoundwithin eelgrassneadowdactor significantlyin ourlocal
economiesswell asthe socialandspiritualwell-beingof coastakcommunities.

Certainintertidal sandy/gravebeachesrecritical spawninghabitatfor beachspawningforagefish
speciedPacific sandlance,surf smeltandcapelirt. Foragefish speciesarecritical to ecosystem

28



The First Barkley Sound Knowledge Symposium:Sessions and Extended Abstracts

functior’. Successfullyebuildingendangeregopulationsandlocal salmonstocksmayrely, in part,
to protectinglocal foragefish stocksandtheir critical spawninghabitats.

TheHuu-ay-aht/BamfieldEelgrassStewardshiprogram(HBESP)wasinitiatedin 2002. The HBESP
mapsandmonitorseelgrasdedsin Barkley Sound.The programhasexpandedo includemonitoring
and mappingintertidalforagefish spawninghabitats.

Methods or mode of knowledge

Eelgrasdbedsaremappedy usingdiversandanunderwatecameraEelgrasplantdensity,length
andwidth measurementgrealsotaken.Dataarehousedn the BC Eelgrassitlas housednthe
CommunityMappingNetwork. Fishdiversity data,collectedin the summerandfall, areobtained
usingabeachseine A total of eighteelgrasbedsaremonitoredin a 2-yearrotation.Recently the
programhasexpandedo includemonitoting for the eelgrassvastingdisease.

Results

Eelgrasdbedswereinitially mappedwithin afour-kilometerradiusof the Bamfield Marine Sciences
Centre.The programhasbeenexpandedndeelgrasdedshavebeenmappedalongthe coastlineof
the Saritawatershecindthe DeerGrouplslands.

Throughthe Bamfield Marine SciencesCentreuniversityprogram severalundergradateniversity
studenthavecontributedprojectsto the programto assistwith understandingelgras$ealthandfish
communities.

Discussion and conclusion

Major commerciafish stockshavedeclinedthroughouthe Barkley Soundregion.Thesefisheries
havehistorically beenimportantto the culturalandeconomicstability of boththe Huu-ay-aht First
Nationandthefishing communityof Bamfield. As a majorcomponentf the nearshorecosystem,
impairmentof eelgrassystemshasfar reachingeffectson the healthandproductivity of marine
environments.

Since2002,The Huuw-ay-ahtBamfield EelgrassStewardshigProgramhascollectedvaluablebaseline
data.With the expansiorof the programto includeadditionalforagefish speciespawninghabitats
(surf smeltandPacificsandlance) the monitoringprogramwill continueto contributevaluable
biologicaldataneededor oceanzoneplannirg.

Key words
EelgrassBarkley Sound Huu-ay-aht, foragefish, surf smelt,Pacific sandlance herring,salmon,
communitymappingnetwork.
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THE SIGNIFICANCBFORALHISTORIE®FTHE 1700 CASCADIAEARTHQUAKE

STEVENA.M. EARLE

'Earth ScienceDepartmentVancouveisland University,Nanaimo ,Canada steven.earle@viu.ca

Summary

TheJanuary26 1700Cascadid&arthquakéM~8.5) wasonly directly withessedy First Nations
peopleandalthoughthereareno first-handwritten accountsf its physicalor humanimpact,we have
transcriptsof two importantoral historiesfrom Vancouversland,onefromtheQu 6 w u {Coéastu n
Salish)of the CowichanValley ared, andonefrom the Huu ay aht (Nuu ChahNuulth) of the Barkley
Sowndared. Theseoral historiesaredescribedandinterpretedn the contextof our modern
knowledgeof this majorearthquaké& basedon physicalevidenceobtainedirom varioussitesalong
the coastfrom Vancouvenslandto Oregor® andtheyproveto beremarkably accurateaccountf

the eventsof 310yearsago. The potentialimpactsof future subductiorrelatedearthquakesnthe
Barkley Soundregionarediscussedh light of thisindigenousknowledge.

Methods or mode of knowledge

First Nationsoral histolieshavebeeninterpretedn light of our existingknowledgeof the 1700
Cascadi&arthquakeknowledgethathasbeenderivedfrom sedimentologicaldendrochronological,
seismologicalgeophysicaandoceanographicavidencegatheredilongthe westerncoast of North
Americaandin Japanandfrom anunderstandingf the platesandplatemotionsof this region.

Results or observations

First Nationsaccountd storiesthatpassedhroughalmost300yearsof generatiorto generatiororal
transmissiod provideusefulinformationaboutthe 1700Cascadid&arthquake.Basedon our current
understandingf this earthquaketheseaccountappearo be highly crediblein respecbf thetiming
of the earthquakenddurationof its aftershocksthetime lapsebetweertheinitial shockandthe
arrival of thefirst tsunamiwaveandthedestructivenessf thetsunamiwaves. Theyprovidea
perspectivaéhatwe haveno otherway to acquire.

Discussion and conclusion

Thewestcoastof North America,from Oregonto southerrBritish Columbia,is subjectto large
subductiorrelatedearthquakesandalthoughwe cannotpredictthetiming of the nextone,the
likelihood of its occurrenceéncreasesvith eachpassingyear.Scientificknowledgeof earthquakes
andtsunamishelpsusto prepardor the nextone,but only first-handaccountcanbring homethe
reality of their destructivenessNot only do thetwo oral historiesdescribechereprovidea unique
perspectiveonthe 1700earthquaketheir credibility demonstratethatsuchaccountscanbe a useful
adjunctto directobservationgn manyfields.

Key words
1700 Cascadia Earthquake, tsunami, oral histories, Coast SalisigHatNulth
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FISH SHELLFISHCOMMUNITYSTRUCTUREN BARKLEYSOUND
CAIHONGFU!, DENNISRUTHERFORBD

Pacific Biological Station,Address:3190Hammand Bay Road,Nanaimo,BC, V9T 6N7.Canada,e-mail:
caihong.fu@dfempo.gc.ca® Pacific Biological Station,Address:3190HammondBay Road,Nanaimo,BC,
VIT6N7.Canadae-mail: dennis.rutherford@dfenpo.gc.ca

Summary

Theunderstandingf fish communitystructureis anessentiatomponentf ecosystenbasedisheries
managemert, 2]. For the purpose®f ecosystenmodeling fisheriesmanagemengndstodk assessment,
fisheryindependentrawl surveysareoftenconductedyhich usuallyresultin complexbodiesof biotic and
environmentatlata. Thesecomplexmulti-dimensionaldatarequireeffectiveanalyticalapproaches orderfor
thedistributionalpattensandinter-specied speciesenvironmentelationshipgo beextractedln this study,we
applieda practicalmultivariateanalysisstrategy{3] to the datafrom shrimpresearchrawl surveysconductedn
the Barkley Soundfrom 19982008soasto undersandhow the fish/shellfishcommunitydiffered spatiallyand
temporally,howthesechangesverelinked to certainenvironmental/ariables aswell asspecieso-occurrence
andpotentialinterspeciesnteractions

Methods or mode of knowledge

Theshrimpresearclsurveyshavecarriedout427towsoverall theyearsandhaveresultedin 66 species/groups
thathavebeenrecordecat leastonce.The startingpoint for the multivariateanalysess the conceptof similarity
betweerany pair of towsin termsof the fish/shellfishcommunity.Bray-Curtis Similaritieson the squareroot
transformediomasgdataof the 66 speciesverecalculatedbetweereverypair of tows,andtwo towswere
consideregerfectlysimilar only if theycontainthe samespeciesn exactlythe samebiomassThesimilarities
weredisplayedon two -dimensionaplotsthroughnon-metric Multi-dimensionalScaling(MDS) providedin
PRIMERV. 6 [4]. Thetwo-way nestedAnalysisof similarities(ANOSIM) wasusedto testfor the degreeof
dissimilarity betweeryearsanddepthstrata,andRELATE for testingspatialandtemporalseriation.The BEST
routinewasappliedto narrowdownthe completespeciedist to afewerspeciegshatwouldii b eesxtp | thei n 0
patternof thefull assemblagefer aidingto exgain causalitybetweerbiotaandenvironmentMDS on41
specieswith frequencyof occurrencdeinggreaterthan4% wasconductedor inferring specieso-occurrence
andinterspeciegnteractions.

Results or observations

Multivariate analyseshowedthatbiotic differencesetweeradjacentlepthstrata(< 75,75-125,> 125m)
weremuchgreaterthandifferenceshetweeradjacentyears. Biota showedsignificantspatialseriation,i.e.,
adjacentow stationgtendedto havemoresimilar communitystructure There wasalsostrongtemporal
seriationwith the communitystructurediffering from thatof 1998graduallyfurtherasthetime progressedo
2004,however thereappearedo be aturn-aroundin 2005.The smallestpossiblesubsebf eightspecies/groups
(Eelpouts,Eulachon Flatheadsole,Pacifichake,Sidestripeshrimp, Slendersole, Smelts,and Smoothpink
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shrimp)wereidentifiedto be theinfluential oneswhoseBray-Curtis similarity matrix correlatedat with the
similarity matrix for the full setof 66 species.Thesespeciedendedio dominatein differentareas.

Discussion and conclusion

Thesemultivariateanalyseselpedusto understandhow thefish/shellfishcommunitydiffered spatiallyand
overtime, howthesechangesverelinked to certainenvirormentalvariablesandhow specieso-occurredand
potentiallyinteracted Suchknowledgeis invaluablefor ecosysterbasedntegratednanagementf the Barkley
Sound.

Key words
Fish/shellfishcommunity,multivariateanalysesspatial/temporaseriation specieso-occurrence.
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FOSSIIDIATOMSASINDICATOR®FPASTHYDROLOGICAAND CLIMATEVARIABILITYIN
BARKLEYSOUND BRITISHCOLUMBIA

MURRAYB.HAY:, REINHARDPIENITZ,

!DépartementlesScience$iumainesUniversitédu Québec Chicoutimi,555boulevard del'Université,
Chicoutimi,Québeds7H 2B1 CANADA Murray_Hay@ugac.c&AquaticPaleoecology aboratory,
Départementlegéographiest Centred 6 ® t nordiguesUniversitéLaval, QuébecQuébeds1V 0AB,
CANADA Reinhard.Pienitz@cen.ulaval.ca

Summary

Diatomsaresinglecelledsiliceousalgaeforming the baseof the marinefood chainalongtemperate
coasts. Sensitiveto environmentatonditions the abundancandcompositionof thefossil diatom
assemblagegreservedn the coastakedimentecordallows usto reconstrucpastenvironmental
conditions.Coastainletsrepresenaninterfacebetweermarineandterrestrialsystemsandactas
excellentsitesfor the analysisof pastenvironmentsyia a paleoenvironmentalpproact.In
Effinghaminlet, asmall fjord within Barkley Sound fossil diatomassemblageasnalyzedrom the
sedimentecordsuggeshighly variableoceanclimateconditionsoverthelastmillennia® Ourresults
suggesthatspringhydrologicconditionssince1950AD differ from the prevous 1500years with
the earlierrecordssuggesting mixed springdischargeegimeof rainandsnowmeltsourcesas
opposedo therainfall dominantregimeof thelast60 years® Furthermorethe sudderappearancef
fi n e diabomspeciesn the sedimentecordwithin thelast500yearshintsataregionalshiftin
environmentatonditions?
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Methods or mode of knowledge

A boxandKastencorewerecollectedfrom theinnerbasinof Effinghaminlet andsediment
subsamplegvereanalyzedor diatomassemblage Chronologicakontrolwasconstrainedy adozen
radiocarbordatesyarvecounts aswell aslead210andcesium137 datingmethods.

Results or observations

Abruptshiftsin diatomabundanc@ndcompositionwerenotedalongthe 1500yearrecord.
Assenblagesreflectingtypical marinespringbloomconditionswereoccasionallyreplacedy
brackishwaterdiatoms.Multiple linesof evidencesuggesthesebrackishconditionsreflecta greater
freshwateinputinto Effinghaminlet atthetime, likely relatedto greatersnowmeltin the watershed.
Threediatomtaxaemergedasmajorcomponent®f the microflorain theinlet overthelast500years.
Thesespeciehadonly avery sporadicoccurrencendminimal abundanceverthe previous4500
years.

Discussion aml conclusion

Effinghaminlet representan excellentarchiveof changesn regionaloceanographiandclimatic
conditions®>® Diatomanalysesevealthatlate 20" centuryfreshwateiinputinto Effinghaminlet was
reducedelativeto the previous1500years likely relatedto a reducedsnowpackwithin the
watershedT his reducedspringdischargdavouredgreaterspringdiatomproductionandfewer
bottomwaterrenewalevents Thepastmillenniumwasmarkedby abruptshiftsin hydrological
conditionsandmarineconditions.Superimposedn this variability wasthe appearancef three
diatomspecieghatbecamamnajorcomponent®f the moderndiatomflora. Althoughappearingasa
sudderbloomof introducedi e x ospeciesanalysisof 5000yearsof sedimentecordshowsthat
thesespeciesveresporadicallypresenin Effinghaminletin the pastalthoughconditionsapparently
favouredneithertheir establishmenhor dominanceTheir recentestablishmenivould suggesa
changean theregionalmarineconditions however thereareno clearpatterneemergingfrom the
sedimentecord.Futurestudieswill exploretheregionalspatialandtemporalscaleof thesespecies
appearanceandpursueregionalreconstructionsf pastchangesn marineconditionsoverthelast
millennium.

Key words
diatoms hydrology,paleoenvironmentsedimentsclimate
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ANEWSPECIE®FTHE GENUSTETHYA(PORIFERADEMOSPONGIAEFROMBARKLEY
SOUNDR VANCOUVERSLAND CANADA®

ISABELHEIM1 & MICHAELNICKEL2

Friedrich-Schiller-UniversitatJena,lInstitut fir SpezielleZoologieund Evolutionsbiologiemit
PhyletischemMuseum Erbertstr. 1, D-07743Jena,Germany;'e-mail: isabel.heim@unjena.de;
2e-mail: m.nickel@ui-jena.de

Summary

Sponge®f thegenusTethya (Porifera,Demospongiaeiladromeridaprerepresenteh all seas,
with a strongspeciesecordfrom tropical waters.For the Pacific coastof North Americaonly one
speciess presentlydescribedTethyacaliforniana de Laubenfelsl932[1], whichis commonin
the shallowwatersof SouthernCalifornian.Originally describedasTethyaaurantia var.
californiana, it wasredescribedn 1993by SaraandCorreiroasavalid specieq2]. Herewe report
thefinding of anewspeciedrom the North-AmericanPacificarea:Tethyasp.nov.* from Barkley
SoundnearBamfield, British Columbia,CanadaTo our knowledgeit is thefirst newspongespecies
describedrom atypelocality within Barkley Sound.

*This abstract/posteis not issuedfor any purposeof zoologicalnomenclature.A detailed
speciegdescriptionis presentlyin revisionin Zootaxa.

Methods

Specimen®f Tethyasp.werecollectedby Sally P. Leys(EdmontonBC) in the shallowinfralittoral
(10- 25m depth)nearOhiatislet( 4 8 A5 1N, 3 2 B A ® & ANG. TytdedoinéOxidaseSubunit
I mtDNA gene(COI) wasamplified,sequencedndcomparedo T. californiana COI (AY561978)
andotherspeciesn a phylogenetianalysigPAUP,MrBayes,RAXML) [3, 4]. Themorplology of
both speciesvasqualitativelyandmorphometricallyanalyzedusinglight/scanningelectron
microscopy{4] aswell asx-ray-microtomographyndvirtual 3D reconstructior5-7].

Results

COl analysisshowsthat Tethyasp.nov from Barkley Soundis closelyrelatedto T. californiana.
Nucleotideandtranslatechasequencediffer by 4bp,respectively2 aa(0.93%).Morphologically
both speciesaresimilarin externalmorphology(globularshaperedto orangecolor, sizeupto 12 cm,
occasionallfarger) Tethyasp.novdiffersfrom T. californiana in thefollowing characters:
surfaceconulosenonalveolarmassivecortexdominatedoy anextremelydensanegaster
accumulationthe morphometriovaluesof the megastersliffer betweerthetwo speciesandthe
oxyspherastenarelydisplaybentrays.

Discussion and conclusion

Thegeneticdistanceof the CO1sequencesf Tethyasp.nov.andT. californiana equalsthe
distanceamongotherspecief thegenus.The morphologicakimilaritiesareonly superficial with
thebodyshapeepresenting plesiomorphicharacteandcolor aswell assize.Many morphological
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character¢SEM andx-ray microtomographyf spicules/skeletontructuresplsosuggesthatit is a
valid newspecies.

At presenthe manuscripformdly describingandnamingthe speciess underfinal editorialrevision.
It will be namedafterthecollector,whois arenownedCanadiarspongescientist.To our knowledge,
it is thefirst spongespeciesiescribedrom Barkley Sound.
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(GLASSSPONGESAKEADVANTAGEOFCURRENTINDUCEDFLOW

LEYS SR, GYAHEL24, M REIDENBACH, V. TUNNICLIFFE, HM REIswI&

! Departmenof Biology, Universty of Alberta,e-mail: sleys@ualberta.c& Maritime Institute, MichmoratIsrael, e-mail
yaheI@Rupin.ac.;iI3 Departmenbf EnvironmentalScienceniversityof Virginia, e-mail; reidenbach@virginia.edﬁ
Biology DepartmentUniversityof Victoria, e-mail: verenat@uvic.cahreisw@uvic.ca

Summary

Flow throughspongegPorifera)is thoughtto beenhancedby ambientcurrentduetoBem o u | | i 0 s
principal, pressurdifferential, viscosityentrainmentsor a combinationof thethreemechanisms.

V 0 g edstofshis phenomenosuggestethatcurrentaugmentedby fanninglive andinactivated

(killed in freshwaterspongesncreasedheflow throughthe spongeGlassspongesreanideal
subjectwith which to re-examinethe hypothesisindividualsarelarge(up to 1mtall), chaliceshaped
animalswith a cavernoustrial cavity anda bodywall lessthan1cmthick thathousedheflagellated
chambersHexactinellids aloneamongspongescaninstantlyarresttheir feedingcurrent;suchexact
controloverthefeedingcurrentseemsounterintuitive to a systembasedn passivelow.
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We foundthatwhile glassspongesio pumpandcancontroltheir flow by arrestingthe pump,they
canalsotakeadvantag®f passivelow.

Methods

We usedAccousticDopplerVelocimeter§ ADVs) to measurdlow velocitiesfrom glassspongesand
ambientwateratl65mdepthatthe FrasemRidgespongereefin the Straitof Georgia,andcarriedout
in tankexperimentaisingADVs in aflow flume, locatedat Bamfield Marine Science<entre using
specimengollectedfrom Barkley Sound Estimatedlow throughthe spongdfiltration systemwas
calculatedrom measurementsiadefrom scanningelectronmicrographs.

Results

Weeklongin situ ADV recordsllustratedthatexcurrentflow correspondetb local tidal rhythms
(measuredvith a nearbycurrentprofiler). Ambientvelocitiesabove25cm/scorrespondetb
excurrentvelocity of approximatelybcm/s.Flow tankmeasurementsith live andkilled sponges
confirmedthat Aphrocallistesrastuspumpsat 1-5cm/sandthatanincreasan ambientflow to 20cm/s
generated smallincreasan flow out of the spongeln bothexperimentsthe spangepumping
patternoccasionallydeviatedfrom theambientflow suggestingt is ableto controlpumping
irrespectiveof ambientflow. Theeffectivevelocity of wateracrosghe collar microvilli was
estimatedo be 0.6um/satanaxial velocity of 1cm/s,and 2.8um/sat anaxial excurrentvelocity of
5cm/ssuggestinghata smallincreasen excurrentvelocity translatesnto substantiaincreasén
waterprocessetby the sponge.

Discussion

Ourresultssuggesthatwhile glassspongegancontroltheir excurrentflow velocities,theycanand
do alsotakeadvantag®f inducedcurrent.We arepresentlymodelingthe flow throughtheaquiferous
systenof the glassandothersponges.

OBSERVINGUSPENSIOREEDERERAZEANEPTUNEOBSERVATORN 3D
SALLYP.LEYS, ASONGEDGE, YEEHONGYANGE, ONATHANLEE3, KEITH SHEPHERB.

'Departmenof Biological SciencesUniversityof Alberta, Canada;e-mail: sleys@ualberta.c&Departmenof
ComputingSciencelniversityof Alberta, Canada,e-mail: gedge@cs.ualberta.gang@cs.ualberta.ca
®Highland Technologis Inc, Sidney BC, Canada,lee@highlanetech.ca shepherd@ropos.cam

Summary

Grazingby suspensioffieedinganimalshasbeenshownto havea massivampacton the overlying
bodiesof water,both by depletingit of micro andpicoplanktonbutin alsorecyclingcarbonand
nitrogeneitheraslargersizedfecalpelletsthatotheranimalscanconsumepr asCO, andammonium
which arere-circulatedto surfacewatersprovidingnutrientsfor plankton.In Barkley Sound glass
sponge&ndtunicatesareabundanbnfjord walls andcontributesubstantiallyto the carbonturnover
(Yaheletal, 2007). Despitetargetingsimilar food sourcesspongesandtunicateshavevery different
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morphologiesandphysiologiesandhavehadto developdistinctmechanismsor extractingfood and
for copingwith the largeamountof lithic material(clays)in coastalwater.

Thereis evidencehatbothspongesndtunicatescanquickly detectandrespondo minutechanges
in pressurdoy arrestingtheir feedingcurrent.Pressurehangesnay signalturbulenceoringingin
uncleanwater.In tunicatessmall hair-cell strucures(coronalorgans)areimplicatedas
mechanosensomngceptorsPrimarycilia on epithelialcells of demospongesiay havethe same
function,andalthoughsimilar structuresarenot yetknownin glassspongestheytoo respondo
vibration passedhroughthe water.

We took advantagef the opportunitypresentedy NEPTUNEto developa 3D camerdor observing
thetime-lapsedbehaviorof tunicatesandspongesn situ. With NEPTUNEandHighland
Technologiesve havemadea 3D camerahatwill allow calculaton of minutechangesn volumeof
animalsasa proxy for behaviouraresponseto changesn the environmentVolume datawill be
correlatedwith reaktime recordingsof current,pressuretemperatureljght andturbidity data
providedby instrumentsatthe NEPTUNEFolgerNode.

Methods

The 3D cameraconsistof 8,5 megapixelb Gr a s s hdigjtapcame@dhountedn watertight
housingsandcontrolledby a dedicatedsolid statecomputer.The camerasremountedn asemi
circle suchthateachseesa differentsideof the organismin housesoftwaredevelopedatthe U of
Albertacalculatesevenmoreviews not seenby anyof the camerasandproducesa single3
dimensionalmage.The 3D imageswill allow usto estimateanapproximatesolumeof theanimalin
everyimageandcorrelateminutebehaviourathangesvith ambientpressureturbidity andcurrent
recordedoy adjaceninstrumentsTheturbid environmenbof Barkley Soundaddschallengeo the
computingaspect®f this project. The abovesystermwill be permanentlydeployedatthe FolgerNode
of the NEPTUNEobservatonat the entrancdo Barkley Soundandbeaccessibl@nline.

Discussion

Underwateimagingin 3D hasrecentlybeenusedto monitorcoralsonthe GreatBarrier Reef.Thisis
thefirst expermentin 3D imagingin temperatdurbid watersandis expectedo providevaluabledata
for softwaredevelopmenfor imagingunderwater.

Key words
Imaging;3D; NEPTUNE;suspensiofeeding;tunicatesspongesQbservatory.
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ARCHAEOLOGICAEVIDENCEDFA POSSIBLEPALEG TSUNAMIAT THE TLGADIIWA
VILLAGE WESTCOASTTRAIL, PACIFICRIM NATIONALPARKRESERVE

|AIN MCKECHNIE

!|_aboratoryof ArchaeologyUniversityof British Columbia.Email: ii@interchange.ubc.ca

Summary

Huu-ay-ahtandDitidaht First Nationson the southwestoastof Vancouverslandhavenumerous
oral historicalaccountsiescribingseveregeologicaleventsin theancientpast(i.e., megathrust
earthquakegsunamis|andslides)® Despitethe potentialfor sucheventsto leavedistincttracesin
thearchaeologicalecord (especiallyin this geologicallyactiveregion),few archaeologicabtudies
havediscussedherelationshipbetweerspecificanomaloustratigraphidayersandancienttsunami
event$. This presentatiowill discussresultsfrom a 2007 archaeologicaéxcavatiorconductedalong
thelower Klanawarivermoutht, anexposedlluvial spit on the WestCoastTrail.

Methods
With the supportof representativeBom ParksCanadathe Huu-ay-aht,andthe Ditidaht First
Nations,the autror conductedarchaeologicaéxcavationstthetraditionallynamedT | 6 aa di i wa

village (Site 39T/DeSf6). This mitigative archaeologicaprojectwasundertakerprior to the
installationof replacementootingsfor the Klanawacablebridgewhich hadbeendanmagedduringthe
January2007windstorm.

Results

Three50x80cm excavatiorunitswereplacedin arow parallelingtheriver approximatelysm above
hightide line. Excavationsincovered seriesof highly stratifiedprecontactulturallayers.Below
thesedepositswasa massivg~40-70 cm) layer of mottledbeachsandcontainingsparseounded
cobblesandminimal culturalmaterial. Anotherlayer of culturaldepositsvaspresenbelowthis
massivesandlayer (~170-190cm). Preliminaryanalysisof diatomspreset in thesandindicatea
marineorigin andradiocarbordatesindicatethis areaof the village wasabandonedor several
hundredyearsbeforereoccupation.

Discussion and conclusion

This presentationwill considemultiple hypothesesvhich explainthe stratigraphicanomalyand
explorethe potentialsignificancethis recordhasfor understandinghe cultural history of this ancient
village andregion.
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PROTECTEMAREASAND POVERTYREDUCTIONA CANADAAFRICARESEARCHAND
LEARNINGALLIANCE

GRANTMURRAY, LESLIEA.KING!

'vancouvetsland University, Institutefor CoastalResearch

Summary

This postempresntstheresearctprogram:ProtectedAreasandPovertyReduction A Canadafrica Researctand
LearningAlliance fundedunderthe SSHRC/IDRClInternationalCommunityUniversity Researctilliance. It is
relevantto the Barkley SoundKnowledgeSymposiuntor severalreasonsprimarily its focuson Knowledge
Mobilization andthe geographicafocuson the WestCoastof Vancouveisland, Tla-o-qui-aht Tribal Parksand
PacificRim NationalPark.The projectis in its first yearsowe shallnot be presentindindings but ratheroutlining
the purposeandobjectivesof theresearctandtheresearctplan. The purposeof theresearchs to addresshallenges
of reducingrural povertyandensuringenvironmentakustainabilitypy focusingon protectedareasandtheir adjaent
communitiesn thethreecountrieg(CanadaGhanaand Tanzania).The four themesof theresearctare:Governance,
Humanwildlife InteractionsCosts/Benefit®f ProtectedAreasandKnowledgeMobilization. Theresearchs being
undertakerby 17 partnersn Educationalnstitutions(VancouverslandUniversity, University of Victoria, Guelph
University, SunyaniPolytechnicandKwameNkrumahUniversitiesin Ghanaandthe Collegeof African Wildlife
Managemenin Tanzania)N G O §Ta-o-qui-ahtFirst Nations Tribal Parks CPAWS, ClayoquotField Station,
NatureConservatiorResearctCenterand Geosand&nterprisesGhanaandthe KeshoTrustin Tanzaniagnd
Governmen®gencies(Departmenbdf FisheriesandOceansindPacificRim NationalParkReserveof Canad,
TanzaniaWildlife Researchnstitute,SerengetDistrict Council, TanzaniaGhanawildlife Division, BrongAhafo
RegionalCoordinatingCouncil, Ghana) We hopeto stimulatediscussioron therole of protectedareasn
developmenandlivelihoodsandeffectivewaysto mobilize knowledgegeneratedby the projectto improvehuman
andcommunitywell-being.

Methods or mode of knowledge

Thisis afive yearprojectinvolving researcherstudentsandpracticionerdrom the threecountries CanadaGhana
andTanzanialt will incorporatea varietyof waysof knowingandresearchmethodsncludingindigenous
knowledgejnterviews,focusgroups,casestudiesdocumentandliteratureanalysis.

Discussion and conclusion

As above butwe shallalsotakethe opportunity to engageparticipantsn discussiorof their researctand
observationgbouttherole of protectedareasn povertyreduction livelihood creation,anddevelopmentThis will be
aknowledgemobilizationactivity for the project.

Key words
Protetedareasdevelopmentlivelihoods,humanwildlife interactionsgovernance.
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THEDISTRIBUTIONANDABUNDANCEFKELP-DERIVEDDETRITUSOFFTHEWESTCOAST
OFVANCOUVERSLAND

BROCKRAMSHAWL, EVGENYPAKHOMOV

1Departmentf Earth and OceanSciencesUniversityof British Columbig VancouverB.C., V6T 124, Canada
E-Mail: Bramshaw@osubc.ca; 2 Departmenbf Earth and OceanSciencesUniversityof British Columbia
VancouverB.C., V6T 174, Canada E-Mail: Epakhomov@osubc.ca.

Summary

Theextirpationof seaotters(Enhydralutris) from the B.C. coastled to dramaticchangesn near
shoreecosystenstructureandfunction. By feedingon herbivoroudnvertebrateseaottersfacilitate
the establishmenandgrowth of youngkelp. Specief kelp suchasbull kelp (Nereocystisuetkeana
andsmallgiantkelp (Macrocystisintegrifolia) canform denseoreststhatarerefugesfor fish and
invertebratecommunities Thesecommunitiescanbe two to threetimesmoreproductivethanareas
without seaottersdueto the kelp-derivedcarbon(Dugginset al. 1989Y.

Living kelp canbedirectly consumedy invertebrate®r asparticulatedetritusasit decayshreaks
awayandsinksto the bottomof the ocean Dueto currentshekelp-deriveddetritusmaybe spread
overlargeareassubsidizehe dietsof organismsandincreaseproductivity outsidetheimmediate
areaWe will determinghedistributionanddietaryimportanceo zooplanktorandinvertebraesof
kelp-deriveddetritusoff thewestcoastof Vancouveisland.Thiswill be possibledueto thefactthat
differenttrophicgroupsgenerallyhavedistinctcarbonisotopevalues.

Methods or mode of knowledge

Our samplingwill takeplacein two nearshoreareasThefirst areais nearKyuquotwhereseaotters
havebeenpresenfor morethanfifteen yearsandhaswell establishedkelp forests.The seconds near
Bamfieldwhereseaottersareabsenandkelp forestsareseverelyreducedTwo replicatetransects
perpendiculato thecoastwill beestablishedrom eachnearshoreareaandwill besampledwice
eachyearfor two years.Samplingwill beconductedat0, 0.5,1, 2,4, 10 and25 km stationsfrom the
coast.At eachstationwe will collectsurfaceparticulateorganicmatter(POM) samplesand
zooplanktorandbenthiccommunitysamplesAll sampleswill beanalyzedor fatty acids,aswell as
carbonandnitrogenstableisotopevalues. Foodsourcefatty acid profilescombinedwith atwo end
membemixing modelwill beusedto determinghe original carbonsourcegpercentagef kelp- or
phytoplanktorderived).

Results or observations
Thefirst samplingtook placein July 2009andto dateno sampleavebeenanalyzed.

Discussion and conclusion

Similarresearctoff of the PrinceEdwardIslands,SouthAfrica hasproducedsignificantand
interestingresults Kaehleretal. (2000 foundthatalthoughPOM wasthe primaryfood source,

41



Bamfield Marine Sciences Centre, 911 February 2010

kelp-derivedcarbonaccountedor >30% of thenearshoreanimal®diet. In addition,Kaehleretal.
(2006Y foundthatkelp-derivedcarbonandnitrogenis animportantdietarysubsidyto benthicand
planktoncommunitiesandis notlimited in distributionto theimmediateareasurroundingkelp beds.
We expectto find similar resultsandwith the help of fatty acidandnitrogenstableisotopeanalysisto
betteridentify discretetrophiclevels.

Key words
kelp detritus,phytoplanktonstableisotopestrophic cascadesjutrientsubsidies
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SEASONAIABUNDANCEAND DISTRIBUTIONOFSTELLERSEALIONSIN " #SGOASTAL
NATIONALPARKRESERVES

WENDYR.SZANISZLO
Pacific WildLife Foundation,P.O.Box486 Ucluelet,BC, VOR3A0, Canada,e-mail: wendysza@hotmail.com

Summary

Stellersealions (Eumetopiagubatug werelistedasa Specieof SpecialConcernin 2003by the
Committeeon the Statusof EndangeredVildlife in Canadgd COSEWIC).Onelimitation to protecting
sedlionsis alack of understandingf thetype andlevel of hauloutuseby Stdler sealionsin BC. The
Departmenbf FisheriesandOceansdentified seasonatlistributionasa priority researclactionfor
speciesatrisk managemenplanning.Underthe CanadaNationalParksAct andthe Speciesat Risk
Act, ParksCanadahasresponsiblity to protectStellersealions andtheir habitatwithin its protected
areasTogetherthe Gulf Islands(GINPR),Gwaii HaanagGHNPR)andPacific Rim NationalPark
ReservegPRNPR)protecttwo rookeries gightyearroundhauloutsand17 winter hauloutsin BC.
Alarge numberof pupsandnursingfemaleshavebeenobservedn PRNPR Hauloutsandadjacent
nearshorareasusedby juvenilesandpupsareconsideredritical habitatin Alaska(RaumSuryanet.
al. 2004).Giventheratesof decliningStellerpopuktionsin the westernportion of their range,a
greaterunderstandingf Stellersealion hauloutusein BC is warranted.

The objectivesof this projectareto determineghe seasonahbundancanddistributionof Stellersea
lionsin B C &@astahatioral parksandto characterizénauloutuseby genderandageclassegpup,
juvenile,subadult,adult). Thisstudyis thefirst to investigateseasonahauloutuseby Stellersealions
in CanadaResultswill providemanagersvith informationnecessaryor managemenplanningand
speciegsecovery.
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Methods or mode of knowledge

Monthly surveyswereconductedn PRNPRbetweenJanuary2006andOctober2009.In 2008,0ne
surveyperseasomwasundertakerGHNPRandGINPR. Sealions werecountedduring surveysanda
seriesof overlappingdigital photographsveretakento laterverify countsandto identify numbersof
animalsfor eachgenderandageclass(pup,juvenile,subadultandadult). Changan abundance
betweerseasonsvasdeterminedy calculatingthe perentchangen total countsat eachsite
betweersurveys A >30%changdn thenumberor sealions at a site wasconsideredignificant.

Results or observations

Preliminaryresultsindicatea significantchangen the seasonahbundancef Stellersealionsatall
hauloutsn PRNPRandthe GINPR,andat mostparkhauloutsn GHNPR.A markedseasonal
differencein thegenderandageclasse®f hauledanimalshasalsobeenobserved.

Discussion/Conclusion

Changesn the seasonahbundanceanddistribution of Stellersealionsin BC is mostlikely linkedto
upwardforcing andthe seasonatlistributionof preyfish. This researcthowever hasnotbeen
undertakerin Canadaldentifyingthe seasonapreytargetedoy Stellersealions would help
understandher ecology,andultimatelybenefitStellersealion managemerin BC.

Key words Stellersealion, Eumetopiagubatus speciesat-risk, abundancegistribution.
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DECISIONMAKINGFORECOSYSTENERVICESVALUES PROCESBND STRUCTURE

JRANY.TAML, JORDANS.LEVINE, TERREA. SATTERFIELD, KAl M.A.CHAN!

'Institutefor ResourcesEnvironmentand Sustainability,University of British Columbia,Vancouver,
BC, Canada.

Summary

Managingsociatecologicalsystemsnvolvesissuesof bothcomgexity andlegitimacy.Thisis
especiallytrue onthe westcoastof Vancouversland,wherethere-introductionof seaotters,along
with developmenandchangindisheryregimesareliable to significantlyaffecthow peoplein the
regionareableto earnaliving. In situationdike this, in orderto arrive at acceptabl®@utcomes,
managersieedto integraterobustbiophysicalsciencewith anaccurataunderstandingf groupsand
individuals'multiple values.

Oneresponseo this challengds the emergingecosystenservicesapproachO Ec o sg et eimc e s 0
(ES)is atermandconcepiusedto describehe processesherebyecosystemsenderbenefitsto
humansAccordingto this framework,two issuesarecritical: 1) understandingndaccountingor the

beneits peoplederivefrom ecosystemsand?2) how peoplevaluethosebenefits. As botha concept
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