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INTRODUCTION 

This document is a brief outline of research approaches and strategies for addressing the 

ecosystem science components of the marine planning activities of West Coast Aquatic 

(formerly the West Coast Vancouver Island Aquatic Management Board).  It includes a listing 

and discussion of approaches, tools, and the utility of advisory teams or peer reviews, or both, for 

the successful implementation of a science program that will support the WCAs Marine Planning 

Activities through 2011.  The goal of these planning activities is the development of a 

geographically nested Integrated Ecosystem Assessment of the West Coast of Vancouver Island 

and a nested Integrated Coastal and Ocean Management Plan, including recommendations for a 

system of marine zoning in selected areas such as Barkley Sound and Clayoquot Sound.   

This document is not meant to imply that that WCA would conduct all of the approaches 

examined here, or even coordinate all of them, but it does imply that a strategic view of these 

different analyses may help guide a selection of them toward integration, and even a syntheses, 

of outcomes in ways that would aid in the conservation and human-use-planning of the coastal 

and marine ecosystems of the west coast of Vancouver Island.  Such an integration of science 

programs, whether centrally coordinated or realized through a network of research teams, could 

then lead to regional management that is integrated along dimensions of expertise, governance, 

and social systems. It would also contribute to an ecosystem-based approach in that a broad 

integration of analyses would consider interactions (and integration) amongst ecosystem 

components (biotic and abiotic) that would transcend the traditionally narrow management foci 

of isolated interests and authorities with divergent visions and missions. The purpose here is to 

compile a somewhat complete menu of analytical options so that priorities and strategies can be 

formed, but the real challenge to achieving functioning integrated management will begin with 

the identification of common visions and goals.  

This scoping document was developed with the assumption that ecosystem characteristics and 

processes relevant to the entire West Coast Vancouver Island area would be examined at that 

scale, but that Barkley and Clayoquot Sounds would be considered as demonstration areas for 

the implementation of specific science components of marine planning activities that would 

support area-based management. Existing programs and capacities in the region have been 

emphasized with the aim of integrating the results of these ongoing initiatives by partners or 

other parties into WCA planning activities.  

One example of this science capacity is demonstrated by the activities of the Pacific Rim 

National Park Reserve of Canada (PC 2008), which conducts analyses in a number of the 

categories outlined in the present scoping report.  These include simple descriptive ecosystem 

overviews, simple conceptual ecosystem modelling, ecosystem indicators identification and 

assessment, invasive species monitoring and eradication, long-term ecosystem and key species 

monitoring, species inventories, traditional ecological knowledge (developing capacity), spatial 

analyses / modelling of species and wildlife habitat distribution, and analyses of the management 
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effectiveness of ecological restoration activities. Another example is the implementation the 

Wild Salmon Policy and new ecosystem-based initiatives of Fisheries and Oceans Canada, which 

aim to supplement their existing capacities for assessing fish stocks with effectively broader 

ecosystem goals and targets. 

One idea that emerged during this scoping is for the WCA to coordinate a nested West Coast 

Vancouver Island Knowledge Network, beginning with Barkley and Clayoquot Knowledge 

Networks, and symposia to initiate those networks supported in part by science funding agencies 

including Canada‘s National Science and Engineering Research Council (NSERC) and 

interfacing with existing collaborative initiatives.  This process is expected to aid greatly in 

facilitating research and knowledge collaborations and partnerships toward the development of a 

knowledge base designed to support this planning process.  

This document is divided into three parts: (1) a menu of approaches that are available for 

application to the aquatic ecosystems of the West Coast of Vancouver Island, (2) a suggested 

strategy for how the WCA might combine these approaches into a successful science program 

for informing the planning, and (3) a discussion of options for advisory teams or peer review. 

 

MENU OF ECOSYSTEM SCIENCE APPROACHES 

The following menu resulted from an attempt to identify all of the analytical approaches that 

would be useful for understanding the West Coast of Vancouver Island ecosystem, and the 

Barkley and Clayoquot Sound ecosystems, for the purpose of providing the basis for managing 

human uses in the area.  It is likely far from complete given the number of types of analyses that 

exist, but an attempt was made to include the general types available, especially those for which 

regional expertise is available.  

 

ECOSYSTEM ASSESSMENTS AND OVERVIEWS  

ECOSYSTEM STATUS AND TRENDS REPORTS 

Canada has commissioned a set of Ecosystem Status and Trends Reports (ESTRs) for all 

ecozones in Canada, including marine zones, and these are currently in preparation.  The West 

Coast of Vancouver Island (WCVI) is one of three ecozones of Canada‘s Pacific marine region, 

along with the Strait of Georgia, and the Pacific North Coast Integrated Management Area 

(PNCIMA).  The WCVI ESTR is focused mainly on the WCVI continental shelf, and WCA‘s 

Director of Ecological Sciences is providing an external peer review of this document.   
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These reports draw heavily on the State of the Pacific Ocean reports that have been published 

annually for a decade, and can be found at (http://www.pac.dfo-

mpo.gc.ca/SCI/psarc/OSRs/Ocean_SSR_e.htm).  

 

Contacts: 

Robin Brown, Ocean Sciences Division, Institute of Ocean Sciences, Sidney, Robin.Brown@dfo-mpo.gc.ca  

 

INTEGRATED ECOSYSTEM ASSESSMENT (IEA) AND INTEGRATED MANAGEMENT PLANNING 

Integrated Ecosystem Assessment is an approach recently described by Levin et al (2009) as 

―…a framework for organizing science in order to inform decisions in marine ecosystem-based 

management (EBM) at multiple scales and across sectors.‖   They also explain that the new 

paradigm of EBM ―…differs from conventional resource management in that it defines 

management strategies for entire systems, not simply individual components of the ecosystem.‖  

These authors define a systematic five-step process for Integrated Ecosystem Assessment within 

a formal decision analysis framework to, ―…guide the process of synthesizing and analyzing 

relevant scientific information…on relevant natural and socioeconomic factors, in relation to 

specified ecosystem management objectives. It is an incremental approach, in which integrated 

scientific understanding feeds into management choices and receives feedback from changing 

ecosystem objectives. This approach involves and informs citizens, stakeholders, scientists, 

resource managers, and policy makers through formal processes that contribute to attaining the 

goals of Ecosystem Based Management.‖  It includes steps such as scoping the problem, 

selection of ecosystem indicators, vulnerability assessment, evaluation of ecosystem status, the 

implementation of management strategies, evaluation of management strategy performance, and 

adaptive modification of management actions.  Integrated Ecosystem Assessments have been 

discussed for British Columbia marine ecosystems, and this approach is evolving rapidly. 

 

DESCRIPTIVE ECOSYSTEM OVERVIEWS  

An ecosystem overview was recently conducted as part of the overall planning process for the 

Pacific North Coast Integrated Management Area (PNCIMA), an 88,000 km
2
 area that is one of 

five Large Ocean Management Areas (LOMAs) around Canada.  This overview was documented 

as a large volume (Lucas et al. 2007), which included a general ecosystem description (Perry et 

al. 2007), a summary of functional habitat use of key species (Lucas and Jamieson 2007), and 

eleven in-depth appendices on the physical and biological aspects of this area. A simpler 

example of an ecosystem overview is the State of the Parks reports produced by the Pacific Rim 

National Park Reserve of Canada (PC 2008).  The general purpose of an ecosystem overview 

could be to describe what exists, where things exist, the uniqueness and complexity of the 

http://www.pac.dfo-mpo.gc.ca/SCI/psarc/OSRs/Ocean_SSR_e.htm
http://www.pac.dfo-mpo.gc.ca/SCI/psarc/OSRs/Ocean_SSR_e.htm
mailto:Robin.Brown@dfo-mpo.gc.ca
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ecosystem, and the state or health of the ecosystem.  In the PNCIMA ecosystem overview, the 

emphasis was not on human uses and the management of those uses; such assessments and 

questions are meant to come later in the process.  

Contacts: 

Yuri Zharikov, Pacific Rim National Park Reserve, 250-726-7165, ext 228, yuri.zharikov@pc.gc.ca 

 

INTEGRATED MANAGEMENT PLANS FOR SALMON SPECIES AND OTHER KEY SPECIES 

Thomas A. Okey
1
 and Kim Hyatt

2 

1
West Coast Aquatic 

2
Fisheries and Oceans Canada, Nanaimo, B.C. 

Initiatives are emerging to develop integrated management plans for salmon species in Barkley 

and Clayoquot Sounds.  For example, a background document on what is known about 

Clayoquot Chinook salmon has been drafted (Okey in prep) as an attempt to begin understanding 

the causes of the recent declines of Clayoquot Chinook in spite of the relatively healthy 

spawning habitat in Clayoquot Sound.  Similar assessments are being conducted in Barkley 

Sound.  These initiatives are being led by Fisheries and Oceans Canada, and plans to continue 

pursuing these assessments are driven by the cultural, economic, and ecological importance of 

salmon, and especially because some salmon stocks are dwindling.  These integrated 

management plans are ecosystem-based, and will consider the interaction of salmon with all 

pertinent aspects of the broader ecosystem and thus are essentially integrated ecosystem 

assessments with a focus on Pacific salmon species.  

These initiatives are being conducted under the auspices of the Wild Salmon Policy (Irvine 2009) 

lead by Fisheries and Oceans Canada.  Strategy-3 of this policy involves the development of 

ecosystem-based management approaches to wild salmon, and a number of specific activities are 

identified for implementation in Barkley Sound as a case study as part of the Barkley Sound 

WSP- Implementation Pilot project.  This could include a useful collaboration (e.g. DFO, Parks 

Canada, WCA) around assembling an ecosystem overview assessment report (EOAR) on 

Barkley Sound ecosystems supporting wild salmon CUs. The report would include sections 

dealing with large ocean management areas (LOMAs) as well as watersheds and large aquatic 

management areas (LAMAs) that wild salmon occupy for various portions of their life history.   

Some work by Dr. Kim Hyatt and colleagues involve the development of a semi-automated 

system to profile the status of the salmon-dependent, predator-scavenger complex in the riparian 

zone of streams. In this work, infra-red camera systems and methods show promise as tools to 

support affordable and informative assessments of vertebrate megafauna (i.e. bears, pine-

martens, raccoons, cougars, deer, eagles, ravens, vultures, etc.) and their associations with 

salmon in such areas. 

Contacts: 

mailto:yuri.zharikov@pc.gc.ca
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Kim Hyatt, Ecosystem Research Scientist, Fisheries and Oceans Canada, (250) 756-7217  
 

ASSESSMENTS OF MARINE USES 

 

One recent example of assessments of marine uses was conducted for the Pacific North Coast 

Integrated Management Area (PNCIMA) (MacConnachie et al. 2007).  The spatial 

characterisation of marine uses was the same format and spatial database used to characterize 

functional habitat areas for key species in the PNCIMA (Lucas and Jamieson 2007).  An Atlas of 

the Pacific North Coast Integrated Management Area has also been produced (DFO in review). 

 

ASSESSMENTS OF MARINE ZONING POLICIES 

Work is now underway to assess the Ecosystem-Level Effects of Marine Zoning Policies in 

Gwaii Haanas by examining how marine biological communities changes in response to the 

proposed Gwaii Haanas National Marine Conservation Area Reserve (NMCAR) and current 

rockfish conservation areas (RCAs) and through targeted experiments that explore the ecological 

mechanisms underlying the ecological responses.  The goal of this research is to develop a 

strategic monitoring program that would identify and evaluate the direct and indirect effects of 

these zoning policies, and in particular explore the idea that such zoning may lead to trophic 

cascades that would cause surprising or unexpected effects, thus providing valuable insights into 

the effects and efficacy of different forms of spatial zoning in a marine ecosystem that is similar 

to Barkley and Clayoquot Sounds.  

Contact: 

Anne Salomon, SFU School of Resource and Environmental Management, anne.salomon@sfu.ca  

 

ASSESSMENTS OF ECOSYSTEM SERVICES 

Exciting approaches are emerging to value ecosystem services for conservation planning (i.e. 

Chan et al. 2006), and some new initiatives are being implemented in British Columbia marine 

settings such as the Pacific North Coast Integrated Management Area (Molnar et al. 2009), Haida 

Gwaii (Tam and Klain 2009), and Barkley Sound (Chan et al. 2009).  Work is currently 

underway in the latter project to estimate the ecosystem services in Barkley and Clayoquot 

Sounds and elsewhere in British Columbia‘s marine ecosystems.  This project is focused on how 

a spreading population of sea otters on the west coast of Vancouver Island will change the 

services that the ecosystem provides to humans.  This work will be focused on direct empirical 

research and social-ecological system models.  Such modeling approaches are described in the 

modelling section, including the InVEST approach to modeling the valuation of marine 

ecosystem services (discussed later). 

mailto:anne.salomon@sfu.ca
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Contact: 

Rebecca Martone, UBC Resource Management & Environmental Studies 

Michelle Molnar, The David Suzuki Foundation, mmolnar@davidsuzuki.org  

Kai Chan, Resource Management & Environmental Studies, UBC, kaichan@ires.ubc.ca  

 

 

FOUNDATIONS FOR UNDERSTANDING HISTORICAL CHANGE 

Understanding the Barkley and Clayoquot ecosystems, and planning for the future of those 

ecosystems, requires an understanding of their ecological and cultural histories.  Different 

approaches to understanding these histories are suitable for application to different timescales, 

and the most recent history can be reconstructed using the broadest variety of approaches. For 

example, ecological time series data or ―baseline‖ data collected by scientists, naturalists, 

fisheries agencies, and other sources can be assembled to gain an understanding of how various 

key components of ecosystems have changed, and researchers can attempt to relate these 

recorded changes with changes in human activities or the environment, or both.  Some ecological 

time series from Barkley and Clayoquot Sounds have been identified by the present author, and 

others such as fisheries data are available from agencies such as Fisheries and Oceans Canada.    

One notable approach involving the reconstruction of past ecosystems using ecosystem models 

(e.g. Ainsworth et al. 2008) involves utilization of a variety of types of historical ecological 

information and can be used to envision ecosystem restoration goals (past baselines) or to 

balance tradeoffs based on an historical rather than a present (snapshot) view of the potential of 

the system.  A discussion of ecosystem modeling approaches is provided in the Ecosystem 

models section. 

Contact: 

Cameron Ainsworth, Northwest Fisheries Science Center (NOAA); cameron.ainsworth@noaa.gov 

 

LOCAL AND TRADITIONAL ECOLOGICAL KNOWLEDGE 

Much of the knowledge about Barkley and Clayoquot Sounds and other areas in the West Coast 

Vancouver Island area exists as Local and Traditional Ecological Knowledge (LTEK), which can 

be considered a different modality of scientific knowledge.  Although local and traditional 

ecological knowledge of Barkley and Clayoquot Sounds persisted and was refined over the 

course of thousands of years, it is disappearing now at a much faster rate than scientific 

knowledge as the result of its cognitive and oral documentation, and the steady loss of languages 

and traditions of First Nations‘ people.  Such knowledge is extremely valuable for the 

management of natural resources, but gaining access to this knowledge and adapting it to broader 

management systems and scales can be challenging for scientists and resource managers.  

mailto:mmolnar@davidsuzuki.org
mailto:kaichan@ires.ubc.ca
mailto:cameron.ainsworth@noaa.gov
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Generally, traditional ecological knowledge can be used with permission of the stewards of that 

knowledge, and there are sometimes constraints to granting that knowledge.  Given the time 

scales at which this knowledge was retained, it provides a ‗social anthropology‘ window into the 

ecosystems and cultures of the last 10,000 years or so. Various approaches can be used in the 

attempts to document and utilize LTEK, but for the purposes of the WCA‘s marine planning 

activities such initiatives might best be focused on specific questions and goals.  LTEK 

initiatives would most likely require dedicated staff and students.  The University of Victoria‘s 

School of Environmental Studies specializes in this field, as does some faculty at Vancouver 

Island University and Simon Frasier University.  

Janet Winborne  

Neil Davis, DFO 

Steve Diggen, Coastal First Nations 

PALEOENVIRONMENTAL STUDIES  

 

Audrey Dallimore 

School of Environment and Sustainability, Royal Roads University, Victoria, B.C. 

For the past ten years, studies aimed at understanding the ―paleo‖, or past environmental history 

of the Barkley Sound area have been underway based out of the federal Institute of Ocean 

Sciences (IOS) in Sidney, B.C.  Effingham Inlet, which opens out into the sound in the northeast 

corner, is a unique ―anoxic‖ inlet which contains bottom sediments that archive changes in the 

coastal ocean, ecosystems, sea level, earthquake and tsunamis activity and climate over the past 

15,000 years of Earth history.  Since our instrument record of paleoenvironmental variability is 

only about a century long at best, sediment records are the only method we have of attempting to 

understand our coastal ocean and climate system and how the physical environment interacts 

with ecosystems, particularly through changes in boundary conditions. This work has also helped 

to inform archaeological investigations in Barkley Sound of First Nations cultures who 

sustainably lived and harvested from the environment for over five thousand years.  Collectively, 

the knowledge gained from on-going studies in Barkley Sound is timely and much needed to 

support policy decisions surrounding the impacts and adaptations to global climate change.  

An oceanographic transect is maintained in Barkley Sound by the IOS working group and has 

been on-going for the past 15 years.  Some multi-beam imagery has been logged in both Barkley 

and Clayoquot  Sound and the possibility exists to continue a full multi-beam sub-bottom map 

for the area should funds become available to do this work.  The Effingham Inlet sediment 

record is to date our longest and best understood record of paleoenvironments on the B.C. Pacific 

coastline, and will serve as an excellent baseline for other types of research in the Sound.   IOS –

based research in Barkley Sound is continuing, financially supported by Natural Resources 



Science Scoping for WCVI Integrated Ecosystem Management 

8 

Canada (Geological Survey of Canada), Fisheries and Oceans Canada (DFO), Royal Roads 

University  and the Natural Sciences and Engineering Research Council of Canada (NSERC).  

Grant applications are currently underway to Canada Foundation for Innovation (CFI) and 

NSERC (A. Dallimore, Royal Roads University) for the future support of students and research 

in the Barkley Sound and B.C. coastal areas. The results of these funding applications will be 

known in the Fall of 2009.   

In addition, Dr. Kim Hyatt has been involved in sockeye salmon research for the past 25 years in 

several WCVI lakes including those in and around Barkley Sound and there are good 

opportunities to conduct additional work such as analyses of fossil remains and isotopes in paleo-

cores from lake sediments as a means of developing very long-term information on reference 

states for WCVI freshwater, terrestrial, and marine ecosystems (MacDuffee and MacIsaac 2009).  

There are four good lakes for this in the region, Sprout Lake, Great Central Lake, Nahmint Lake 

(control-no salmon), Henderson Lake.  Cores from Effingham inlet suggest that latitudinal shifts 

in the presence and prevalence of salmon in that system. 

Publications List: 

Chang, A.S., Patterson, R.T., and McNeely, R. 2003.  Seasonal sediment and diatom record from the late Holocene 

laminated sediments, Effingham Inlet, British Columbia, Canada.  Palaios, 18(6): 477-494. 

Chang, A.E.S. and Patterson, R.T., 2005. Climate shift at 4400 years BP:Evidence form high resolution diatom 

stratigraphy in Effingham Inlet, British Columbia, Canada. Palaeogeography, Palaeoclimatology and 

Palaeoecology.   226: 72 -92. 

Dallimore, A., Thomson, R.E., and Bertram, M.A. 2005.  Modern to Late Holocene deposition in an anoxic fjord on 

the west coast of Canada: implications for regional oceanography, climate and paleoseismic history.  

Marine Geology, 219: 47-69. 

Dallimore, A., Enkin, R.J., Baker, J. and Barrie, J.V., 2007.  Climate Variability observed from western Canadian 

coastal inlets.  Available from http://ess-sst.nrcan-rncan.gc.ca/2002_2006/rcvcc/j27/2_2_e.php [Cited 

April, 2009]. 

Dallimore, A., Enkin, R.J., Pienitz, R.Southon J.R., Baker, J., Wright, C.A., Pedersen, T.F., Calvert, S.e. Ivanochko, 

T. and  Thomson, R.E., 2008. Postglacial evolution of a Pacific coastal fjord in British Columbia, 

Canada: interactions of sea-level change, crustal response, and environmental fluctuations – results from 

MONA core MD02-2494. Canadian Journal of Earth Sciences, 45: 1345-1362. 

Dallimore, A., Enkin, R.J., Baker, J., and Pienitz, R., 2009. Stratigraphy and late Pleistocene-Holocene history of 

Effingham Inlet, B.C.:  Results from MONA Core MD02-2494 and GSC freeze cores.  Geological 

Survey of Canada Open File Report 5930. 

Dallimore, A., Enkin R.J, Baker, J. and Rogers, G., 2009. Paleoseismic record of Effingham Inlet.  Seismological 

Society of America, Monterey, California, April, 2009. 

Dallimore, A. and Jmieff, D.G., in press.  Depositional archives of Canadian fjords along the west coast of British 

Columbia. In: Depositional Archives of Fjordic Environments.  Geological Society Special 

Publication. 

Hay, M.B., Dallimore, A., Thomson, R.E., Calvert, S., and Pienitz, R. 2007.  Siliceous microfossil record of late 

Holocene oceanography and climate along the west coast of Vancouver Island, British Columbia 

(Canada).  Quaternary Research, 67: 33-49. 

http://ess-sst.nrcan-rncan.gc.ca/2002_2006/rcvcc/j27/2_2_e.php
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Hay, M.B.,  Calvert, S., Pienitz, R., Dallimore, A.,  Thomson, R.E. and Baumgartner, T.R.  In press.  Geochemical 

and diatom signatures of bottom water renewal events in Effingham Inlet, British Columbia. Marine 

Geology. 

Ivanochko, T.S., Calvert, S.E., Southon, J.R., Enkin, R.J., Baker, J., Dallimore, A. and Pedersen, T.F., 2008a.  

Determining the post-glacial evolution of a northeast Pacific coastal fjord using a multiproxy 

geochemical approach.  Canadian Journal of Earth Sciences, 45: 1-14. 

Ivanochko, T.S., Clavert, S.E., Tomson, R.E. and Pedersen, T.F., 2008b.  Geochemical reconstruction of Pacific 

decadal variability from the eastern North Pacific during the Holocene. Canadian Journal of Earth 

Sciences, 45: 1317-1329. 

MacDuffee, M. and E. MacIsaac. 2009. Applications of Paleolimnology to Sockeye Salmon Nursery Lakes and 

Ecosystems in the Pacific Northwest and Alaska: Proceedings of a Workshop at the Institute of Ocean 

Sciences, October 8-9, 2008 

McKechnie, I., 2005.  Five thousand years of fishing at a shell midden in the Broken Group Islands, Barkley Sound, 

British Columbia.  Master‘s Thesis, Department of Archaeology, Simon Fraser University, Burnaby, 

British Columbia. 

McKechnie, I. (2007). Investigating the Complexities of Sustainable Fishing at a Prehistoric Village on Western 

Vancouver Island, British Columbia, Canada. Journal for Nature Conservation 15(3): 208-222.  

McMillan, Alan D., Iain McKechnie, Denis E. St. Claire and S. Gay Frederick (2008). Exploring Variability in 

Maritime Resource Use on the Northwest Coast: A Case Study from Barkley Sound, Western 

Vancouver Island. Canadian Journal of Archaeology 32:214-238.  

Patterson, R.T., Guilbault, J.-P., and Thomson, R.E. 2000. Oxygen level control of foraminiferal distribution in 

Effingham Inlet, Vancouver Island, British Columbia.  Journal of Foraminiferal Research, 30(4): 321-

335. 

Wake, C.P., Dallimore, A., and Fisher, D.A., 2006.  North Pacific Climate Workshop Final Report [online].  

Available from http://ess.nrcan.gc.ca/extranet/npw/index_e.php [cited February, 2008]. 

Wright., C.A., Dallimore, A., Thomson, R.E., Patterson, R.T. and Ware, D.M., 2005.  Late Holocene paleofish 

populations in Effingham Inlet, British Columbia, Canada. 

Contact: 

Audrey Dallimore, Royal Roads U / Geo. Survey Can.-Pac., NRCan; audrey.dallimore@nrcan.gc.ca 

Dan Selby, DFO 

 

INDICATORS, INVENTORIES, AND MONITORING 

EXISTING ECOLOGICAL BASELINE AND TIME SERIES INFORMATION 

There are a variety of sources of baseline or ecological time series data for Barkley and 

Clayoquot Sounds, some of which span long periods of time (Table 1).  Such baseline 

information and time series can be incorporated into both simple and complex analyses for 

understanding ecological change 

Table 1. Some Barkley-Clayoquot area fishery-independent ecological time series or 

baseline ecological data  

http://ess.nrcan.gc.ca/extranet/npw/index_e.php
mailto:audrey.dallimore@nrcan.gc.ca
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Component Duration (years) Contact Institution 

Temp., Sal., Weather 71 Amphitrite Lighthouse DFO 

Weather 41 Peter Janitis  (diseased) 

Carnation Creek watershed 38 see Hogan et al. 1998 BMSC /BC Forests 

Algae and invert species list 38 William Austin BMSC 

Temp., Sal., Weather 29 Cape Beale Lighthouse DFO 

Marine algae 29 Louis Druehl SFU 

Zoops; SW Van. Isl. Shelf 23 Dave Mackas DFO-IOS 

Intertidal community & waves 21 Carlos Robles CSULA 

Plants on islands 21 Martin Cody UCLA 

Purple sea urchin 21 Michael Russell Villanova Univ. 

Seabirds 21 Yuri Zharikov Parks Canada 

Christmas bird count 21 Anne Stewart BMSC 

Primary prod. (Line P) 21 Frank Whitney DFO-IOS 

Eulachon in region 20-70 D. Hay & P.B. McCarter DFO-PBS 

LaPerouse Buoy data 20 Richard Thompson DFO 

Kelp forests and sea otters 20 Jane Watson Malaspina Collage 

Zooplankton 19 Ron Tanasichuk DFO 

Marine invertebrates 19 Don Levitan Florida State Univ. 

Killer whales 18 Rod Palm Strawberry Isl. Res. 

Seabirds 15 Alan Burger UVic 

Littorina spp. 15 Liz Boulding U of Guelph 

Pelagic birds, mammals, fish 14 Rod Palm Strawberry Isl. Res. 

Benthic cores 13 Rod Palm Strawberry Isl. Res. 

Sealions 12 Rod Palm Strawberry Isl. Res. 

Forest 11 Tom Herman Acadia 

Whistle Buoy BMSC CTD 11 Bruce Cameron BMSC 

Rocky intertidal community 11 Russ Markel UBC 

Physical oceanography 6 Rich Pawlowicz UBC 

Eelgrass  6 Ramona de Graaf Huu ay aht / BMSC 

Local wave force 6 Palmer and DeWreede  UA & UBC 

Juvenile rockfish recruitment 4 Lotterhos & Markel FSU 

 

In addition to these examples of fishery-independent data sets, staff of the Conservation Biology 

Section of Fisheries and Oceans Canada is currently analyzing fishery-dependent time series data 

from British Columbia marine areas, led by Caihong Fu.  Such analysis can be very valuable to 

understanding historical ecosystem changes, especially when supplemented with fishery-

independent ecological data and other information such as traditional ecological knowledge and 

paleoecological and paleoenvironmental information and various historical ecosystem 

reconstruction modeling approaches. 
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Contacts:  

Thomas A. Okey, West Coast Aquatic; tom@westcoastaquatic.ca 

Caihong Fu, Research Scientist, Fisheries and Oceans Canada, Tel: (250) 729-8373.  

ECOLOGICAL INDICATORS IDENTIFICATION AND DEVELOPMENT  

Thomas A. Okey
1
 and Kim Hyatt

2 

1
West Coast Aquatic 

2
Fisheries and Oceans Canada, Nanaimo, B.C. 

Indicators are useful for measuring and monitoring status of a complex system because they are 

easy to measure and they represent the health of the system of interest.  Simple measurements of 

urine or blood, for example, can indicate the overall health of a person without explicitly 

understanding the complexities of how the individual‘s physiology works.  Likewise, ecosystems 

are so complex both structurally and functionally that understanding their workings in detail is 

effectively prevented by the limitations of resources (research capacity).  A certain level of 

understanding is necessary to manage human activities in an ecosystem, but the use of indicators 

can eliminate the need to understand its complexities.  Indicators can represent the physiological 

vigor of organisms, the status of populations of plants or animals, structural and functional 

aspects of the biological communities, the physical and chemical aspects of the ecosystem, even 

broader measures of ecosystem health, and even cultural, social, and economic aspects of the 

ecosystem in question.   

There is broad agreement that the identification of a small but powerful set of indicators would 

facilitate management of human activities in the Barkley Sound, or the WCVI area, or in most 

coastal marine ecosystems. 

The scientific literature on ecosystem indicators first appeared in the late 1990s and has been 

expanding rapidly this decade.  One useful compendium that addresses the development of 

ecosystem indicators for the North Pacific, albeit with emphasis on the Bering Sea, is available 

from the North Pacific Marine Science Organization, based in Sidney, BC (Kruse et al. 2006).  

Another is available compendium of ecosystem indicators with specific reference to 

implementation of the Wild Salmon Policy has been published by the Pacific Fisheries Resource 

Conservation Council (Nelitz et al. 2006). 

Fisheries and Oceans Canada (DFO) is developing a discussion paper on identifying ecosystem 

indicators for use in implementing ecosystem-based management of the components of the 

ecosystem in their purview, and there are plans to use a the Barkley Sound Pilot Project to 

evaluate how informative these indicators are given different objectives (Hyatt et al, in prep), as 

part of the implementation of Wild Salmon Policy Strategy-3.  Other notable work from DFO is 

the application of Bayesian Networks for the development of ecosystem indicators (e.g. I. Perry; 

J. Curtis, pers. com., 27 March 2009).  Parks Canada already uses key species, or easily 

mailto:tom@westcoastaquatic.ca


Science Scoping for WCVI Integrated Ecosystem Management 

12 

quantifiable species, as indicators of ecosystem health of the Pacific Rim National Park Reserve 

of Canada (PC 2008). 

From a DFO perspective, there are several sectoral activities (salmon harvest, hatchery 

production, other forms of enhancement, aquaculture, and habitat protection) that we either have 

full or shared authority to manage for their impact, in light of WSP Strategy-3 requirements, on 

wild salmon and their associated ecosystems. In general, we'll need to identify indicators to 

effectively monitor ecosystem-disturbance impacts on wild salmon and wild salmon-disturbance 

impacts on ecosystems.  

 From a practical viewpoint, this requires consideration of sector-specific impacts on wild 

salmon that may occur at a variety of spatial and temporal scales. This in turn means identifying 

sector-specific management objectives and performance indicators for these same spatial units. 

To illustrate, harvest of wild salmon will alter the flux of energy and materials (e.g. nutrients) 

reaching both freshwater and terrestrial (e.g. riparian) ecosystems and this may induce "trophic 

cascade" effects that impact not only the predator-scavenger complex that depends on wild 

salmon but also eventually the productivity of the habitats that wild salmon depend on 

themselves. Consequently, we'll need to develop indicators of salmon-and-riparian zone 

ecosystems, salmon-and-stream ecosystems, salmon-and-lake ecosystems that are diagnostic of 

the impacts that salmon harvest induces on the salmon associated complex of habitat and biota 

(i.e. the salmon dependent ecosystems). 

Contacts:  

Kim Hyatt, Ecosystem Research Scientist, Fisheries and Oceans Canada, (250) 756-7217  

James Irvine, Fisheries and Oceans Canada, (250) 756-7065; james.irvine@dfo-mpo.gc.ca  

Yuri Zharikov, Pacific Rim National Park Reserve, 250-726-7165, ext 228, yuri.zharikov@pc.gc.ca 

 

INVENTORIES OF BIOTA 

There are some efforts underway to inventory marine life in British Columbia.  Barkley / 

Clayoquot Sounds are included in such inventory efforts, as are other parts of the WCVI area.  

For example, a preliminary list of the marine invertebrates and habitats of the Barkley Sound 

region was documented almost 40 years ago (Austin 1970) with a survey of subtidal habitats 

conducted soon thereafter (Austin 1975).  A broader list of the marine invertebrates of the cold 

temperate NE Pacific was published later (Austin 1985), and these lists were then converted into 

an electronic database (Austin and Booth 1998).  The knowledge gained from such efforts were 

used to develop criteria for future inventories of a broader taxonomic spectrum (Austin et al. 

1997).  Lists of rare and endangered marine invertebrates of British Columbia have been 

developed from this inventory work (Austin 2000), and such work continues.  Such inventory 

initiatives are snapshots in time representing historical baselines, and their implicit value is in 

their comparability with future inventory snapshots in the region or specific locales, if these were 

mailto:james.irvine@dfo-mpo.gc.ca
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to be undertaken.  Species inventories were also conducted as part of the process to establish the 

Pacific Rim National Park Reserve. For biological time series, see the section on monitoring.  

The British Columbia Marine Conservation Analysis (BCMCA) is a collaborative project 

designed to provide information about marine biodiversity and human activity in BC‘s marine 

waters, and presumably has to collate information on particular species in order to produce  their 

‗atlas of known ecological values and human uses‘ and protected area site selection analyses 

(using Marxan), both discussed below.  Therefore, some of the information they are gathering 

comes under the category of inventories of biota  (http://bcmca.ca/introduction.php).  

Some species occurrence and inventory data from Pacific Canada coastal areas has been posted 

on OBIS Canada (http://marinebiodiversity.ca/OBISCanada/Data_Collections) by Fisheries and 

Oceans Canada, Parks Canada, and other sources.   

Contacts: 

Yuri Zharikov, Pacific Rim National Park Reserve, 250-726-7165, ext 228, yuri.zharikov@pc.gc.ca 

 

SPATIAL ATLASES OF BIOTA AND HABITATS 

The implementation of enhanced spatial zoning and management in Barkley and Clayoquot 

Sounds requires enhanced spatial information about the ecosystems and the resources within 

them.  The West Coast Vancouver Island Regional Information System is a cooperative project 

of West Coast Aquatic, Uu-a-thluk, and the Clayoquot Biosphere Trust. The system includes the 

WCVI Database, which is a digital library of reports and research documents relating to the 

ecosystems, communities, and activities of the WCVI, and the WCVI Regional Information 

System, which consists of an Interactive Regional Map Atlas that includes over 100 layers of 

interactive cultural and environmental maps that describe terrestrial and marine environments, 

resource uses, and coastal communities.  Enhancement of the WCVI Regional Information 

System should complement all science and planning activities by the WCA and its partners.  

Parks Canada is developing spatial analyses and modelling of species and wildlife habitat 

distributions for WCVI areas including Barkley Sound and those areas adjacent to the Pacific 

Rim National Park Reserve. 

The British Columbia Marine Conservation Analysis (BCMCA) group plans to provide resource 

managers, scientists, decision-makers, and those with a vested interest in the marine environment 

with an ‗atlas of known ecological values and human uses‘ and protected area site selection 

analyses (using Marxan).  This is designed to support coast-wide integrated marine planning and 

management initiatives by providing tools to help inform decisions about ocean management 

(http://bcmca.ca/).  

Contacts: 

http://bcmca.ca/introduction.php
http://marinebiodiversity.ca/OBISCanada/Data_Collections
mailto:yuri.zharikov@pc.gc.ca
http://bcmca.ca/
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Yuri Zharikov, Pacific Rim National Park Reserve, 250-726-7165, ext 228, yuri.zharikov@pc.gc.ca 

 

FUNCTIONAL HABITAT USE MAPPING FOR KEY SPECIES 

An approach to mapping the functional habitat use of key species in the PNCIMA area was 

presented by Lucas and Jamieson (2007), as part of the ecosystem overview mentioned 

previously (Lucas et al. 2007). This mapping is an important tool for Critical Habitat 

Assessments, identification of vulnerable marine ecosystems, Ecologically and Biologically 

Significant Areas (EBSAs) (see next section), during implementation of the International 

Governance Strategy, and other activities related to the future planning of the marine resources 

of the West Coast of Vancouver Island.  This kind of mapping would also be useful for 

quantifying the recovery of ecosystems to catastrophes, disturbance, or stressors. 

Contact: 

 Ed Gregr, ed@scitechconsulting.com   

IDENTIFICATION OF ECOLOGICALLY AND BIOLOGICALLY SIGNIFICANT AREAS 

Canada has developed guidelines for the identification of Ecologically and Biologically 

Significant Areas (EBSAs) (DFO 2004) and these areas have been delineated for the Pacific 

North Coast Integrated Management Area (Clarke and Jamieson 2007b, a).  Canada has also 

made progress in protecting Vulnerable Marine Ecosystems (VMEs), which are the high seas 

equivalent of EBSAs, and are used to afford protection to sensitive benthic habitats from 

trawling and other impacts.  There are plans within DFO to begin applying predicted distribution 

models for sponge reefs within VMAs and EBSAs.  Sponge reef and other vulnerable 

assemblages and habitats exist on the West Coast of Vancouver Island.  Jim Boutillier of DFO is 

the lead for DFOs interface with the International Governance Strategy relating to these 

designations for the high seas.  A recent ROV cruise was conducted during the summer of 2009, 

with collaborators including the Living Oceans Society, other environmental NGOs, and DFO to 

explore sensitive seafloor habitats throughout BC‘s marine areas, but unfortunately the West 

Coast of Vancouver Island was not visited. 

Contacts: 

Jim Boutillier, Head, Shellfish, Fisheries and Oceans Canada, James.Boutillier@dfo-mpo.gc.ca  

Jake Rice, Fisheries and Oceans Canada, Ottawa, jake.rice@dfo-mpo.gc.ca  

 

ICONIC SPECIES 

On one level, the importance of iconic species is reflected in their visibility, charisma, and 

tendency to capture the imagination of society.  On an ecological level, iconic species tend to be 

mailto:yuri.zharikov@pc.gc.ca
mailto:ed@scitechconsulting.com
mailto:James.Boutillier@dfo-mpo.gc.ca
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integrators of ecosystem health because their vitality, existence, and stability depend on the 

existence on healthy, productive, and stable ecosystems. This is because, for example, iconic 

species tend to be top predators or other ‗high trophic level‘ species, and their presence denotes 

the existence of a complex and functioning ecosystem.  Iconic species thus experience higher 

rates of extirpation or extinction in degraded ecosystems.  The prominence of iconic species in 

the language, cultural expressions, beliefs, and traditions of British Columbia‘s First Nations 

groups undoubtedly reflects their ecological importance in these coastal rainforest ecosystems.  

Iconic species in Barkley and Clayoquot Sounds include Pacific salmon species, killer whales, 

baleen whales, Bald Eagles, other fishes, other marine mammals, other birds, and even 

invertebrates such as certain bivalves.  Iconic species tend to be good indicators of ecological 

health, as well as providing a variety of services in their own right.  Research on iconic species 

can also help reveal key interactions in the social-ecological system.  For instance, research on 

resident killer whales can increase our understanding of Chinook salmon, and visa versa. 

Contacts:  

Rob Williams, r.williams@fisheries.ubc.ca 

INVASIVE SPECIES  

Aquatic invasive species occur throughout British Columbia and along all of Canada‘s long 

coastlines, rivers, and lakes.  Although they have been arriving for centuries, the rate of invasion 

has increased dramatically through increases in pathways such as shipping, recreational and 

commercial boating, the use of live bait, the aquarium/water garden trade, live food fish, 

unauthorized introductions and transfers, canals and water diversions, unauthorized introductions 

from aquaculture or fish stocking (Verling et al. 2005), and changes in climate which is shifting 

species distributions and timing of life history stages (Rahel and Olden 2008). The ecological 

effects of invasive species are often profound (e.g. Byrnes et al. 2007), and these can in turn lead 

to profound cultural and economic impacts (CCFAM 2004).   

Some affected industries are beginning to take this threat seriously. For example, The BC 

Shellfish Growers Association has partnered with Environment Canada on an outreach project 

and the publication of a guide to aquatic invasive species including various tunicate species and 

the European Green Crab (see: www.bcsga.ca/AIS). 

Work on invasive species in British Columbia is ongoing including work on particular species 

with negative economic consequences (e.g. Herborg et al. 2009) and work focusing on invasions 

related to shipping (e.g. Lo et al. 2008).  A Marine Transportation Working Group for the Pacific 

North Coast Integrated Management Area (PNCIMA) has recently been formed with 

involvement of a variety of agencies, experts, and interests to address this issue and other 

problems related to commercial shipping such as pollution.  This group will be meeting in June 

of 2009. The Canadian Aquatic Invasive Species Network (CAISN) is a group of Canadian 

experts from 20 partner universities and five federal laboratories (including Fisheries and Oceans 

mailto:r.williams@fisheries.ubc.ca
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Canada and Transport Canada). The Network is collaborating research projects related to 

assessing vectors and pathways of aquatic invasive species, factors affecting their establishment 

success, and the development of risk assessment models. 

There is also a broader literature about the effects of climate change on species invasions (e.g. 

Stachowicz et al. 2002b, Rahel and Olden 2008) and the effects of aquatic invasions on 

community structure and function (e.g. Stachowicz et al. 2002a).  

Management frameworks are also beginning to emerge for the management of invasive species 

(Vander Zanden and Olden 2008) and integrated monitoring and information systems are 

emerging for the management of aquatic invasive species in a changing climate (Lee et al. 2008). 

Various risk assessment models have been developed, at a global level, such as the Ballast Water 

Risk Assessment Tool developed by the International Maritime Organization (IMO 2004); and at 

a regional level, such as the prediction of range expansion of certain species (i.e. Herborg et al. 

2009); in addition to quantitative models (e.g. MacIsaac et al. 2002, Lo et al. in prep). 

Legislation mandating mid-ocean exchange of ballast water was implemented by Transport 

Canada in June 2006. This legislation requires vessels entering Canadian waters (with some 

exceptions) to report ballast water discharge volumes in Canadian waters in addition to details of 

management methods conducted (TC 2006). 

Invasive species of some marine and coastal plants and animals are currently tracked in the 

Pacific Rim National Park Reserve ecosystem (PC 2008). 

 
Contacts: 

Veronica Lo, CPAWS-BC, 604 685 7445 ext 25, veronica@cpawsbc.org  

Tom Therriault, DFO-PBS in Nanaimo, Thomas.Therriault@dfo-mpo.gc.ca  

Matthias Herborg, Aquatic Invasive Species Coordinator, BC Ministry of Environment, 

Matthias.Herborg@gov.bc.ca  

Yuri Zharikov, Pacific Rim National Park Reserve, 250-726-7165, ext 228, yuri.zharikov@pc.gc.ca 

 

ECOSYSTEM MONITORING 

Several ecosystem monitoring programs have been conducted, are underway, or are planned for 

Barkley Sound or Clayoquot Sound.  Some of this monitoring is represented in Table 1.  Others 

are discussed in the following incomplete list:      

Parks Canada is monitoring indicators of the marine area of the Pacific Rim National Park 

Reserve, including 21 years of seabird survey data, and now a monitoring program that includes 

a number of additional components (PC 2008). 

Neptune Canada (http://neptunecanada.ca/) is the world‘s first regional-scale underwater ocean 

observatory that plugs directly into the internet for new realms of partnership and collaboration 

mailto:veronica@cpawsbc.org
mailto:Thomas.Therriault@dfo-mpo.gc.ca
mailto:Matthias.Herborg@gov.bc.ca
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arrangements.  This large scale ecosystem monitoring project will provide a tremendous data 

stream from the six instrumentation nodes distributed on the continental shelf, slope, and deep 

sea floor.  The continental shelf node, the Folger Passage Node is at the Southern entrance to the 

Barkley Sound where the Sound meets the outer coast. This opportunity for collecting 

information critical for coastal planning will be optimized if partnerships and collaborations can 

design their studies to complement this data collection. Opportunities for the WCA include 

contributing to the Neptune database by (1) supplementing Neptune data through instrumentation 

of ‗ships of opportunity‘ in the Barkley Sound, including recreational, commercial, and 

subsistence fishing communities, as well as (2) facilitating the flow of information to public 

policy processes.  Several existing programs also complement the Neptune project. 

The Folger Node is located a short distance from the Bamfield Marine Sciences Centre, which 

can serve as a convenient base for complementing automated sampling.  Three categories of such 

work include Physical Oceanographic studies by Rich Pawlowicz and students/colleagues, 

epibenthic studies by Sally Lees and students/colleagues, and cetacean studies by John Ford and 

students/colleagues.  One example of the convenience of this location is that observers can 

quickly visit the node location when cetaceans are detected (BMSC boats are kept in the water 

with fuel).  Other complementary biological monitoring includes Ron Tanasichuk‘s 20 year 

zooplankton time series at 4 sites throughout Barkley Sound. 

UBC Professor Dr. Rich Pawlowicz (http://www.eos.ubc.ca/~rich/research.html) also has 

maintained a monthly time series of physical and chemical water characteristics at two stations in 

Barkley Sound in conjunction with Ron Tanasichuk‘s zooplankton time series at 4 sites. 

An eight year summer time series of full water column hydrological and sediment sampling 

along transects in all branches of Barkley, Clayoquot, and Nootka Sounds (since 2000) is been 

continued by a research group from the University of Washington.  The hydrological data have 

not yet been fully analyzed (e.g. Greengrove et al. 2006), but C. Greengrove plans to do so 

during a 2010 sabbatical. Interesting results have been published from the sediment part of this 

data set relating to the importance of terrestrial organic carbon input to these temperate fjord 

ecosystems and to the adjacent continental shelves (Nuwer and Keil 2005, Walsh et al. 2008). 

Future monitoring programs should be designed strategically in the context of strategically 

chosen indicators of population or ecosystem health.  

Other monitoring will be designed and conducted as part of the Wild Salmon Policy, as 

discussed in the indicators section presented previously.  

Contacts: 

Rich Pawlowicz, Earth and Ocean Sciences, UBC, rpawlowicz@eos.ubc.ca  

Yuri Zharikov, Pacific Rim National Park Reserve, 250-726-7165, ext 228, yuri.zharikov@pc.gc.ca 

Kim Hyatt, Ecosystem Research Scientist, Fisheries and Oceans Canada, (250) 756-7217  

Rod Dobell, Neptune Canada, UVic, rdobell@uvic.ca  

 

http://www.eos.ubc.ca/~rich/research.html
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NEPTUNE OCEAN OBSERVING SYSTEM 

The Neptune Canada ocean observing system off the West Coast of Vancouver Island was 

successfully instrumented during the summer of 2009, and it is now being used to collect 

oceanographic data, including some biological data.  One instrumented node, the Folger Node) is 

located just inside Barkley Sound, and the rest of the nodes are located offshore along the 

continental slope and the deep sea floor.  This source of oceanographic monitoring data will 

produce considerable quantities of data about this part of the ocean, which can be utilized in 

concert with other information and analyses described herein to form a much better 

understanding of the ocean and how human communities and societies will interact with these 

coastal and ocean ecosystems.  A central vision for this project is, ―a new online commons where 

scientists, students, educators, policy makers and ocean enthusiasts can explore, learn, share 

insights and tackle new questions.‖  More information about the Neptune Canada ocean 

observing system can be found at http://neptunecanada.ca/.   

Contacts: 

Mairi Best, Associate Director – Science, NEPTUNE Canada, University of Victoria, BC, Canada 

 

MODELLING AND OTHER SYSTEMS ANALYSES 

CONCEPTUAL MODELING 

Conceptual models, in many forms, can be used as a precautionary or proactive foundation to the 

management of natural resources.  It is particularly useful for marine ecosystems, emerging 

issues, and in data limited situations.  George and colleagues (2007) provided examples of the 

use of conceptual models for making proactive management decision making about deep sea 

coral ecosystems. 

Contacts: 

Thomas A. Okey, West Coast Aquatic; tom@westcoastaquatic.ca 

 

SPATIAL MAPPING OF HUMAN USE INTENSITY AND CUMULATIVE IMPACTS 

Approaches are now available to map the spatial intensities and cumulative impacts of human 

activities in marine ecosystems, both on a global scale (Halpern et al. 2008) and on much finer 

scales. Natalie Ban and her colleagues are currently conducting such research for Northern 

British Columbia‘s coastal ecosystems (Ban and Alder 2008, Ban et al. in prep).  Use intensities 

are based on quantitative data, which is then combined with expert ratings of the relative impacts 

of the various categories of anthropogenic stressors.  The results of these analyses can be 

incorporated into the WCVI interactive regional map atlas. 

http://neptunecanada.ca/
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The BCMCA ‗atlas of known ecological values and human uses‘ discussed in previous sections 

can also be used for the mapping of human use intensity and cumulative impacts, or at least some 

of the information collected during such an effort can be utilized for these analyses. It would be 

most efficient for these efforts to be combined. 

Contacts: 

Natalie Ban, Australia Research Council Centre of Excellence for Coral Reef Studies, James Cook University, 

Queensland, Australia 4810. Tel +61 7 4781 6067; natalie.ban@jcu.edu.au  

Hussein M. Alidina, WWF-Canada; halidina@wwfcanada.org  

Jeff A. Ardron, Pacific Analysis and Research Association; jardron@pacmara.org 

 

CLIMATE CHANGE VULNERABILITY ANALYSIS 

Another type of quantitative multi-dimensional vulnerability assessment was developed by 

Hobday and colleagues (2006) in Australian waters, and this approach incorporates potential 

climate change impacts into this the vulnerability assessment. This approach can be blended into 

the spatial mapping approaches discussed previously producing high resolution estimations of 

climate impacts in BC waters in the context of other anthropogenic stressors.   

Contacts: 

Thomas A. Okey, West Coast Aquatic; tom@westcoastaquatic.ca 

Elvira Poloczanska, Climate Adaptation Flagship, CSIRO Marine and Atmospheric Research 

Tel: +61 3 6232 5141; Elvira.Poloczanska@csiro.au  

Alistair Hobday, Climate Adaptation Flagship, CSIRO Marine and Atmospheric Research; 

Alistair.Hobday@csiro.au  

 

VALUATION AND ECOSYSTEM SERVICES  

Characterization of the various services that ecosystems provide to humans, and the trade-offs 

between and among them, can potentially curtail the widespread degradation of social-ecological 

systems seen during the 20
th

 Century, simply by highlighting those values.  Various approaches 

and tools have emerged during the last decade to aid in such valuation.  One such approach 

developed by The Natural Capital Project, www.naturalcapitalproject.org, takes the form of a 

mapping and modeling tool called InVEST (Integrated Valuation of Ecosystem Services and 

Tradeoffs).  This GIS-based tool is used to estimate the values of ecosystem services in a 

landscape, at high resolution, and to compare how different scenarios of future area use would 

affect the defined values.   It was developed for terrestrial landscape use (e.g. Nelson et al. 2009), 

but a ‗Marine InVEST‘ tool is being developed using Barkley and Clayoquot Sounds as 

demonstration areas, in collaboration with the WCA.  Ruckelshaus and Guerry (2009) explained 

that, ―Marine InVEST will give policymakers and other stakeholders a way to evaluate the 

multitude of services that people derive from ocean ecosystems so that these values can be 

incorporated into the planning process. It will help us to better understand the true costs and 

benefits of natural resource management options.‖  A demonstration can be found at 

mailto:natalie.ban@jcu.edu.au
mailto:halidina@wwfcanada.org
mailto:jardron@pacmara.org
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http://invest.ecoinformatics.org/.  Other tools for valuation and ecosystem services include 

ARIES – Artificial Intelligence for Ecosystem Services, which is being developed at the 

University of Vermont ( http://ecoinformatics.uvm.edu/). 

Contacts: 

Mary Ruckelshaus, NOAA Fisheries, Seattle, WA ; mary.ruckelshaus@noaa.gov  

Anne Guerry, The Natural Capital Project, Stanford University; anne.guerry@noaa.gov  

Jodie Toft, The Natural Capital Project, Stanford University; jetoft@stanford.edu  

Katie Arkema, katiearkema@gmail.com  

Kai Chan, Resource Management & Environmental Studies, UBC, kaichan@ires.ubc.ca  

 

ECOSYSTEM MODELING 

There are a number of different types of ecosystem modeling approaches, but the one that might 

be of the most use to the goals of the WCA is the Ecopath with Ecosim approach (Polovina 

1984, Christensen and Pauly 1992, Walters et al. 1997, Christensen and Walters 2004). This is 

now a standard approach (hundreds of marine ecosystem applications around the world), it has 

been used successfully by WCAs Director of Aquatic Sciences for integrating disparate 

ecosystem information, identifying information gaps, and exploring mechanisms of change 

(Okey and Pauly 1999, Okey 2004, Okey et al. 2004a, Okey et al. 2004b, Okey and Wright 

2004), and it should be considered a foundation for much of the scientific work that can be 

conducted in the WCVI to support planning activities.  The approach was initially designed to 

investigate the system-wide impacts of changes in fisheries policy/management, but has also 

been used to produce indicators of ecosystem indicators and health, and for many other 

ecological, economic, and natural resource management research initiatives.  It is now being 

applied to studies of climate variability and change (Watters et al. 2003, Booth and Zeller 2005, 

Araújo et al. 2006, Brown et al. in prep) so that climate impacts can be distinguished from 

fisheries and coastal stressors such as watershed degradation.  

The ecological data available for Barkley and Clayoquot Sounds is of relatively high quality for 

constructing useful ecosystem models and other food web interaction web modelling approaches, 

especially given the near term potential for collecting additional ecological information through 

the identification of key data gaps that emerge during the construction of preliminary iterations 

of these ecosystem models. Ecosim models can be driven with a suite of oceanographic forcing 

factors and coastal stressors to evaluate each of their likelihood of contributing to observed 

variation in abundance of major trophic groups.  Some oceanographic indices are predicted to 

show persistent change over the next several decades due to global climate change. Once 

important oceanographic forcing factors of the ecosystem are identified, these will be used as 

persistent time-varying forcing factors in order to predict long-term ecosystem changes under 

alternative climate change scenarios.    

http://invest.ecoinformatics.org/
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Several ecosystem models (Ecopath with Ecosim) have been constructed for the marine and 

coastal areas of British Columbia (Pauly and Christensen 1996, Beattie 1999, Ainsworth et al. 

2002, Vasconcellos and Pitcher 2002, Ainsworth and Pitcher 2005b, a, 2006, Guénette et al. 

2007).  A culmination of some of this work included the reconstruction of historical marine 

ecosystems and forecasts of future ecosystem states relative different scenarios of fisheries and 

climate (Ainsworth et al. 2008).  Another project of particular relevance to WCA interests was 

aimed at distinguishing the relative roles of fisheries and climate in the biological communities 

and key species on the BC continental shelf (including the WCVI area), the Strait of Georgia, 

and the broader Northeast Pacific (Preikshot 2007).  Construction of an Ecopath model of 

Barkley Sound (for example) should be undertaken by a graduate student dedicated to the task, 

and supervised by Okey and university advisors.  

Contacts: 

Thomas A. Okey, West Coast Aquatic; tom@westcoastaquatic.ca 

Cameron Ainsworth, NOAA Fisheries, cameron.ainsworth@noaa.gov 

Dave Preikshot, UBC Fisheries Centre, d.preikshot@ubc.bc.ca  

 

RANKING SPECIES IMPORTANCE: KEYSTONENESS AND INTERACTION STRENGTH ANALYSIS 

There is a growing interest in approaches that can be used to rank the relative ecological 

importance of species (e.g. interaction strength and ‗keystoneness‘) because managing the 

abundances of these key species can strongly influence the structural and functional integrity of 

biological communities within marine ecosystems. Reliable and meaningful methods for 

estimating and ranking the relative importance of species or functional groups in whole 

biological communities would enable conservation prioritisation and strategy making that is 

effective both ecologically and financially.  Some of these species or functional groups are 

inherently vulnerable due to their naturally small populations or biomasses, or due to exotic 

stressors that are at odds with aspects of their life histories or population structures.  This is 

particularly true of keystone species, which have low biomasses (or abundances) relative to their 

interaction strength.  

It is rarely feasible to employ direct empirical studies (i.e. field experimentation) to derive such 

rankings within whole biological communities, but there are ongoing advances in the use of 

ecological models for this purpose.  Trophodynamic models (i.e. Ecopath with Ecosim) and 

network modelling approaches have been employed and combined to develop approaches for 

ranking interaction strength, keystoneness, and other network measures to advance the field so 

that tools are now available to make these rankings throughout whole systems (Okey 2004, 

Libralato et al. 2006, Jordán et al. 2008). It will be straightforward to conduct these analyses 

once an ecosystem model (e.g. Barkley Sound) is constructed and refined. 

Refinement of these approaches and frameworks will allow their incorporation into emerging 

mandates for implementing ecosystem-based management, for restoring or enhancing ecological 

mailto:tom@westcoastaquatic.ca
mailto:cameron.ainsworth@noaa.gov
mailto:d.preikshot@ubc.bc.ca
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resilience, and possibly for maintaining the functionality of ‗non-stationary‘ biological 

communities in the context of global climate change. 

Contacts: 

Tom Okey, West Coast Aquatic; tom@westcoastaquatic.ca 

 

NICHE-BASED BIOCLIMATIC ENVELOPE MODELING 

Changes in the distributions of marine fishes and invertebrates resulting from changes in climate 

and oceanography can be estimated using niche-based bioclimatic envelope modeling, as 

developed by Cheung et al (2009) on a global scale.  This approach can be ‗downscaled to the 

area of the NE Pacific (from central California to the Western Gulf of Alaska) using fine-scale 

regional species and oceanographic data in order to estimate potential changes in BC marine and 

coastal settings including the WCVI area.   

This requires distribution/habitat suitability maps (gridded) of studied species. Such maps could 

be a product of habitat suitability models, which could be developed based on empirical data 

such as those used in Orsi et al (2007) and on projections of ocean conditions from regional 

oceanographic model/GCMs.  

The results could be used to compare the estimated sensitivities of species in different 

bioregions, compare the downscaled results to the global results from Cheung et al (2009), and 

compare the results with observations and predictions from other approaches and knowledge of 

the ecosystem, or from other regions, or both.  Finally, we would discuss the implications of 

these forecasts for fisheries management in the context of climate change. 

The results could be presented at the international symposium, ‗Climate Change Effects on Fish 

and Fisheries: Forecasting Impacts, Assessing Ecosystem Responses, and Evaluating 

Management Strategies‘ to be held April 26-29, 2010, in Sendai, Japan 

(http://www.pices.int/climatechange2010.aspx). A special issue of a journal is planned for the 

forecasting results presented at this meeting, timed for uptake into the next IPCC Assessment 

Report, but we would consider publication in higher impact journals (if appropriate) with all who 

agree to contribute data listed as co-authors. TAO will be attending this meeting, as he is on the 

Scientific Steering Committee and helped to develop the new joint ICES/PICES Working Group 

on forecasting climate change impacts on fish and shellfish.  

 
Contacts: 

Thomas A. Okey, West Coast Aquatic; tom@westcoastaquatic.ca  

William W.L. Cheung, UEA ENV, wwlcheung@gmail.com  

Richard D. Brodeur, NOAA Fisheries, rick.brodeur@noaa.gov  

 

mailto:tom@westcoastaquatic.ca
http://www.pices.int/climatechange2010.aspx
mailto:tom@westcoastaquatic.ca
mailto:wwlcheung@gmail.com
mailto:rick.brodeur@noaa.gov
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FISHERIES STOCK ASSESSMENT MODELING 

Fisheries stock assessment models comprise most of the standard toolbox that Fisheries and 

Oceans Canada uses to assess resource (stock) status and adjust management and policies in 

attempting to maximize the values of those stocks.  It is likely that the WCA science program 

and associated research networks would be users of the results of these stock assessments in the 

contexts of the other analyses presented here, rather than being direct partners in these 

assessments per se.   

 

DOWNSCALING OF REGIONAL AND GLOBAL MODELS 

To estimate changes in climate and oceanography on the local and regional scale of the WCVI, it 

may be necessary to downscale regional and global models of the expected physical and 

chemical changes to the atmosphere, ocean, and coastal environments of the region.  The 

Canadian Earth System Model, which is expressed over a global domain with NPZD ocean 

ecosystem/carbon cycle and terrestrial carbon system embedded in coupled atmosphere-ocean 

climate model, is one starting place. The Canadian Regional Climate Model from the Canadian 

Centre for Climate Modelling and Analysis, Environment Canada is another.  Another example 

of downscaling global scale models is discussed in the section of niche-based bioclimatic 

envelope modeling above, in which the more biological envelope model is downscaled to the 

region using fine scale local or regional oceanographic information directly rather than 

interfacing with global models.   

 

SITE SELECTION FOR POTENTIAL MARINE PROTECTED AREAS 

MARXAN is a software for the selection of marine protected areas by achieving a set of 

conservation goals by searching for spatial solutions that minimize the various costs of 

establishing such a marine protected area network.  It selects sites for marine protected areas 

based on the spatially-explicit integration of value estimations across an area.  Some marine 

planning initiatives have achieved success through the use of this tool (e.g. Airame et al. 2003).   

MARXAN with Zones, or MARZONE, is the next generation of this approach, which allows for 

the subtleties of a zoning approach for the selection of areas.  In this new approach, multiple 

zones of different types with different levels of protection can be specified and the various 

features of the area (economic, social, cultural, and biological features) can be used as both 

constraints and objectives.  Both versions are available http://www.uq.edu.au/marxan/index.html. 

The BCMCA (British Columbia Marine Conservation Analysis) plans to conduct MARXAN 

analyses in British Columbia to support marine planning activities. BCMCA is focusing on a 

much larger large scale than that of Barkley and Clayoquot Sounds, and they would have 

http://www.uq.edu.au/marxan/index.html
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different analyses.  Nevertheless, some of the data layers they have identified will be appropriate 

for populating MARZONE analyses for these smaller areas.   

Ecoseed is a module of Ecopath / Ecosim / Ecospace (http://ecopath.org/) that incorporates 

MARXAN analyses such that the ecological impacts of systems of marine protected areas can be 

projected and estimated (by Ecospace), in addition to the value-based site selection (by 

MARXAN/MARZONE).  This marriage is yielding useful results from particular case studies 

(Christensen et al. 2009).  More information on these approaches can be found at EBM Tools 

(http://www.ebmtools.org/) and at their respective websites. 

Another site selection algorithm produced locally is that by John Schnute of Fisheries and 

Oceans Canada.  There is a very broad literature on marine protected areas in general, and a 

review of reviews of this literature might be useful (e.g. Lubchenco et al. 2003). 

 

SOCIAL ADAPTIVE CAPACITY ANALYSIS 

Conservation priorities differ not only according to environmental susceptibility and pristineness, 

but also according to variations in social adaptive capacity (McClanahan et al. 2008, 

McClanahan et al. 2009).  It is thus important to consider the social adaptive capacity of the 

communities that will be affected (positively or negatively) by management options for Barkley 

Sound or other areas in the WCVI area, in the context of spatial planning. There are various 

approaches to quantify the social adaptive capacity of various communities to planning activities 

and to changes in the health or availability of resources, such as those caused by climate change 

impacts.  

 

WATERSHED FUNCTION ANALYSIS 

Modifications to the function of coastal watersheds affect the health and values of rivers, lakes, 

and the coastal ocean.  Thus, analyses that evaluate the health, integrity, or functions of WCA 

watersheds can be critical to evaluations and planning for these aquatic and marine ecosystems.  

An overview of watershed analysis is presented by Reid et al (1994; 

http://www.watershed.org/news/fall_94/federal.html), and various examples can be found online. 

The Automated Geospatial Watershed Assessment (AGWA) Tool is a GIS-based watershed 

management tool that parameterizes and runs two watershed models, KINEROS2 and SWAT.  

AGWA is designed to provide qualitative estimates of runoff and erosion relative to landscape 

change, and more information can be found at EBM Tools (http://www.ebmtools.org/).  

 

http://ecopath.org/
http://www.ebmtools.org/
http://www.watershed.org/news/fall_94/federal.html
http://www.ebmtools.org/


Science Scoping for WCVI Integrated Ecosystem Management 

25 

STRATEGY OPTIONS FOR SCIENCE PROGRAM IMPLEMENTATION 

Twenty seven categories of science approaches (analyses) are introduced in the preceding menu. 

These approaches vary considerably in their foci, purposes, products, and the demands of time 

and resources needed to accomplish each one.  Without a large scientific staff and budget, an 

effective strategy or framework for West Coast Aquatic in developing the science that will 

support the human-use planning for the area(s) and social-ecological systems in question should 

include the following steps: 

1. Identify the questions that need to be addressed to support WCA planning 

2. Select and prioritize analyses based on those questions (in an ideal world) 

3. Identify the linkages, interdependencies, and synergies amongst analyses 

4. Rank analyses based on need and desirability and based on available resources 

5. Identify resources for accomplishing these analyses, both within and outside of the WCA 

6. Identify initiatives outside of the WCA in which these and other such analyses are being 

conducted or planned 

7. Identify, initiate, and engage in collaborations that would enable or enhance key analyses 

8. Identify students, interns, additional funding, and additional WCA staff for 

accomplishing such analyses 

Generally speaking, almost any one of the analyses listed in the preceding menu could take up 

more than one full year of one science staff—one full time equivalent (FTE)—whereas some of 

those analyses require more time and expertise.  Without collaboration, even that one analysis 

assigned to one staff member would likely not yield great success because complex analyses of 

complex systems require complementary stets of expertise, experience, and perspectives.  In 

light of this simplified example, a broadly collaborative approach seems the most effective 

option for producing a broad enough set of science products to have confidence that the system 

will be understood adequately to support the envisioned planning process.  It is well worth 

emphasizing, however, that despite the lip service given to collaboration in so many settings (e.g. 

in fundraising), functional scientific collaborations often do not materialize due to cultural 

incentives in science and government (Wilson 1998), organizational structure, lack of time 

allocation, and other issues.    

A broadly collaborative approach is the best option for WCA, and it seems to be in a very good 

position to make such collaboration work, despite the real challenges, and its own initial 

experiences in attempting to find the most effective roles in balancing the in-house production of 

science with coordination and collaboration.  In its role as coordinator of collaborations it can be 
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in a position of ‗ecosystem synthesis‘, especially if WCA staff are actively engaged in the 

science of those collaborations as contributors as well. 

One idea that emerged during this scoping is to coordinate a Barkley/Clayoquot/WCVI network 

and knowledge symposium (A. Dallimore, pers. com, 31 March 2009) in addition to existing 

collaborative initiatives such as the Wild Salmon Policy implementation and Parks Canada 

activities.  Inaugural and subsequent meetings of such a Research Network could be hosted by 

the WCA and funded by NSERC through collaboration with Royal Roads University.   

This knowledge network would provide greater integration of the efforts applied by groups 

currently working within "information silos". This compartmentalization problem is persistent 

even under the banner of integrated coastal zone management when organizations focus 

predominantly and sometimes exclusively on either ocean-based or land-based issues. For 

example, DFO has an Oceans Policy that identifies large ocean management areas (LOMAs) as 

an entity of interest. However, this agency also has management responsibilities and significant 

authority over anadromous salmon, which depend not only on habitat found in LOMAs but also 

those associated with large aquatic management areas (LAMAS) throughout various river basins 

and watersheds. DFO shares authority over the LAMAs with various Provincial ministries (e.g. 

Ministry of Forests, MOE-Water Stewardship, etc.) who often view their management actions 

and issues within LAMAs as having no discernible impact on LOMAs.  

Truly ecosystem-based and integrated management requires work to overcome this jurisdictional 

fragmentation that undermines progress towards achieving sustainable resource management. In 

principle, DFOs Wild Salmon Policy includes aspirations to achieve this higher level of 

integrated, ecosystem-based management, but the fact that the fundamental science and resource 

assessment activities taking place within WCVI LOMAs and LAMAs has yet to be integrated 

suggests that the creation of a network of information/knowledge providers with historic to 

current involvement in Barkley and Clayoquot Sound LOMAs and LAMAs, and elsewhere on 

the West Coast of Vancouver Island could help accelerate an integrated approach to solving 

WCVI resource management issues.    

Such a network would also assist the WCA to engage in science communities, organizations, and 

initiatives in a strategic way so that the key information is focused on and duplication of effort is 

avoided.  Furthermore, it would serve to keep science and resource management entities engaged 

with the Aquatic Management Board so that its purpose and functions are not foreign to the 

communities in the WCVI area, which apparently almost happened with the Marine and Aquatic 

Committee Clayoquot Biosphere Trust over the issue of declining Chinook salmon. 

In practice, only a select few of these approaches listed in this document will be implemented 

and contribute materially to the planned Ecosystem Assessment(s) that will provide the 

foundation for the Integrated Coastal and Ocean Management Plan.  
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OPTIONS FOR ADVISORY TEAMS AND PEER REVIEW  

Some of the approaches listed in this document come with their own set of technical advisors 

associated with the initiatives and institutions from which the approaches emerge.  An advisory 

team for the overall project may emerge from the Advisory Committee of the Barkley Sound 

Knowledge Symposium, scheduled for 9-11 February 2010 (see that advisory committee at 

http://www.westcoastaquatic.ca/barkleysymposium/content/advisory-committee).   The overall 

program features different forms of peer review as well, including selection of contributed Wiki 

abstracts for presentation at the Barkley Sound Knowledge Symposium and inclusion into the 

proceedings and Integrated Ecosystem Assessment; public review of contributed Wiki articles to 

the Barkleypedia forum of the project Knowledge Base; and a selected peer review of the 

Integrated Ecosystem Assessment(s). 
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